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PREFACE. 


A  COMPARISON  of  this  edition  v  ith  the  previous  one,  publish.cd  in 
1869,  will  render  it  evident  that  tlie  present  volume  is  jiractically 
a  New  Treatise,  more  than  four-fifths  of  the  whole  having  been 
rewritten.  The  rapid  development  of  that  branch  of  chemical 
science  which  comprises  the  Ciirbon  compounds  rendered  a 
change  necessary  in  the  system  of  classification  employed  by 
the  late  Professor  Miller,  and  the  adoption  of  one  based  on 
the  analogy  in  chemical  constitution  and  proixirties  of  com- 
pounds rather  than  on  the  source  from  which  they  happen  to 
be  obtained.  At  tint  an  attempt  waa  made  simply  to  xe- 
arrange  and  enlarge  the  work,  so  aa  to  include  the  more 
important  discoveries  made  since  the  issue  of  the  last  editioB, 
but  this  had  aoon  to  be  abandoned  as  impracticable.  It  there- 
fore became  necessary  to  rewrite  the  Treataae,  incorporating 
those  porfeiona  of  the  original  which  might  be  available  for  the 
purpose.  The  slight  imevemiess  in  the  character  of  the  work, 
which  will  be  appsrent  on  comparison  of  the  first  few  chapters 
with  the  later  ones,  is  chiefly  dne  to  this  canae* 

In  this  volume,  the  cyanides,  the  hydrocarbons  and  their 
•  haloid^  nitro-  and  cyauo-derivatiTes»  the  alcohola  and  thio- 
alcohols,  the  ethers,  aldehydea,  ketones,  the  qninones,  and  com- 
pounds more  or  less  closely  allied  to  one  or  other  of  these  great 
groups — such  as  the  carbohydrates  and  ^ucosidea — are  folly 
discussed.  Only  one  section  of  the  acids  are  described — ^namely, 
those  belonging,  for  the  most  part,  to  what  may  conveniently  be 
termed  the  paroffinoid  (so-called  fatty)  group.  The  acids  of  the 
btiizenoid  (so-called  aromatic)  group,  the  nitrogen  compounds  of 
basic  character,  and  the  organo-metallic  compounds,  will  form  the 
chief  subjects  of  a  second  volume,  which  will  shortly  be  published. 

It  is  hoped  that  the  work  will  not  only  be  found  to  contain  a 
fairly  complete  account  of  the  present  state  of  knowledge  of  the 
groups  above  mentioned,  but  more  especially  that  it  will  be  of 
assistance  to  the  advanced  student,  not  merely  in  enabling  him 
to  acquire  £eu^^  but  aa  a  guide,  both  to  the  methods  of  inquiry 
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wlikli  aie  of  semce  in  this  branch  of  chemistxy^  and  to  the 
prindpleB  on  which  the  theoretical  dedoctioiiB  are  based.  As  a 
mle^  -instead  of  simple  dogmatic  s^tements^  the  objections 
against  any  particuUr  view  are  given^  as  well  as  the  arguments 
in  &Toar  of  it. 

fiefiarences  to  the  original  sources  of  information  are  freely 
introduced.  In  many  cases,  when  ouly  a  single  authority  is 
quoted^  it  will  be  found  on  consulting  the  paper  quoted  that  it 
contains  a  full  account  of,  or  reference  to,  the  labours  of  other 
investigators.  When  the  name  of  an  author  alone  is  appended 
to  a  particular  statement,  the  paper  in  which  the  iuformation  is 
conveyed  will  in  most  cases  be  discovered  without  difficulty  by 
consulting  the  Index  to  Liebig's  Annalen,  the  Jahresbericht, 
the  Berichte,  or  the  Chemical  Society's  Abstracts.  The  Index, 
also,  has  been  made  as  full  and  complete  as  possible.  Several 
friends  whose  names  are  mentioned  in  the  text  have  favoured  us 
with  important  information^  for  which  w«  desire  here  to  record 
our  wannest  thanks. 

It  is  evident  that  in  a  work  of  this  size  there  must  be  many 
omissions,  and  the  conclusions  arrived  at  arc  in  some  cases  more 
or  less  open  to  questkm ;  but  it  could  scarcely  be  otherwise,  on 
account  of  the  very  great  extent  of  the  literature  to  be  discussed, 
and  the  difficulty  consequent  on  this  of  properly  taking  into 
consideration^  and  fairly  weighting,  all  the  known  statements  of 
results.  It  must  also  not  be  forgotten  that  no  comprehensive 
work  on  the  subject  has  appeared  since  the  publication  of 
Kekule's  ever-memorable  LeArbveh,  and  therefore  that  the  com- 
pilation of  an  extended  treatise  like  the  present  is  attended  by 
many  difBcnlties.  We  trust,  however,  that  a  solid  foundation  has 
been  laid^  and  that  the  chief  features  of  the  modem  chemistry 
of  carbon  compounds  are  truthfully  pictured. 

Notwithstanding  the  extraordinary  increase  in  the  number  of 
the  carbon  oomponnds,  their  study  is  gradually  becoming  simpli- 
fied as  the  possibility  is  extended  of  arranging  them  in  series, 
end  of  giving  a  general  description  of  their  chief  properties 
applicable  to  all  the  members  of  the  group.  For  example,  the 
principal  laws  which,  in  all  probability,  govern  the  formation  of 
many  hundred  substitution  derivatives  of  benzene  may  now  be 
expressed  in  a  few  lines.  We  are  not  without  hope  that  this 
volume  may  be  of  service  in  aiding  the  proj^ress  of  our  science, 
for  at  every  step  in  the  attempt  to  generalize  difficulties  arise 
owing  to  the  imperfection  of  our  records :  important  terms  in  a 
series  of  compounds  are  unknown,  or  the  properties  of  members 
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of  the  werim  are  ray  imperfactlj  deiefmined^  or  are  obfiouily 
inaocnrBtely  atated ;  and  oonaequeiitly  we  aro  unable  to  draw 
oanclnaions  witb  any  oonfidenoe  at  to  the  behavioor  of  the  aeriea 
as  a  whole.  Evideuoe  of  thia  will  he  ibnnd  on  page  after  page 
of  the  present  volamej  dearly  showing  that  at  no  time  more 
than  the  present  was  greater  opportonity  afforded  iar  nsefiil 
research,  much  of  the  woA  to  be  aooomplished  being  of  a  kind 
well  within  the  powers  of  an  intelligent,  bnt  eomparalmly 
inexperienced  student.  It  has  been  somewhat  the  fashion  of 
late  to  decry  the  attention  which  is  being  paid  to  the  investiga- 
tion of  carbon  compounds,  but  this  undoubtedly  arises  from  an 
imperfect  appreciation  of  the  methods  and  objects  of  this  depart- 
ment of  chemistry.  For  a  long  time,  the  investigation  of  com- 
pounds other  than  those  which  contain  carbon  was  carried  on  in 
the  most  desultory  and  unsatisfactory  manner  without  any  definite 
aim  or  object ;  now  that  the  study  of  the  carbon  compounds 
has  led  chemists  to  the  discovery  of  a  series  of  beautifully  simple 
relationships  subsisting  between  them,  the  necessity  of  investi- 
gating the  relationship  between  the  remaining  elements  and  their 
compounds  is  for  the  first  time  fully  recognized.  Mendeljeff's 
so-called  periodic  law  may  be  regarded  simply  as  an  extension  of 
the  laws  which  govern  tiie  carbon  oomponnds  to  the  elements 
generally. 

At  the  present  time,  what  is  most  required  is  the  accurate  and 
complete  examination  of  individual  carbon  compounds,  for  chemists 
hare  hitherto  too  often  been  satisfied  if  they  simply  prepared  a 
given  anbstance^  analyied  it,  and  described  a  few  of  its  reactiona ; 
a  compound  ia  seldom  obtained  in  quantity  sufficient  to  admit  of 
its  complete  purification  and  the  aubseqnent  determination  of  its 
physical  oonatants.  These  constants  can  be  most  advantageously 
determined  hj  those  who  have  the  necessary  apparatua  at  their 
command,  and  above  all,  special  experience  in  such  matters ;  and 
if  each  chemical  school  would  make  the  preparation  by  its 
students  of  certain  substances  in  a  state  of  purity  a  part  the 
ordinary  course  of  study,  and  would  give  notice  that  these  parti- 
cular compounds  were  at  the  disposal  of  experts  for  the  determi- 
nation of  physical  constants,  much  would  be  done  to  facilitate 
the  study  of  a  comparatively  neglected  branch  of  science.  We 
have  now  reached  a  stage  at  which  it  is  fully  recognized  that 
there  is  no  definite  limit  between  the  physical  and  chemical  pro- 
perties of  compound,  and  it  is  obvious  that  without  a  complete 
knowledge  of  both  no  material  progress  can  be  made. 

Almost  at  the  close  of  the  volume  we  have  brietly  discussed  the 
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insufficiency  of  the  present  theory  of  isomerism,  and  have  given  a 
sketch  of  the  Van't  Ilofi-Le  Bel  hypothesis,  Trhich  is,  we  believe, 
worthy  of  tlie  most  careful  consideration;  for  although  it  does  not 
appear  to  meet  all  the  difficulties,  and  may  therefore  eventually 
have  to  be  modified  or  abandoned  for  a  more  comprehensive  theory, 
its  application  to  the  study  of  isomerism  in  carbon  compounds 
is  certain  to  lead  to  disooveries  of  iniiwrtancc. 

Finally,  we  would  express  the  wish  that  our  readers  will  have 
the  kindness  to  point  out  any  mistakes  that  they  may  notice,  and 
we  sball  also  gladly  welcome  any  suggestions  or  information.  It 
is  requested  that  oommanications  on  these  points  be  addressed  to 
Dr.  Armstrong. 

IIenby  £.  Armstrong. 
Chablbs  £.  Gboybs. 

Aim,  1880. 
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PART  III. 


CHEMISTEY  OF  THE  CAItBON  COMPOUNDS; 

OB 

0  E  G  A  ^l/STj^iiHl^R  Y. 

U^^TVEKSITY 

§  L  Iniroduetory ; — {  II.  Analysis  of  Carbtm  Compomuh;-^ 

§  111.  Molecular  Formula. 

(1025)  Organic  CHKMisrar^  in  its  primary  lignification, 
trestod  of  the  chemistiy  of  organized  beings,  and  of  the  pro- 
ducts of  their  chemical  actions  upon  matter  in  its  Tariont  forms, 
it  being  supposed  nntil  the  year  1828  that  the  interposition  of 
the  so-called  Tital  force  was  essential  to  their  formation.  At 
that  time,  howcTer,  the  celebrated  German  chemist,  Wdhler, 
shoved  that  urea,  which  occurs  in  the  uriDe  of  man  and  animals, 
ooold  be  artificially  prepared.  Since  then  a  number  of  carbon 
compounds  have  been  produced  which  had  previously  been  known 
only  as  derived  firom  animal  or  vegetable  substances ;  amongst 
others,  well  known  substances  such  as  alcohol,  tartaric  acid, 
glycerin,  and  indigo,  also  alizarin — the  colouring  matter  of 
madder,  jrallic  acid — found  in  gall  nuts,  and  coumarin  the 
odoriferous  prineiple  of  the  Tonka  bean.  There  is  Init  little 
df)ubt,  as  new  methods  are  discovered,  and  our  knowledge  of  the 
carbon  compounds  increases,  tliat  we  may  eveutuallj  be  able  to 
produce  synthetically  even  the  most  complex. 

Organic  chemistry,  therefore,  in  its  present  signification  is  the 
cltemistry  of  carbon  compounds  ;  the  chemistry  of  the  remaining 
elements,  and  the  compounds  they  form  with  one  another,  con- 
stituting the  so-called  inorganic  chemistry.  It  is  im})oriaiit 
therefore  to  bear  in  mind  the  distinction  between  organic  com^ 
pouads  and  organized  budiea. 

Orgame  eompoimds  possess  a  dtfinUe  composition,  and  in  many 
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cases  exhibit  a  crystalline  structure^  sach  as  may  be  observed  in 
sugar^  oxalic  add,  nrea»  taurin,  and  quinine. 

On  the  other  hand,  organized  bodies,  such  as  mnscular  tissue, 
nerve  stracture,  cellulin,  and  ligneous  fibre,  never  exhibit  any 
tendency  to  a  crystalline  arrangement,  but  show  a  rounded,  vesi- 
cular, or  fibrous  configuration ;  and  are  so  connected  with  each 
other  as  to  form  parts  of  a  system,  each  of  which  is  incomplete 
if  severed  from  the  remainder.  Their  composition,  however,  is 
not  invariable,  and  there  can  be  no  doubt  that  thev  are  mixtures 
of  several  eoinpouiitls,  and  consequently  not  perfectly  homogeneous. 
It  should  be  remembered  that  the  power  of  the  chemist  is  con- 
fined to  the  preparation  of  definite  chemical  compounds  and  the 
investij^ation  of  their  properties,  for  organized  bodies  have  not 
hitherto  been  j)repared  artificially  :  they  are  the  resnlt  of  the 
action  of  living  bodies  upon  inanimate  matter,  every  living 
body  having  the  power  of  assimilating  fresh  matter  from 
without,  and  of  arranging  its  particles  in  the  special  form  wliich 
characterizes  the  class  to  which  the  individual  organism  belongs. 

The  study  of  the  chemical  changes  that  occur  in  living  bodies 
constitutes  physiological  chemistry,  one  of  the  most  difficult  and 
least  investigated  branches  of  the  science.  The  difficulty  depends, 
in  a  great  measure,  on  the  extreme  delicacy  of  the  arrangements 
by  which  the  various  changes  are  effected,  and  upon  their  com- 
plicated nature  which  renders  them  liable  to  injury  from  a  mul- 
tiplicity of  causes  that  have  hitherto  eluded  scrutiny.  Important 
changes  may  in  consequence  often  be  effected  in  the  organism 
itself  without  being  appreciable  except  in  their  results,  even 
when  fhey  extend  so  &r  as  to  occasion  death.  We  can  proceed 
to  investigate  the  effect  produced  by  the  tying  of  a  large  artery  or 
the  division  of  a  nerve;  but  when  an  animal  is  poisoned  by  a  few 
milligrammes  of  aoonitine  or  by  a  few  drops  of  a  solution  of  hydro- 
cyanic acid,  there  is  scarcdy  anything  to  indicate  to  the  anatomist, 
to  the  microscopic  observer,  or  to  the  chemist,  the  mode  in  which 
these  bodies  operate  in  suddenly  cutting  short  the  life  of  the  animal. 
The  organization  still  appears  to  be  perfect,  yet  the  once  \\\  ing 
mechanism  no  longer  continues  to  perform  its  wonted  functions. 
In  the  living  body  comjiouuds  arc  produced,  many  of  which,  when 
released  from  the  influences  under  which  they  originated,  quickly 
undergo  fresh  changes  ;  these  are  generally  manifested  by  the  oc- 
currence of  the  jmtrefactiou  and  decay  to  which  both  animal  and 
vegetable  tissues  arc  liable  when  they  no  longer  form  a  part  of  the 
living  or^^anism.  A  continuous  renewal  of  their  constituents  is 
one  of  the  distinguishing  and  essential  characteristics  of  living 
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bodies,  ao  that  when  the  plant  or  the  animal  is  peifurming  its  fimc- 
tions  in  a  healthy  manner,  a  series  of  changes  succeed  each  other 
in  a  regular  order ;  bat  if  this  sequence  be  modified,  even  in  a 
slight  degree,  disease  frequently  ensues,  and  when  the  change  is 
extensive,  death  is  the  speedy  and  inevitable  consequence. 

The  attention  devoted  to  physiological  chemistry  of  late  years 
has  led  to  most  important  results,  and  there  is  no  doubt  that 
more  extended  investigation  wiU  enable  us  to  ascertain  the  nature 
of  many  of  the  chemical  phenomena  to  which  animal  and  plant 
life  give  rise.  In  the  present  work  the  attention  of  the  reader 
will  be  only  incidentally  directed  to  the  physiological  portion  of 
the  subject,  the  main  object  being  to  exhibit  the  mutual  relations 
which  the  various  chemical  compounds  bear  to  each  other,  and  to 
trace  the  laws  of  their  formation. 

$  II.  Analysis  of  Cakbon  Comfovnus. 

(1026)  The  greater  number  of  organ ie  eom pounds  are  com- 
posed of  a  small  number  of  elements,  yet  they  present  properties 
as  much  o})poscd  to  eacli  other  as  it  is  possible  to  imagine  :  some, 
of  the^^e  pnxhu  ts  constitute  the  daily  food  of  man,  others  act  as 
direct  and  violent  poisons. 

A  large  and  very  important  class  of  carbon  compounds, 
including  many  essential  oils  and  such  substances  as  naph- 
thalene, benzene,  and  paraffin,  consist  of  carbon  and  hydrogen 
only;  the  greater  number  of  organic  bodies,  however,  derived 
from  the  vegetable  kingdom,  contain  carbon,  hydrogen,  and 
oxygen,  like  sugar,  acetic  acid,  and  alcohol;  others  contain 
nitrogen  in  addition  to  these  elements,  and  in  some  few 
sulphur  occurs.  The  majority  of  the  organic  compounds  obtained 
from  the  animal  kingdom  consist  of  carbon,  hydrogen,  oxygen, 
and  nitrogen,  whilst  a  few  also  contaui  sulphur  and  phosphorus. 
Organic  compounds  have  been  artificially  prepared  containing 
not  only  the  elements  just  enumerated,  but  chlorine,  bromine, 
iodine^  fiuorine,  silicon,  boron,  and  the  metals. 

Although  ike  number  of  different  elements  associated  with 
carbon  in  organic  substances  is  usually  small,  they  may  possess 
any  degree  of  complexity  from  hydrocyanic  acid,  HCN,  contain- 
ing only  three  atoms  in  the  molecule,  to  the  complex  substance 
stearin,  C..-H,j(,Og,  with  its  173  atoms,  or  the  still  more  complex 
compound  albumin,  the  molecule  of  which  (C-jIIj,.,N^^SOjj)  con- 
tains not  less  than  225  atoms,  and  perhaps  even  more.  • 

(J027)  Proximate  Analysis. — It  is  neccssarj^  in  the  exami- 
nation of  any  organic  substance  to  ascertain  its  composition,  or 
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ill  otiicr  words,  to  analyse  it.  As,  however,  it  may  happen  that 
it  is  not  a  dcHuite  coni[)onncl,  but  a  mixture  of  two  or  more,  the 
problem  then  presented  to  the  chemist  is  to  separate  the  proxi- 
mate components  from  each  other.  The  analysis  of  organic 
substances  may  therefore  be  conveniently  considered  under 
■proxininf*'  analysis,  as  in  the  separation  of  wheat  flour  into  starch, 
sugar,  ghiten,  ligneous  fibre,  and  oily  matter ;  and  ultimate  analysis, 
or  the  determination  of  the  proportions  in  which  the  carbon, 
hydrogen,  and  oxygen  are  united  in  the  starch,  sugar,  or  gluten. 

The  proximate  analysis  of  an  organic  substance  is  often  a 
matter  of  considerable  difficulty,  so  that  no  general  rule  can  be 
laid  down  for  the  separation  or  extraction  of  the  different 
principles,  each  class  of  substances  requiring  special  treatment, 
'which  experience  alone  can  indicate. 

In  all  cases  of  proximate 
analysis,  the  employment  of  the 
microscope  will  afibrd  yaluable 
aid  whilst  watching  the  pro- 
gress of  the  separation,  and  in 
enabling  the  operator  to  as- 
certain whether  or  not  the  sub- 
stances which  he  has  isolated 
are  mixed  with  other  bodies. 
"When  the  substance  is  crystal- 
line, such  an  examination,  by 
showing  whether  one  or  more 
forms  of  crystal  are  present,  is 
often  more  valuable  for  ascer- 
taining the  purity  of  the  body 
than  the  use  of  chemical  re- 
a^etits. 

(1028)  Sej/oration  by  Sol- 
vents.— The  ])r()eess  generally 
followed  in  the  first  iijstanee  is 
to  subject  the  dry  pulverised 
material  to  the  action  of  several 
solvents  in  succession,  such  as 
ether,  alcohol,  and  water. 

A  convenient  upparatttB  for  tiie  di- 
gestion of  the  substances  for  !Uialy>ia 
in  these  menstrua,  is  shown  in  fiij. 
377  : — A.  is  a  gloiis  flatik  conlainiug 
the  liquid  solvent,  which  can  bo  kopt 
in  ifaMdy  eballition  by  meano  of  tho 
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Liiup  beneath,  b  is  a  tube  of  glass  or  of  tiii-phiU*,  in  the  contracted  portion  of 
which  b  a  plug  of  cotton  wool,  c ;  in  tiiia  tube  the  substaucti  ia  to  be  placed  ; 
if,  U  a  ahort  lateral  tube  to  whieh  the  tabe,  e,  of  glaaa  or  metal,  ia  attached  bj 
india-rubber  tubing.    The  tabe  e  ahoold  be  kept  warm  by  enveloping  it  in 

flftnnel,  with  a  view  to  prevent  the  premature  condensation  of  the  vapour  a*  it 
rise*  from  the  fla.sk.  m  is  a  tin-plat^?  condenser,  which  can  be  tilled  with 
water ;  A  is  a  funnel  for  conveying  cold  water  to  the  bottom  of  this  vessel, 
whiiat  the  hot  water  flows  off  at  the  spout  above.  A  tube,  open  at  both  ends, 
paeaea  through  the  axia  of  x  j  the  lower  projecting  eztiemity  of  thia  tube  ia 
fitted  by  n  eoric  to  the  tubL>  b.  /is  a  worm  tube,  the  npper  extremity  of  which 
pu!ise«  tlirouf^h  the  side  uf  the  relrigerator,  and  is  adapted  by  a  cork  to  ilie 
t<ib»-  i,  whilst  its  lower  extremity  i.s  soldered  to  the  tube  //.  iiito  which  its 
conteut6  tiow  after  they  have  been  condensed  iu  their  passage  through  the  relri- 
gerator.  It  ia  obviona  that  by  thb  arrangement  a  ]>erpetQal  diatilktaon  of  the 
liquid  in  the  fiaak  a  may  be  feadily  maintained ;  the  vspoiir  which  peaeea  through 
the  tube  e  becomeii  cv<ni!*'ii.>,ed  in  the  spiral  tube/!  and  peroolates,  in  the  liquid 
form,  tlirough  the  material  contained  in  B,  carrying  the  soluble  matters  into  tlie 
fljisk  A,  where  they  gradually  accumulate.  If  the  euiployuieut  of  metal  be  m 
any  ca^ie  objectionable,  glaiiti  vettoelb  may  be  used. 

A  great  Tariety  of  solvents  are  now  employed  for  the  sepia- 
ration  and  purification  of  carbon  compounds,  so  that  a  slight 

sketch  of  their  most  salient  properties  may  be  useful.    Ether  is 
especially  valuable  from  its  low  boiling  point,  aiul  from  its 
having:  no  chemical  action  on  most  organic  compounds  ;  so  that 
on  distilling  off  the  ether  the  dissolved  substance  is  easily  reco- 
vered without  having  undergone  any  sensible  decomposition.  In 
addition  to  this,  it  has  the  advantage  of  dissolving  a  very  large 
number  of  substances  whieh  are  eomj)ara'ivcly  insoluble  in  t)t]icr 
liquids.     Alcoliol  is  also  largely  used,  and  may  be  advantageou.- iy 
enijjloycd  for  dissolving  such  sul)stances  as  the  alkaloids  ;  but,  as 
a  rule,  it  should  be  avoided,  if  possible,  for  halogen  substitution 
compounds,  as  it  is  very  liable  to  react  with  them,  and  cause 
their  decompoidtion,  or  at  least  partially.     Water  dissolves  sugar, 
gum,  starch,  and  other  highly  oxidiaed  bodies  which  arc  nearly 
insoluble  in  ether  or  alcohol,  also  many  salts,  both  of  organic 
acids  and  bases.    Benzene  is  a  very  useful  solvent,  especially  for 
chlorine,  bromine,  and  iodine  substitution  compounds,  but  for 
thia  purpose  it  should  be  purified  by  digestion  with  concentrated 
sulphuric  add.     This  removes  certain  hydrocarbons  which 
usuallj  acoompanj  it  in  ooal  oily  and  which  would  other- 
WBM  deoompoae  the  dissolved  substance.    A  peculiar  characte- 
ristic of  beniene  in  which  it  differs  greatly  from  alcohol  and  ether 
is  that  almost  aU  amorphous  substances  are  insoluble  in  it.  The 
houologues  of  beniene  found  in  coal  oil,  such  as  toluene, 
xylene,  &c.,  are  also  occasionally  useful  when  a  solvent  of  a 
somewhat  higher  boiling  point  is  required.    Organic  compounds 
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generally  are  mueh  less  soluble  in  carbonic  bhvIpJnde,  carbonic 
tetrachloride  and  chloroform  than  in  benzene,  and  ('(nirsequcntly 
tlieir  use  is  somewhat  restricted.  Glaeial  acetic  acid  possesses 
valuable  solvent  pro})erties,  and  the  fact  that  it  dissolves 
eliromie  anlivdride  and  nitric  acid,  whilst  it  is  not  attacked  bv 
tlicm,  renders  it  exceedingly  useful  in  moderating  their  action 
on  carbon  compounds.  Light  petrolenni  oil,  consisting  principally 
of  the  lower  boiling-point  paraffins,  is  also  useful,  usually  for  the 
crystallization  of  substances  vhich  are  exceedingly  soluble  in 
ether^  benzene,  and  carbonic  bisulphide ;  its  solvent  powers  are 
not  great.  Nitrobenzene,  aniline,  and  oil  of  turpentine  are  also 
occasionally  used.  In  particular  cases  dilute  acids,  and  in  others 
diiute  atkaiies  may  be  employed,  but  they  must  be  used  with 
caution,  as  they  are  liable  to  act  not  merely  as  solvents,  but 
also  to  produce  chemical  changes  in  the  compounds  submitted 
to  their  action. 

(1029)  Fractional  CryttatUzatum  and  Fractumal  SohiiimL — 
It  frequently  happens  that  two  or  more  crystalline  substances 
occur  together,  which  possess  different  degrees  of  solubility  in  the 
same  menstruum ;  in  such  a  case  they  may  often  be  separated  by 
fractional  eryBtdUization,  care  being  taken  to  collect  the  crystals  as 
soon  as  a  portion  of  the  compound  has  been  deposited,  and  keep- 
ing them  separate  from  those  which  are  formed  subsequently ; 
by  repeating  this  process  on  the  first  portions,  the  less  soluble 
compound  may  be  obtained  in  a  state  of  purity. 

Tn  some  cases,  where  a  mixture  of  two  8olid«  of  ver}-  iiiieqnal  solubility  in 
the  same  nieiiHtruum  is  operated  on.  frartiona I  sohiiion  may  be  employed.  In 
thid  e-use,  by  usiug  successive  small  portions  of  the  soKent,  the  more  soluble  in- 
gredient  may  be  gradually  remored,  leaving  undiasolved  the  leas  aolahle  iogre- 
dieot  in  a  neari  j  pure  atate. 

(1030)  Fractional  Precipitation  and  Fractional  Saturation. — 
In  other  cases,  if  the  different  compounds  yield  precipitates  uith 
the  same  reagent,  a  separation  by  fractional  precipitation  may  be 
effected  by  adding  a  quantity  of  the  precipitant  insufficient  to 
throw  down,  for  example,  more  than  one-half  of  the  amount  of 
the  substances  that  may  be  present.  The  salts  of  sil?er  or  of 
lead  may  thus  be  employed  for  separating  certain  organic  acids, 
particularly  the  fatty  or  the  resinous  acids,  or  others  which  like 
them  greatly  resemble  each  other  in  properties.  The  precipitate 
must  then  be  suspended  in  water,  and  decomposed  by  means  of 
sulphuretted  hydrogen,  or  of  a  dilute  mineral  acid,  in  order  to 
separate  the  metal  and  liberate  the  organic  acid,  which  is  again 
submitted  to  a  similar  partial  predpitatioii.    This  process  must 
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be  repeated  until  the  fusing  point  becomes  constant^  or  some 
Otlier  guarantee  of  the  purity  of  the  body  is  obtained. 

A  method,  which  may  be  termed  fractional  saturation,  was 
applied  by  Liebig  to  the  separation  of  certain  Tolatile  acid^  from 
each  other.  This  process  consists  in  partially  saturating  the  acid 
with  potassic  or  sodic  hydrate,  and  then  distilling  i  the  more 
volatile  acid  passing  over  with  the  distillate.  Suppose  that  it  be 
desired  to  effect  the  separation  of  butyric  from  valeric  add  by 
this  means : — a  certain  amount  of  potassic  hydrate  is  added,  and 
if  this  be  more  than  sufficient  to  saturate  ^e  valeric  add,  the 
distillate  will  consist  of  butyric  add  only,  while  the  residue  will 
be  a  mixture  of  potassic  valerate  and  buiyrate.  If,  on  the  other 
hand,  the  potasdc  hydrate  be  insufficient  to  completely  saturate 
the  valeric  add,  the  residue  in  the  retort  will  consist  of  pure 
potassic  valerate,  and  the  distillate  will  be  a  mixture  of  butyric 
and  valeric  acids,  which  may  be  separated  by  a  repetition  of  the 
process. 

(J031)  Fractional  Distillation. — The  operation  of  fractiojial 
distillation  is  employed  for  the  separation  of  mixed  volatile 
liquids  whose  boiling  points  differ  to  some  extent.  The  mixed 
liquid  to  be  operated  on  is  placed  in  a  retort,  into  the  tubulure 
of  which  a  thermometer  is  inserted,  and  heat  is  applied  until  tlie 
liquid  boils.  The  bulb  of  the  thermometer,  however,  should  not 
dij)  into  the  boiling  liquid,  for  its  temperature  is  usually  fur 
higher  than  that  of  the  vapourized  portion,  and,  consequently,  an 
incorrect  l)oiling  point  would  probably  be  assigned  to  the  dis- 
tillate. In  distilling  such  a  mixture,  it  will  generally  be  found 
that  although  the  temperature  of  the  vapour,  as  indicated  by  the 
thermometer,  rises  continuonsly,  yet  at  certain  points  this  takes 
place  much  more  slowly,  the  temperature,  for  a  time,  remaining 
nearly  stationary.  A  large  quantity  of  the  liquid  will  then  distil 
within  comparatively  small  limits  of  temperature,  and  may  be 
supposed  to  have  a  composition  nearly  uniform.  By  again 
rectifying  those  portions  wldch  distil  within  the  same  small  limits 
of  temperature,  the  different  componenta  of  the  mixed  liquid 
may  be  obtained  in  a  state  of  tolerable  purity.  Where  large 
quantities  can  be  operated  on,  this  process  may  he  employed  for 
the  separation  of  liquids  the  boiling  points  of  which  differ  con. 
aiderably  from  each  other ;  but  it  is  not  satisfactory  when  the 
quantities  are  small,  or  where  the  boiling  points  are  within  xo^ 
or  15^  (20°  or  30°  F.),  of  eadi  otilier.  Excq^t  with  liquids  of 
high  boiling  point,  it  is  generally  better  to  substitute  for  the 
retort  a  flask  famished  with  a  bent  tube  connected  with  a  con- 
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drnaer,  and  a  thermometer,  the  biilh  of  which  should  be  about 
half  way  down  the  neck  of  the  flask. 

A  considerable  improvement  in  the  mode  of  conducting  the  fractional  distil- 
lation of  comparatively  large  quantities  of  liquid  was  introduced  by  Warren, 
who  applied  it  successfully  in  examining  the  volatile  products  of  American  pe- 
troleum. {Memoirs  of  the  American  Academy,  New  Series,  vol.  ix.)  This 
mode  of  distillation  will  be  understood  from  an  examination  of  fig.  378,  iii 
which  a  shows  the  retort  or  two-necked  Bask  containing  the  liquid  for  distilla* 
tion  together  with  a  thermometer  f.  The  flask  is  connected  with  an  ascending 
spiral  worm  b,  which  is  maintained  at  a  constant  temperature  by  being  made  to 


Fio.  378. 


pass  through  the  oil  bath  c,  heated  from  below,  and  having  the  temperature 
regulated  by  the  aid  of  the  thermometer,  t.  d  \»  a.  vessel  ordinarily  empty,  but 
which  can  be  filled  with  ice  if  it  is  required  to  keep  the  worm  at  a  low  tempera- 
ture.  The  upper  end  e  of  the  worm  is  connected  with  a  Liebig's  condenser  or 
other  suitable  apparatus  for  condensation.  By  this  arrangement  it  is  easy  to 
ensure  the  condensation  of  the  less  volatile  portions,  which  flow  back  into  the 
retort,  whilst  the  more  volatile  portion  passes  on  and  is  condensed  in  the  colder 
part  of  the  apparatus.  The  apparatus  should  be  mtide  of  brazed  copper;  the 
worm  is  about  5  feet,  or  15  metre  in  length,  and  i  inch  or  10  miUimetres  iu 
internal  diameter. 

The  piece  of  apparatus  represented  in  fig.  379  acts  much 
in  the  same  way  as  Warren's,  and  is  very  generally  used  iu  the 
laboratory  for  facilitating  the  fractional  distillation  of  liquids.  It 
consists  of  a  tube  about  half  an  inch  (13  millimetres)  iu  internal 
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diameter,  on  which  are  blown  from  three  to  six  bulbs,  the  lowest 
one,  a,  heing  about  six  inches  (15  centimetres)  from  the  cork ;  a 
thermometer  is  inserted  into  the  upper  end  b,  the 
bolb  of  which  comes  just  below  the  exit  tube  e,  for 
the  vapour.  This  is  connected  with  a  suitable 
condensing  arrangement  for  the  collection  of  the 
distilled  liquid.  Here  the  large  surface  exposed 
by  the  bulbs  has  an  effect  similar  to  the  worm  of 
Warren's  apparatus  in  condensing  the 
less  Yolatile  portion  of  the  vapour.  The 
distillation  should  be  conducted  very 
slowly  and  in  a  place  as  much  sheltered 
from  currents  of  air  as  possible. 

Linnemann  {A/m,  Chem.  P/iunn. 
c\\.  195),  Ikis  coiKsidtTiibly  improved 
on  this  apparatus  by  the  introduction 
into  the  distillinjj^  tube  of  small  eu})s  (iij^. 
380),  made  of  fine  platinum  wire  j^auze, 
the  meshes  of  which  are  about  o'"  ",  millimetres  s([iuirc, 
or  ^  'y  to  tlie  incli.  For  the  separation  of  liquids  whose 
hoiliui^  point  is  below  i^d^ {^oz°  F-);i^  i"^  advisable  to  use 
at  least  eight  such  cups  ;  those  boiling  between  150^ 

aud  180*^  (30^°  and  3^6°  F.)  require  six 
cups,  whilst  above  180°  (356°  F.)  five 
are  sufiicient.  These  cups  (fig.  381) 
are  male  by  pressure  in  a  box-wood 
mould  and  slide  with  friction  in  a  tube 
which  should  be  from  9  to  12  milli- 
metres (i  to  }  inch)  in  internal 
diameter.  During  the  progress  of  the  distilla- 
tion these  become  partially  filled  with  the  liquid  . 
which  condenses  on  the  sides  of  the  tube,  so  that  the  |  j 
vapour  is  compelled  to  pass  through  the  liquid  and 
becomes  washed  as  it  were,  only  the  more  volatile  portion  passing 
on  to  the  condenser;  its  action  is  therefore  almost  identical  with 
the  Coffey's  still,  used  for  the  rectification  of  alcohol  on  the  large 
scale.  After  a  time  the  platinum  cups  will  become  too  full ;  the 
burner  must  then  be  removed  for  a  few  secouds  from  under  the 
distilling  flask,  so  as  to  stop  the  boiling  and  allow  the  liquid  to 
flow  back  aguiu  into  the  iluiik,  after  which  the  distillation  cau 
be  resumed. 

W'aiiklyn  ha«  shown  (Proc.  Boy.  S»c.,  xii.  534)  that  the  proportionti  in 
wliich  mixid  liquids  dinUi  orer  miufc  viurjf  aot  onljr  with  the  rdAtivu  amaunt  of 
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each  onutitnent,  and  with  the  tension  of  the  vapour  of  each  at  the  bwling  point 
of  the  miztare,  bni  also  with  the  adhesion  of  the  liquids  to  each  other  and  with 

the  vapour  density  of  each.  Although  in  most  ca.ves  the  effect  of  adhesion  is 
tritliiii,',  tlie  vurialion  in  vapotir  density  is  important.  According  to  his  experi- 
ments, a  mixture  ot"  equal  weights  of  two  liquids  of  diH'erent  boiliii;^  poijit.s  will 
furni&h  a  distillate  in  which  the  proportion  of  each  liquid  may  be  calculated  tVom 
the  prodact  of  the  tenftum  into  the  spsoifio  gravity  of  the  vapour.  In  oonee* 
quence  of  this  eireumstanee,  the  less  volatile  liquid  may  distil  over  more 
rspidly  than  the  other;  for  example,  a  mixture  oontainlni^  18  parts  of  wood 
spirit  (boiling  at  66°  {151"  F.),  vapour  density  15*5),  and  17  parts  of  ethyl 
iodide  (Iniilin^  at  72°  (i6i°6  F  ),  vapour  density  78)  yielded  in  the  first 
third  a  uiixtuie  consisting  of  6  parts  of  wuud  Hpirit  and  8*7  of  ethyl  iodide.  If 
the  vapour  density  and  the  tension  at  |be  btnling  point'of  the  mbud  liquids  are 
inversely  proportions!  in  the  esse  of  the  two  liquidK,  the  mixture  distils  without 
change.  The.se  observations  explain  the  facility  with  which  bodies  of  high  boil- 
ing point  and  of  considerable  vapour  density,  f^nch  as  the  essential  oils, 
pobs  over  with  the  vapour  of  water.    Berthelot  has  wade  similar  obsenations. 

It  frequently  Happens  that  a  mixture  of  Bubstances  it  obtained, 
one  or  more  of  which  are  readily  volatile  in  a  current  of  aqueous 
▼apour,  thus  affording  an  excellent  method  for  separating  them 
from  those  which  are  non-¥olatile  under  these  circumstances. 
The  mixture  is  introduced  into  a  flask  a,  fig.  382,  oontain« 


FiG.  382. 


ing  water  which  is  kept  gently  boiling,  whilst  a  current  of 
steam  from  a  tin  or  copper  can,  b,  is  passed  into  the  liquid  by 
means  of  a  tube  reaching  nearly  to  the  bottom  of  the  flask.  The 
aqueous  yapour  and  the  volatile  substances  pass  out  through  the 
tube  d,  and  alter  being  condensed  in  e,  are  receiyed  in  the 
flask  g,  whilst  the  non-volatile  portion  remains  in  the  flask  a.  When 
solid  substances  are  operatedupon,the  loug  glassrod/,  which  is  fitted 
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to  the  condenser  by  means  of  a  short  piece  of  caoiitcliouc  tube^ 
8en*es  to  clear  out  any  obstruction  which  might  be  caused 
by  the  condensation  of  the  solid  in  the  tube  The  safety 
tube  e  reaches  to  within  about  an  inch  of  the  bottom  of  the  tin 
can  b. 

(1032)  Ultimate  Analysis. — Scrupulous  attention  to  the 
purity  of  the  matter  submitted  to  analysis  is  of  course  of  primary 
importance,  a  veiy  slight  admixture  with  other  compounds  being 
snfllcicmt  to  ritiate  the  conclusions  dedudUe  from  the  experi- 
ments. Having  by  suitable  means  ascertained  the  purity  of  the 
substance  to  be  analysed,  the  next  care  b  to  insure  its  complete 
desiccation.  Solids  should  be  finely  powdered  and  dried  in  the 
hot  water  oven,  if  they  are  not  decomposed  at  loo^  (%\^  F.) ; 
otherwise  they  must  be  dried  in  vacuo  at  the  <nrdiuary  tempera- 
ture over  sulphuric  acid.  Volatile  liquids  that  are  unchanged  by 
distillation  should  be  allowed  to  stand  for  two  or  three  days 
upon  frag^nicnts  of  fused  calcic  chloride  ;  the  liquid  should  then 
be  decauted  and  distilled  in  a  small  retort.  In  the  examination 
of  fats  or  fixed  oils,  it  is  more  convenient  to  dry  the  material  ia 
a  watch-glass  i)laced  in  an  ordinary 
water-bath,  or  by  exposing?  them  to  a 
temperature  of  from  100°  (212"^  F.)  to 
I2C  (248''  Y.)  in  a  irahr  oven  or  box  of 
sheet  copper,  made  double,  as  shown  in 
fijr.  383  ;  a  being  an  aperture  for  the 
introduction  of  water  or  of  oil  into  the 
space  between  the  external  and  in- 
ternal plates,  the  heat  being  supplied  by 
a  gas  flame  below,  and  the  temperature 
being  regulated  by  a  thermometer  in- 
troduced into  the  liquid  through  the 
opening  at  a,  fiy  weighing  the  sub- 
stance before  and  after  diying,  the  loss  which  it  experiences  can 
be  accurately  ascertained. 

If  the  mlMtaiiet  la  very  hygroscopic  tlie  apparatos  shown  in  fig.  384  may  be 
fmployed.   a  nprcsents  a  bent  ghus  tobe,  for  the  reoeptkm  of  tiM  Mibetaiioe  to 

be  dried ;  B  is  a  veAel  of  gla.ss  ur  of  metal,  oontaining  water  or  oil,  or  Mome  saline 
solution  ;  c,  an  aspirator,  by  which  a  current  of  atmoKplieric  air  can  be  main- 
tained through  tlie  ajjpHrutus ;  and  d,  a  bent  tube  filled  with  frnj^nu'iits  of 
pumice-stoDe,  soaked  in  bulphuric  acid,  fur  drying  the  air  as  it  enters.  Tliu  tube 
A  vitb  its  eootents  is  weighed  at  the  banning  of  the  operation,  and  the  desie* 
estion  most  be  conttniied  notil  it  oesses  to  lose  weight 


If  the  desiccation  be  effected  in  the  water  oven,  the  gronnd 
iiatch  glasses  which  contain  the  compound  should  be  allowed  to 
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cool  under  a  bell  glass,  over  a  dish  of  sulphuric  acid  or  calcic 
chloride. 

Fio.  384. 


(1033)  Deiermination  of  Carbon,  Hydrogen  and  Nitroyen. — 
Most  organic  compounds  consist  of  carbon,  hydrogen,  oxygen, 
and  sometimes  nitrogen,  so  that  the  operation  of  organic 
analysis  resolves  itself  mainly  into  the  accurate  quantitative 
determination  of  these  elements.  We  are  indebted  to  Gav- 
Lussac  and  Thenard  for  the  fundamental  principle  that  regulates 
our  operations  in  this  respect,  although  the  process  proposed  by 
them  has  subsequently  been  modified  and  improved  by  many 
chemists,  especially  by  Bcrzelius,  De  Saus^sure,  Prout,  and  Liebig. 
It  was  by  the  last  named  eminent  philosopher  that  the  method 
now  in  general  use  was  contrived. 

The  object  of  the  operation  being  to  determine  the  relative 
proportion  in  which  each  of  the  elements  occurs  in  the  compound 
under  examination,  it  is  necessary  for  the  success  of  the  analvtieal 
process  that  these  elements  should  cither  be  separated  in  a  state 
of  purity,  or  obtained  in  the  form  of  definite  compounds  that  can 
easily  be  collected.  In  practice  it  has  been  found  most  con- 
venient to  supply  the  substance  to  be  analysed  with  a  quantity 
of  oxygen  sufficient  to  convert  the  carbon  which  it  contains  into 
carbonic  anhydride,  and  the  hydrogen  into  water.  An  arrange- 
ment is  made  for  estimating  the  water,  by  causing  the  evolved  gases 
to  pass  over  a  substance  which  has  a  powerful  attraction  for  it, 
such  as  calcic  chloride  or  pumice  moistened  with  sulphuric  acid, 
whilst  the  carbonic  anhydride  is  absorbed  by  means  of  a  solution 
of  potassic  hydrate ;  when  the  amount  of  nitrogen  has  to  be 
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ascertained  it  is  cither  measured  over  mcrcurv  in  the  form 
of  gas,  or  dctcrmiued  as  ammonia.  In  the  hitter  case,  the 
substance  to  be  analysed  is  mixed  with  soda-lime,  and  heated  ; 
all  the  nitrogen  is  thus  eonverted  into  ammouia,  in  which  form 
it  admits  of  being  readily  estimated. 

The  amount  of  carbonic  anhydride,  water,  and  a.nmouia 
being  known,  it  is  c.isv  to  find  bv  calculation  the  wei;:ht  of  the 
carbon,  hydrogen,  and  nitrogen  respc'ctivcly  contained  in  them. 
The  iiuantitv  of  oxygen  which  tlie  substance  contains  may  be 
known  by  deducting  the  united  weight  of  the  carbon,  hydrogeu, 
and  nitrogen,  from  the  total  weight  of  the  body  analysed,  sup- 
posing  no  other  elements  to  haye  been  present. 

The  method  employed  for  the  analysis  will  vary  accord- 
ing to  the  nature  and  composition  of  the  substance  to  be 
examined. 

We  shall  first  describe  the  methods  of  analysing— 

1.  A  solid,  which  does  not  contain  nitrogen. 

2.  -\  li(j7nd,  which  docs  not  contain  nitrogen. 

3.  A  sub^itance  which  does  contain  nitrogen. 

(1034)  Analysis  of  a  Soiid  not  eantaimng  Nitrogen* — gas 
is  now  so  readily  obtainable  it  is  almost  universal  ly  used  in  the 
furnaces  employed  for  organic  analysis.     Many  forms  of  gas 

furnace  for  this  purpose  have  been  devised,  diBcring  considerably 
in  detail,  but  that  originally  proposed  by  Hofmann  is  perhaps  the 
most  generally  useful  in  an  ordinary  laboratory.  Its  general  ar- 
ran^^Muent  is  represented  at  2,  tig.  385.  A  firm  cast  iron  stand 
supports  the  body  of  the  furnace  shown  in  section  at  3.  The 
gas  issues  through  a  number  of  minute  holes  in  the  fire  clay 
burners  of  which  there  are  five  rows,  those  in  the  centre  row  on 
which  the  combustion  tube  rests  being  shorter  than  the  others  ; 
the  amount  of  gas  supj)lied  to  the  fire-clay  burners  through  the 
tubes  d  d,  can  be  easily  regulated  by  means  of  the  stopcocks. 
The  sides  of  the  furnace  arc  formed  of  tiles,  /,  some  of  which  are 
rem«)yed  to  show  the  arrangement  of  the  burners ;  other  tiles  g, 
which  are  moveable,  can  be  placed  at  pleasure  on  the  top  of  the 
furnace  to  assist  in  regulating  the  temperature. 

Charcoal  m  OoeasioiraUy  ased  where  gas  (»innot  be  obtained :  the  best  form  of 
fumaite  for  this  i«  reprtMenttd  at  r,  fig.  386  :  it  in  maJe  of  stout  slicct-iroii  bent 
into  the  form  of  a  trou^rh,  open  at  one  end  ;  the  plate  which  close?*  the  other 
end  is  periuiated  with  an  aperture  three-quarters  of  an  inch  in  diaiueter, 
to  aiu»w  the  patwage  of  ths  Mfnbwtiim  tabs  I  llw  fbrasoft  is  sboat  20  inches 
long,  5  inches  wide  at  top,  sf  inohes  st  bottom,  sad  3  iaehM  high  2  or  about 
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50  emtioMtrM  Imgi  13  cm.  wide  at  top,  7  cm.  at  bottom,  and  8  cm.  liigli. 
Transvewc  slits  are  made  at  int<^rvals  of  2  inches  alon^,'  tho  botto  n  of  tho 
trough  for  the  admiMion  of  air,  and  in  each  of  the  spaces  between  these  slits 'm 


Fio.  386. 


rireled  m  vertieal  utiff  piece  of  aheet'mm,  i  inoh  bigh,  tmninstitg  to  a  eoneaTe 
edge  abnv«,  for  the  sapport  of  tiie  oombustioii  tube.  Durii^  tbe  operatioo,  the 
Amee  maj  reit  on  brMBke,  y,^. 

The  cnmhnstwn  or  retort  tube  a  b,  fio^.  386,  in  which  tlie 
mixture  is  ])nriied,  is  about  24  inches  lon^  and  of  an  inch  iu 
diameter  (60  ceuti metres  long  and  9  millimetres  in  diameter) ;  it 
is  made  of  glass  of  difficult  fusibility  and  firee  from  leady  such 
'  as  tbe  bard  Bohemian  glass.  The  tube  is  generally  drawn  out 
into  a  fine  but  strong  tail  bent  upwards  at  an  obtuse  angle,  and 
the  mouth  should  be  smoothed  by  fusing  it  io  the  flame  of 
the  blowpipe^  so  that  the  cork  may  not  be  torn  in  ad- 
justing it. 

The  water  is  collected  in  a  tube^  e,  filled  with  calcic  chloride. 
At  if  is  a  small  bnlb,  in  which  the  greater  part  of  the  water 
becomes  condensed^  and  may  be  emptied  out  as  soon  as  the  tube 
has  been  weighed ;  if  this  is  done  the  calcium  chloride  will  last 
for  a  large  number  of  operations  without  requiring  to  be  renewed. 
Tbe  calcic  chloride  must  not  be  fused,  but  should  be  prepared  by 
evaporating  the  solution  of  the  chloride  to  dryness  by  a  strong 
sand  heat ;  a  porous  mass  is  thus  obtained,  which  absorbs  the 
aqueous  vapours  more  readily,  and  at  the  same  time  does  not 
expand  like  the  fused  variety  to  the  destruction  of  the  tube  that 
contains  it.    The  cork  through  which  passes  the  short  tube  by 
which  the  drying  tube  e  is  connected  with  tbe  potash  bulbs  /,  and 
which  may  consist  of  a  short  piece  of  caoutchouc  tu])ing,  should 
be  trintnu'd  close  to  the  large  tube  and  covered  neatly  with 
melted  sealing-wax  ;  and  lastly,  air  should  be  drawn  through  the 
apparatus  to  ascertain  that  no  obstruction  exists.  Pumice-stone 
moistened  with  concentrated  sulphuric  acid  may  sometimes  be 
a<lvantajreouslv  substituted  for  calcic  chloride  in  the  drvinjr  tul)e. 
The   connexion   between  this  tube  and  the  combustion  tube, 
a  6,  is  effected  by  means  of  a  sound  elastic  cork^  or  a  plug  of 
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vulcanized  caotitcbouc,  whicli  is  made  to  close  the'  mouth  of 
the  tube  accurately ;  it  is  pierced  with  a  round  file^  and  fitted 
firmly  upon  the  fine  tube  proceeding  from  the  bulb  d  of  the  dryiug 
tube ;  the  cork  should  be  dried  on  the  sand-bath  immediately 
before  the  apparatus  is  mounted. 

The  solution  of  potassic  hydrate  employed  in  the  potash  bulbs, 
/,  should  have  a  sp.  gr.  of  from  1*25  to  1*27,  and  must  be  renewed 
every  two  or  tlirco  experiments.  To  the  free  end  of  tlic  potash  bulbs, 
a  tube  A,  filled  with  fragments  of  potassic  hydrate,  is  adjusted  by 
means  of  a  cork  ;  this  is  weighed  with  tlie  bulbs,  and  is  employed 
to  dry  the  nitrogen  and  other  gases  whieh  eseapc  during  the 
eourse  of  the  analysis.  A  far  better  form  than  the  ordinary 
Licbig's  bulbs  are  those  devised  by  Geisslcr  and  represented  at  k, 
fig.  38-;,  where  the  gas  passes  sucetssively  througli  three  distinet 
bulbs,  eaeh  of  which  contains  a  solution  of  potassie  hydrate;  the 
arrangement  can  be  easily  understood  irom  au  inspection  of  the 
figure. 

The  compound  generally  used  for  supplying  oxygen  to  the 
substance  to  be  burned  is  cnpric  oxide,  which,  although  it  is  not 
decomposed  when  heated  alone,  yet  readily  imparts  oxygen  to 
the  carbon  compound  heated  in  contact  with  it.  It  is  con- 
veniently prepared  by  dissolving  copper  in  pure  nitric  acid,  eva- 
poratinj;  to  dryness,  and  (leeomposing  the  nitrate  by  heating  it  in 
an  earthen  crucible  until  red  fumes  cease  to  appear.  It  should  be 
strongly  heated,  otherwise  it  is  very  hygroscopic,  but  care  must 
be  taken  that  the  temperature  is  not  so  high  as  to  cause  incipient 
fusion  ;  in  this  case  it  becomes  agglutinated,  and  requires  pound- 
,  ing  in  an  iron  mortar  to  pulverize  it.  The  powdered  oxide 
should  be  sifted  through  a  fine  copper  ganse  sieve,  and  preserved 
in  stoppered  glass  bottles.  Sometimes  it  is  convenient  to  use  the 
granular  semifused  cupric  oxide  produced  by  strongly  heating 
copper  in  a  current  of  air  in  a  muffle. 

Immediately  before  each  analytical  operation,  a  sufficient 
quantity  of  cupric  oxide  is  to  be  ignited  in  a  crucible,  and  wliiie 
still  very  hot,  transferred  to  a  dry  tube,  by  plunging  the  mouth 
of  the  tube  into  the  oxide  iu  the  crucible,  and  then  by  a  turn  of 
the  wrist  causing  a  portion  of  the  oxide  to  enter  the  tube  ;  re- 
peating the  operation  until  the  tube  is  nearly  full  :  when  the 
mouth  is  no  longer  too  hot  it  should  be  closed  with  a  dry  cork, 
and  allowed  to  cool.  Meantime  the  interior  of  the  combustion 
tube  is  to  be  dried  completely  by  heating  each  portion  of  it  in 
succession,  beginning  at  the  o})en  end,  whilst  drawing  air  through 
it  by  means  of  a  narrower  tube  passed  down  just  beyond  the 


Digitized  by  Google 


FILUNG  COMBUSTION  TUBE. 


17 


heated  part.     ^Vheu  every  part  lias  tlius  been  dried,  the  com- 
bustiou  tube  is  to  be  eorkcd  and  allowed  to  eool. 

Five  or  six  grains,  or  about  o'3    J^rm.,  of  the  substrmee 
arc  usually  euoufrh  for  analysis.     The  wateh  I'huses  eontaiuin;; 
the  substanee    should  be   carefu.ly  weiiihed,  and    after  the  re- 
quisite quantity  has  been  taken  out  and  mixed  with  the  cupric 
oxide  in  the  manner  described  below,  the  glasses  must  be  closed 
with  the  clip  and  again  weighed.    Great  care  should  be  taken  in 
charging  the  combustion  tube.    Cupric  oxide  to  the  depth  of 
about  an  ineh  (2*5  centimetres)  is  first  poured  into  it ;  after 
irhich  a  small  quantity  of  the  oxide  is  to  be  put  into  a  hemi- 
spherical glass  dish  resting  on  a  sheet  of  glaz(  d  ])riper,  then  the 
substance  to  be  analysed,  then  more  oxide.    This  dish  must  be 
thoroughly  cleaned  and  rinsed  out  with  a  little  of  the  oxide  pre- 
yionsly  to  being  used,  and .  the  interior  of  it  should  on  no  ac- 
count be  touched  with  the  fingers^  as  the  finer  portions  of  the 
cnpric  oxide  would  be  sure  to  adhere  in  those  places.    The  mixture 
must  be  made  quickly  and  carefully  by  means  of  a  thin  flexible  steel 
spatula,  as  much  oxide  being  employed  as  will  be  sufficient  to  fill  a 
little  more  than  half  the  combustion  tube.   The  dish  is  now  to  be 
taken  in  the  palm  of  the  left  hand,  and  the  mixture  introduced  by 
scooping  it  up  into  the  tube  with  a  peculiar  turn  of  the  wrist,  which 
can  easily  be  acquired  after  a  little  practice.    The  last  portions  of 
the  mixture  are  most  easily  introduced  by  transferring  them  to  a 
highly  gla/A'd  eard,  and  pouring  them  from  it  directly  into  the 
combustion  tube.    The  dish  is  then  washed  out  two  or  three 
times  sueeessively  \\ith  small  fpiantities  of  the  oxide  in  order  to 
remove  the  last  traces  of  the  mixture,  the  washings  being  intro- 
dueed  into  the  tube  in  the  manner  just  dcseribed  :  the  combustion 
tube  is  finally  to  be  filled  up  with  pure  euprie  oxide  to  within  two 
inehes  (  -  eentimetres)  of  the  extremity.     Instead  of  a  ^^lass  dish 
and  steel  spatula,  an  ordinary  poreclaiu  pestle  and  mortar  may  be 
used,  but  it  is  not  so  convenient :  sometimes  also  when  many  , 
tubes  have  to  be  filled,  and  it  is  desired  to  save  time,  the  mixture, 
washings,  &c.,  may  be  poured  into  the  combustion  tube  through  a 
dean  bright  copper  funnel. 

The  proportions  of  the  mixture  are  represented  at  i,  fig.  385,  in 
which  the  portion  from  the  tail  of  the  tube  to  the  letter  a  consists 
of  pure  cnpric  oxide  ;  that  from  a  to  ^  of  the  mixture  ;  that  from 
6  to  c  of  Uie  rinsiugs  of  the  mortar,  and  the  pure  oxide.  The 
tube  baring  been  closed  by  a  cork' is  to  be  tapped  gently  on  the 
table,  so  as  to  clear  the  tail-like  prolongation,  and  make  an  air- 
way above  the  oxide  from  end  to  end. 

♦  c 
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Banaen  hu  introdneed  some  sliglit  modificationa  of  Liebig'i  roetiiod  whieh 

are  very  convenient,  especially  for  hydroscopic  hubstancen.  The  Piibstance  to  be 
burnt  is  weighed  in  a  long  narrow  tube,  which  can  be  closed  by  a  cork  or  ground 
stopper,  and  I'roui  whiclj  it  is  transferred  direcll}'  to  the  combustion  tube.  AUmt 
4  inches  (10  ccutimetres)  of  oxide  are  introduced  into  tlie  latter,  the  compound 
to  be  bnrnt  ia  then  poured  in  from  the  weighing  tube,  then  4  inchea  more  of 
cnprio  oside.  In  order  thoroughly  to  mix  the  Bubatance  with  the  oxide, 
thn  two  are  stirred  up  together  in  the  combustion  tube  by  means  of  a  long  bright 
iron  wire,  having  one  end  pointed  and  twiiited  like  a  corkscrew,  and  the  other 
bent  into  a  ring  to  serve  as  u  handle.  Finally  the  tube  is  filled  up  with  pure 
oxide  as  tmial. 

The  drying  tube  e,  fig.  386,  haviog  been  accurately  weighed,  is 
next  to  be  fitted  to  the  caoutchouc  plug  or  dried  perforated  cork, 
and  eounccted  l)y  it  air-tight  to  the  tube  a  b  c.  The  combustion 
tube  is  now  jjhiced  in  the  furnace,  and  tlic  potash  apparatus  /,  also 
previously  weighed,  is  attached  to  tlic  drying  tube  by  means  of  a 
connecting  piece  of  caoutchouc,  care  being  taken  tliat  the  largest 
bulb  is  on  the  arm  connected  with  the  drying  tube.  If  Liebig's 
potash  bulbs  be  used  they  should  be  slightly  inclined  by  placio^ 
a  cork  under  tlie  end  of  the  horizontal  jx^rtion  nearest  the  open 
extremity.  Matters  being  thus  arranged,  the  next  thing  is  to 
ascertain  if  the  whole  apparatus  be  tight,  and  for  this  purpose  the 
air  in  the  large  bulb  is  to  be  gently  heated  so  as  to  expel  a  few 
bubbles ;  if^  on  coolings  the  liquid  rises  in  the  limb  and  maintains 
its  elevation  steadily  for  a  few  minutes,  the  combustion  may 
safely  be  begun.  A  screen  of  iron  plate  is  hung  oyer  the  end  of 
the  furnace  nearest  the  absorption  apparatus  to  protect  the  cork., 
care  being  taken  that  the  heat  neyer  rises  so  high  as  to  scorch  it, 
or  falls  so  low  as  to  allow  of  the  condensation  of  moisture  in  that 
part  of  the  tube  which  projects  from  the  furnace. 

The  portion  of  the  tube  nearest  the  cork,  where  the  pure 
cupric  oxide  lies,  is  first  heated ;  as  soon  as  it  is  red  hot  and  the 
escape  of  air  due  to  expansion  has  ceased,  about  an  inch  more  of 
the  tube  may  be  heated ;  when  this  has  become  red  hot,  heat  is 
applied  to  a  fresh  portion,  proceeding  gradually  and  slowly  in 
this  manner  to  heat  the  whole  length  of  the  tube.  Wlicn  the 
heat  rcaclu  s  the  rinsings  of  the  dish,  a  little  cai  bonic  anhydride 
and  aquL'ous  vapour  are  evolved,  but  as  soon  jus  tiie  niixturtM)f  the 
su])stan('e  with  the  cupric  oxide  begins  to  deconiposc  the  g;is 
comes  oir  mueh  more  rai)idly,  and  the  heating  should  be  so 
re;;nlated  tliat  not  more  than  one  or  two  bubl)Ies  pass  into  the 
polash  apparatus  in  a  second.  At  first  only  a  small  portion  of 
the  escaping  gas  is  absorbed,  but  when  the  substance  is  fairly 
undergoing  decomposition,  and  the  atmospheric  air  in  the  ap- 
paratus has  beeu  expelled,  the  gas  is  almost  entirely  taken  up  by 
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the  potassic  hydrate  solution.  Even  after  the  whole  tube  is  ignited, 
the  heat  must  be  continned  until  gas  ceases  to  be  disengaged. 
The  liquid  will  then  gradually  recede  into  the  large  bulb ; 
as  soon  as  this  is  observed^  the  gas  should  be  turned  off,  or  the 
eharooal  remored  from  the  tail  of  the  tube,  and  when  the  solu- 
tion of  potassic  hydrate  has  risen  sufficiently  to  fill  half  the  large 
bulb,  the  tip  of  the  tail  must  be  nipped  oif :  gentle  suction  is  now 
to  be  effected  by  means  of  the  aspirator  or  the  mouth  adapted  to 
the  free  extremity  of  the  potash  apparatus  by  a  tube  of  ▼ulcanised 
caoutchouc,  and  air  drawn  through  the  combustion  tube  in  order 
to  displace  the  carbonic  anhydride  and  aqueous  vapour  which  the 
apparatus  contains. 

If  the  combustion  tube  is  not  of  very  hard  glass,  and  it 
be  allowed  to  become  very  hot,  the  pressure  of  the  gas  may 
sometimes  be  sufficient  to  distend  the  tube,  aud  even  to  blow 
a  hole  m  the  side.  This  necessarily  renders  the  oxporiment 
valueless,  and  in  order  to  avoid  such  a  mishap  it  is  advisable  to 
render  the  pressure  in  the  interior  of  the  comhustiou  luhc  the 
same  as  that  of  the  atmosphere,  or  even  to  produce  a  partial 
vacuum.  This  is  ea^ily  efl'ected  hy  means  of  an  aspirator,  a 
simph'  form  of  which  is  represented  in  fi'^.  385  ;  /  is  a  tubuhited 
])ottle  tilled  with  water,  and  connected  with  the  absorption  ap- 
paratus, h  k,  hy  means  of  a  caoutchouc  tul)e  ;  from  the  tuhulure 
a  flexible  tube  passes  into  the  l)eakcr  0,  placed  in  the  bottom  of 
a  funnel,  n,  supported  on  tlie  t'uv^  of  a  tripod  stand,  by  which  it 
can  be  raised  or  lowered.  The  tube  m  serves  as  an  indicator  of  the 
amount  of  exhaust  produced  by  the  aspirator,  which  is  the  difference  , 
between  the  level  of  the  water  in  /  and  that  in  0,  or,  what  is  the 
same  thing,  the  difference  between  the  surface  of  the  water  in  the 
bottle  i  and  that  in  the  lube  m.  This  column  should  be  some- 
what greater  than  that  which  the  gas  has  to  overcome  in  passing 
through  the  liquid  in  the  potash  bulbs. 

DuTnan  prefers  to  rnnnprt  the  extremity  of  the  (•onibii.>.{ii)n  tubewitli  a  ilryiiii^ 
tabe.aud  tliiit  aj^ain  with  a  receiver  containing  oxygen,  whicU  gaa  ih  cuivl  ally  drivea 
ov«r  the  ooittenU  of  the  tube  in  the  meoDer  •hown  in  a  former  volume,  fig. 
.  306,  pRrt  II ,  Pi  123.  This  render*  the  operation  somewhat  more  complicated,  - 
bat  it »  more  exact,  eepecially  for  compounds  where  the  pro]>ortiun  of  carbon  is 
great.  The  Inbc  for  Hupplyinfj  oxyjjcn  is  eanily  adjusted  to  the  conibusiioii  tube 
by  drawing  out  tlif  tail  liorizuntally  iiihteml  of  obliquely,  and  fitting'  it  on  liy  a 
caoutchouc  connector,  care  being  taken  to  screen  the  junction  from  the  inilucnoe 
of  heek  Inttead  of  merely  completing  the  operation  by  pacing  oxygen 
tbrottgh  the  tube  in  tlie  manni  r  described,  it  is  very  convenient  when  manyoom- 
butttions  have  to  be  made  to  burn  the  subst  tuce  in  a  platinum  boat,  in  a  current 
of  ox vl:  n.  as  i»h(»\vn  in  fi%'.  3^5.  Kor  tlii.s  purpose  the  combustion  tube  i.?  0{)en 
at  both  endn,  one  end  beinj^  cuuuect/cd  with  the  U2«uai  abeorptioD  a^iparatuti,  h  k,  the 
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other  with  a  drying  appmtoB,  oonsisting  of  a  series  of  tabes,  h,  oontabing 
soda  lime  or  potassic  hydrate,  and  the  bulb  c,  containing  sulphuric  acid,  through 

which  a  current  of  air  or  oxygen  can  be  tmnsmitted  at  pleasure  from  the 
gasholder  a.  About  two-thirds  of  the  lpn<;th  of  the  combustion  tube  nearest  the 
abiioiption  apparatus  is  filled  with  granular  cupric  oxide,  whicii  in  kept  iu  its 
piece  by  a  pi  ug  of  eebeetoe.  The  eubetenee  to  be  burnt  is  contained  in  a  platinum 
boat,  which  is  poshed  into  the  tube  doee  to  the  asbestos  plug.  As  soon  as  the 
fore  pari  of  the  tube  ix  heated  to  redness,  and  the  heat  is  approaohing  that  part 
wluTL'  the  platinum  boat  is  plaml,  a  gentle  current  of  oxygen  is  passed,  and  the 
s»ilist:ince  cautiously  luirnt.  \S  hen  this  is  comjileted  the  oxygen  is  turned  off, 
and  a  tslow  current  ot  atnioHpheric  uir  passed  uniil  the  apparatus  is  cool.  With 
this  method  the  same  tube  will  answer  for  sereral  oombustions. 

The  absorption  apparatus  is  now  disconnected,  and  allowed  to 
cool.  In  about  an  hour  tlie  drying  tube  e  may  be  weighed ;  one- 
ninth  of  the  g^in  which  it  has  experienced  indicates  the  quantity 
of  hydrogen  contained  in  the  compound  analysed;  the  potash 
apparatus/^  is  also  to  be  weighed^  and  three-elevenths  of  what  it 
has.  gained  shows  the  quantity  of  carbon.  The  deficiency  is 
reckoned  as  oxygen. 

The  cupric  oxide,  after  having  been  used  several  times,  re- 
quires to  be  re-oxidized  by  moistening  it  with  nitric  acid,  and 
igniting  it  as  before  described. 

In  cases  where  chlorine,  bromine,  iodine,  or  sulphur  is  pre- 
sent in  the  compound  to  be  analyi^cd,  phimbie  ckromaie,  PbCrO^ 
may  be  advantageously  substituted  for  the  cupric  oxide,  as  chloride, 
bromide,  and  iodide  of  copper  are  somewhat  volatile,  and  would 
be  carried  by  tlic  current  of  gas  into  the  drying  tube,  whilst 
with  cuj)nc  oxide  the  sulphur  ])rcsiiil  would  puss  over  as  sul- 
phurous anhydride  into  the  potash  bulbs.  The  ehroraate  is  also 
useful  with  substances  dilhcult  of  combustion,  since  by  a  bright 
red  heat  alone  it  gives  otl'  a  portion  of  its  oxygen  ;  moreover, 
it  has  the  advantage  of  being  less  hygroscopic  than  cui)ric 
oxide.  It  is  easily  prepared  by  precipitating  potassie  chrouiate 
or  dichromate  with  a  solution  of  plnnd)ic  acetate,  and  shotild  be 
well  washed  and  heated  to  incipient  fusion  before  Iking  used  for 
analysis.  It  is  then  reduced  to  fine  powder,  and  employed  in 
the  same  way  as  cupric  oxide,  but  it  is  not  necesdary  to  have  the 
*  combustion  tube  so  long,  and  the  anterior  portion  of  the  tube 
should  never  be  heated  higher  than  a  dull  red,  so  as  to  avoid 
fusing  the  chromate  there.  It  is  frequently  advantageous  to  mix 
the  substance,  especially  if  very  difficult  to  burn,  with  plumbic 
chromate  and'  a  small  quantity  of  potassie  dichromate,  Kfirfij, 
which  fuses  readily  and  ensures  its  complete  combustion,  the  rest 
of  the  tube  being  filled  with  plumbic  chromate.  The  potassie  '* 
dichromate  employed  for  this  purpose  should  always  be  care- 
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fiiUy  reerjstallised  to  make  certain  that  no  organic  matter  is 
present. 

(1035)  Analt/su  of  a  Liquid  not  containing  Nitrogen. — If  the  liquid  be 
9olaiUe,  s  piece  ^  tube  nther  len  than  a  quarter  of  an  inch  or  6  millim.  in 
diameter  i>  to  be  heated  in  the  blowpipe  flame,  and  drawn  oat  into  a  a^iUaiy 
poitioo,  a,  fig.  387,  about  fbur  inehee  (10  centimetiea)  long :  about  a  quarter  of 


Fio.  387, 


an  indi  below  this  the  tube  is  to  be  sealed,  and  the  little  piece  of  tubo,  b,  thus 
left  conrifcicd  with  the  capillary  part,  lieated  and  blown  into  a  umall  bulb  about 
as  big  as  a  pea ;  lliis  is  to  be  cut  otT,  leaving  a  capillary  neck  of  alxiut  two 
inches  (5  centimetres)  long.  Uaviug  made  a  sufiicient  number  of  tliese  xmall 
bulbs,  two  of  them,  whieh  it  baa  been  aaoertuned  will  freely  enter  the  oombus- 
tion*tnbe,  aro  to  be  aoearstely  weighed ;  a  little  of  the  liquid  to  be  analysed  is 
to  be  put  into  a  small  tube,  and  the  oqjiillary  neck  of  the  bulbs  inverted  into  the 
liquid.  The  bulbs  are  then  to  be  warmed  by  the  (lame  of  a  spirit-lamp,  so  as 
to  expand  and  drive  out  a  portion  of  the  air;  011  coolin<^.  the  liquid  will  enter 
the  bulUi,  which  should  be  about  three- fuurlhi*  filled.  Ti>e  necks  are  now  to 
bo  sealed  by  the  blowpipe  flame,  and  the  bolbe  agun  w^ghed  ;  the  increase  of 
weight  gives  the  quantity  of  the  liquid  which  is  to  be  analysed*  The  enpric 
oxide  having  been  heated  and  allowed  to  cool  with  the  usual  precautions,  abot-.t 
an  inch  and  a  half  (36  millimetres)  of  the  coml)u^tion  tulic  i?,  to  be  lillod  witii 
pure  oxide;  next  a  scratch  is  to  be  niade  with  a  tile  or  kiiiie  a<uos.s  the  capillary 
neck  of  one  of  the  bulbs,  and  the  bulb  having  been  placed  in  the  tube,  the  neck 
la  to  be  broken  by  preesure  against  the  glass,  and  the  broken  portion  of  the  neck 
to  be  drop{)ed  in  with  the  bidb;  dried  cupric  oxide  Ia  then  to  be  poured  in  to 
the  depth  of  two  inches  more;  the  second  bulb  is  to  be  introduced  in  the  same 
manner  as  the  first,  and  tite  tube  is  to  be  filled  up  with  oxide;  after  which  it  is 
to  be  corked  and  struck  smarUy  upon  its  side  on  the  table,  to  secure  free  air- way. 
The  abamrption  apparatus  is  now  attached  and  the  combuation  tube  adjusted  in 
ths  fiuaaee,  and  the  first  half  of  the  tube  gradually  heated ;  when  this  is  red- 
hot,  the  Uqoad  must  be  volatilized  by  cantioasly  heating  the  part  of  the  tube 
where  the  nearest  bulb  lie-*,  takint;  especial  care  not  to  raise  the  teniperatiire  too 
rapidly:  when  by  de;jfrees  all  the  liquid  in  the  first  bulb  has  been  exi>elled,  the 
other  is  to  be  proceeded  with  in  like  manner ;  the  whole  length  of  the  tube  is 
fioslly  hsated,  and  the  gases  are  driven  out  of  the  apparatus  by  mesns  of  a  cur* 
rent  of  osygen  in  the  maonsr  already  described. 

This  precaution  is  necessary  with  subntanccs  which  contain  a  relatively  large 
proportion  of  carlxm,  as  they  would  otherwise  escape  complete  combustion. 
Instead  of  employing  oxygen  gas,  some  finely  pulverized,  carefully  dried 
potassic  chlorate  may  be  mixed  with  about  four  times  its  weight  of  cuprie  oxide, 
and  about  an  inch  of  the  combustion  tube  near  a  (fig.  386)  may  be  filled  with  it; 
the  tail-like  prolongation  may  in  this  case  be  dispeued  with.  At  the  close  of  the 
0]><M-:itinn,  in>teitd  uf  suckin<^  air  through  the  apparatus,  heat  is  to  be  very 
(■;iut i()u>ly  apiilietl  to  the  chlorate;  the  oxygen  that  is  evolved  burns  the  last 
traces  ol  carbon  and  displaces  the  gas  and  aqueous  vapour  contained  iu  the 
tabes.  Hie  heat  rousttiot  be  too  saddeoly  applied,  for  if  it  be,  a  porliou  of  the 
chlorate  is  apt  to  be  carried  forward  mechanically,  a  cireomatanoe  which  consti- 
tutes tbs  ohiaf  otgeotion  to  its  um. 
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If  the  liqnid  be  mot  volatile  it  may  be  weighed  in  a  small  tube  the  weight 

of' which,  when  empty,  is  kuown,  and  after  the  tube  with  ita  contents  hati  been 
introduced  into  the  combustion  tube,  the  liquid  is  to  be  distributed  over  the  sides  of 
this  tube  ;  or  it  may  be  weighed  in  bulbs  like  volatile  liquids,  and  these  after  their 
introduction  into  the  combustion  tube,  are  crushed  by  dropping  on  them  a  short 
pointed  piece  of  glaia  rod  about  an  inch  Ioog»  anbeequently  filling  in  the  cuprio 
oxide  in  the  osoal  manner. 

(1036)  Analysis  of  a  Body  containing  Nitrogen. — The  presence 
of  nitrogen  in  an  organic  compound  may  generally  be  ascertained 
by  mixing  a  small  quantity  of  it  with  some  solid  potassic  hydrate, 
and  heating  it  in  a  test  tube  :  if  nitrugcn  be  present,  vapours  of 
ammonia  will  he  evolved.  The  nitrogen  in  certain  organic 
substances,  however,  cannot  be  readily  detected  in  this  manner  : 
for  instance,  in  cyanogeii  compounds,  nitro-substitutiou  com- 
pouuds,  and  such  bodies  as  indigo  and  the  alkaloids  which  yield 
volatile  organic  bases  by  the  action  of  an  alkali.  The  best  method 
in  these  cases  is  to  beat  some  of  the  compound  under  examination 
with  metallic  sodium.  A  violent  action  usually  takes  place, 
accompanied  1)y  deposition  of  carbon,  whilst  the  nitrogen  and  a 
portion  of  the  carbon  combines  with  the  sodium,  forming  sodic 
cyanide.  On  dtssolving  the  product  in  water,  filtering,  and  adding 
a  tew  drops  of  a  mixed  solution  of  ferric  and  ferrous  sulphates, 
potassic  ferrocyanide  is  formed.  The  addition  of  an  excess  of 
hydrochloric  acid  dissolves  the  precipitated  oxide  of  iron,  which 
now  forms  Prussian  blue  with  the  ferrocyanide.  The  presence  of 
very  small  quantities  of  nitrogen  can  be  ascertained  by  these 
means. 

When  nitrogen  is  present,  two  separate  analyses  are  required  .: 
the  first,  to  determine  the  proportion  of  carbon  and  hydrogen  ; 
and  the  second,  to  ascertain  the  amount  of  nitr(}gcn.  In  maJdng 
a  determination  of  the  carbon  and  hydrogen  in  bodies  containing 
nitrogen  by  burning  them  with  cupric  oxide,  a  variable  proportion 
of  the  lower  oxides  of"  nitrogen  is  formed,  which  being  aljsorbed 
by  the  calcic  chloride,  or  by  the  potassic  hydrate,  would  render  the 
analysis  incorrect.  A  slight  variation  in  the  method  employed  be- 
comes necessary  in  order  to  prevent  this.  The  combustion  tube  must 
be  longe  r  than  when  there  is  no  nitrogen  present,  and  should  be 
ehargrtl  as  usual  to  within  6  iuches  (15  centimetres)  of  the 
opening,  finally  introducing  about  4  inches  (10  centimetres)  of 
copper  turnings,  or  a  roll  of  fine  copper  wire  gauze  of  the  same 
length.  The  copper,  just  before  being  used,  should  be  heated 
to  redness  in  the  air,  and  then  reduced  in  a  current  of  hydrogen. 
The  apparatus  having  been  arranged  as  before  directed,  the  copper 
turnings  are  to  be  brought  to  a  full  red-heat,  and  the  analysis 
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caatiouslj  oondnctcd  in  the  ordinary  maimer.    As  the  oxidet  of 
nitrogen  paas  slowly  over  the  ignited  copper  they  are  deoom-  . 
potedj  the  oxygen  combining  with  the  copper,  whilst  the  nitrogen 
escapes.    The  amonnt  of  carbon  and  hydrogen  is  determined 
exactly  as  in  the  method  preyionsly  described. 

(1037)  Method  of  Varrenirapp  and  WUl, — A  very  accurate 
method  for  ascertaining  the  proportioo  of  nitrogen  is  that  devised 
hy  Varrentn^p  and  Will ;  the  fdndamental  fact  npon  which  it  is 
based  being  the  obseiration  of  Gay-Lussac  that  most  aaotised 
matters,  when  heated  with  a  large  excess  of  potassic  or  sodic 
hydrate,  give  off  the  whole  of  the  nitrogen  in  the  form  of 
ammonia.  In  order  to  render  this  method  available  for  the 
purposes  of  analysis,  the  sulijoined  precautions  are  requisite 

A  mixture  of  two  parts  of  quicklime  and  one  of  sodic  hydrate 
is  prepared  by  slaking  well-bnrned  lime  with  the  necessary  quantity 
of  a  solution  of  sodic  hydrate,  and  evaporating  the  whole  to 
dryness  ;  tlie  raitss  is  then  ifj^nited,  pulverized  as  quickly  as  possible, 
and  transferred  to  well-closed  bottles,  in  order  to  exclude  car- 
bonic acid  and  moisture.  A  mixture  of  equal  parts  of  sodic 
carbonate  and  of  slaked  lime  answers  even  better,  and  is  much 
less  troublesome  to  prepare  than  the  above  ;  sodic  carbonate  for 
tliis  purpose  bcinj:^  easily  obtained  by  heating  the  commercial 
"bicarbonate  until  it  ceases  to  irive  otf  aqueous  vapours  (S.  W. 
Johnson,  Ann.  Cheni.  Pharni.  clxix.  69). 

When  an  analysis  has  to  be  made,  the  substance  under  exami- 
nation is  intimately  mixed  in  a  glass  dish  or  warm  mortar  with  a 
portion  of  this  alkalized  lime,  or  soda-lime  iis  it  is  generally  termed, 
in  a  manner  similar  to  that  already  described  for  the  det(>r- 
minatiou  of  the  carbon  and  hydrogen  in  a  compound.  In  this 
case,  however,  it  is  not  necessary  to  be  so  careful  in  avoiding 
the  absorption  of  moisture  during  the  operation  of  filling  the 
tube. 

The  mixture  having  been  introduced  into  the  combustion 
tube,  a  plug  of  asbestos  which  has  been  recently  ignited  is  inserted 
in  order  to  prevent  any  of  tne  mixture  being  carried  forward 
mechanically  into  the  apparatus  through  which  the  gases  are 
made  to  pass.  On  heating  the  combustion  tube  in  the  ordinary 
way,  and  with  the  usual  precautions,  the  substance  is  decomposed, 
and  the  whole  of  the  nitrogen  escapes  as  ammonia.  The  drying- 
tube  and  the  potash  apparatus  are  not  used,  but  the  ammonia  is 
collected  in  a  bulb-tube  of  the  form  represented  at  /,  fig.  388, 
which  is  connected  air-tight  with  the  combustion  tube  by 
means  of  a  good  cork.    The  bulbs  /  are  charged  with  hydro- 


d 

Digitized  by  Google 


24  NITROOBN  METHOD  OF  VARR£NTEAPP  AND  WILL.  [1037. 


clilorio  acid  of  sp.  <rr.  I'l  wliich  lias  been  previously  tested  and 
found  to  be  free  from  ammonia. 

Pio  388.  AVIion  the  oporation  is  roiiijilete, 

absorption  will  take  place,  and  the 
liquid  will  rise  in  the  bulb  nearest 
the  fire  ;  at  this  moment  the  tail  of 
the  combustion  tube  should  be  nipped 
off,  and  air  carefully  drawn  through 
the  apparatus  in  the  usual  way. 
When  the  combustion  is  completed, 
the  contents  of  the  bulb-tube  are 
to  be  emptied  into  an  evaporating 
dish,  and  the  bulbs  washed  out  several 
times  with  water ;  solution  of  platinic 
chloride  is  then  added  in  excess,  and 
the  whole  evaporated  to  dryness  on  a 
water-hath.  The  residue  when  dry  is  digested  with  a  mixture 
of  two  parts  of  alcohol,  sp.  gr.  0*833,  ^  ether,  which 

dissolves  the  excess  of  platinic  chloride,  and  leaves  the  double 
chloride  of  platinum  and  ammonium  in  a  crystalHne  form :  this 
is  now  collected  on  a  weighed  filter,  and  thoroughly  washed  with 
the  mixture  of  alcohol  and  ether.  The  precipitate  and  filter  may 
l)e  dried  at  ico°  (212°  F.),  and  the  amount  of  nitrogen  calculated 
from  the  observed  Avcij^ht  of  the  amnionic  platinic  chloridc;  446*1 
])arts  of  which  correspond  to  28  of  nitrogen,  or  100  parts  to 
6- 2 77  of  nitrogen.  As,  however,  in  some  instances,  volatile 
bases  other  than  ammonia  are  produced  during  the  combustion 
of  nitrogenous  organic  compounds,  and  these  also  form  double 
salts  with  i)latinic  chloride  and  hydrochloric  acid,  a  source  of 
error  would  be  introduced  if  the  anionnt  of  nitrogen  were  cal- 
culated from  the  weight  of  the  dry  double  salt.  It  is  therefore 
always  advisable  to  ignite  this,  and  calculate  the  nitrogen  from 
the  weight  of  the  residual  metallic  platiniirn_,  19 71  of  which 
correspond  to  28  of  nitrogen,  or  100  to  ]4  2o6  of  nitrogen. 
Instead  of  collecting  the  ammonia  in  hydrochloric  acid,  it  may 
be  condensed  in  a  known  volume  of  standard  sulphuric  acid,  or 
solution  of  oxalic  acid.  About  150  grains,  or  10  c.c.  of  an  acid 
of  which  ICO  parts  will  neutralize  17  parts  by  weight  of 
ammonia,  will  answer  the  purpose.  The  acid  liquor  is  then  to 
be  washed  out  of  the  bulbs  diluted,  and  carefully  neutralized 
by  means  of  a  coiresponding  standard  solution  of  sodic  hydrate. 
By  this  means  the  amount  of  acid  which  has  been  neutraliied 
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by  the  ammonia  is  ascertained,  and  the  nitrogen  present  in  the 
substance  burnt  can  easily  be  calculated  from  it. 

(1038)  Method  of  Dumas, — The  foregoing  method  of  deter- 
mining nitrogen  answers  for  nearly  all  cases  excepting  those  in 
which  the  element  occars  in  a  cyanide  or  a  nitro*substitutiou 
compound^  when  it  must  be  determined  by  volume,  and  its  weight 
thenoe  deduced.  For  this  purpose  the  process  of  Dumas  is  the 
most  trustworthy : — combustion  tube  of  about  30  inches 
(75  centimetres)  long  is  employed^  not  drawn  out  into  a  tail^  but 
sealed  with  a  rounded  extremity;  about  6  inches  (15  centi- 
metres) of  the  tube  are  filled  with  dry  hydric  sodic  carbonate, 
NaUCO^  then  an  inch  or  two  of  pure  cupric  oxide ;  after  this 
the  mixture  of  the  substance  with  cupric  oxide  is  added^  and 
covered  as  usual  with  a  layer  of  pure  oxide,  finally,  the  last 
3  01  4  inches  of  the  tube  are  filled  with  clean  copper,  as  already 
directed,  with  a  view  of  decomposing  any  oxides  of  nitrogen 
which  might  be  formed.  Instead  of  hydric  sodic  carbonate,  a 
mixture  of  equal  molecular  weights  of  dried  sodic  carbonate  and 
potitssic  dichromate  may  be  employed,  which  has  the  advantage 
of  giviug  off  carbonic  anhydi  ide  free  from  aqueous  vapour  when 
heated.  It  is,  however,  unneeessary  to  be  particular  in  excluding 
moisture  whilst  filling  the  tube. 

After  gently  tappinj;  the  tube  so  as  to  make  an  air-way  over  the 
eujiric  oxide,  it  is  connected  with  a  bent  delivery  tu])e  g,  fig.  388, 
and  placed  in  the  combusti(ni  furnace,  the  end  of  the  delivery 
tube  dipping  into  a  small  mercurial  troui^h.  About  2  inches 
(5  centimetres)  of  the  closed  end  of  the  tube  are  now  licated, 
when  a  portion  of  the  carbonate  is  decomposed,  and  the  evolved 
carbonic  anhydride  gradually  expels  the  air  from  the  tube.  In  a 
short  time  it  will  be  found  that  the  gas  escaping  from  the  deliyery 
tube  is  completely  absorbed  when  passed  up  into  a  solution  of 
potassic  hydrate  eoii!;ained  in  an  inverted  test  tube,  and  consists, 
therefore,  of  pure  carbonic  anhydride.  A  graduated  cylinder 
hlled  one-third  with  a  concentrated  solution  of  potassic  hydrate 
and  two-thirds  with  mercury  is  now  inverted  over  the  delivery 
tube,  and  the  combustion  proceeded  with  in  the  usual  way,  com- 
mencing at  the  copper  turnings. 

When  the  part  of  the  combustion  tube  containing  the  matter 
for  analysis  it  red-hot  throughout  its  entire  extent,  heat  is  gradually 
applied  to  the  carbonate  still  remaining  undecomposed,  and  the 
last  portions  of  gas  furnished  by  the  combustion  are  driven  into 
the  receiver  by  the  carbonic  anhydride  which  is  disengaged. 
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The  prodacts  of  the  combnstioii  are  water,  carbonic  anhy- 
dride, and  nitrogen ;  the  two  former  are  retained  by  the  solution 
of  potaasic  hydrate,  and  the  nitrogen  remains  in  the  graduated 
cylinder  in  the  gaseons  state.  The  tube  is  now  transferred  to  a 
deep  vessel  of  water,  allowing  the  mercury  to  fall  ont  and 
become  replaced  by  the  water.  It  is  then  adjusted  so  that  the 
level  of  the  liquid  inside  and  outside  the  tube  are  the  same, 
and  after  allowing  it  to  stand  for  an  hour  or  two,  in  order  that  the 
whole  apparatus  may  be  of  the  same  temperature  as  the  atmo- 
sphere, the  height  of  the  barometer  and  thermometer  must  be 
carefully  noticed,  and  since  tiie  gas  will  be  saturated  with 
moisture,  its  volume  must  be  corrected  for  temperature,  pressure, 
and  acpieous  vapour.  As  a  litre  of  dry  nitrogen  at  o**  C.  and 
760  mm.  barometric  pressure  weighs  1-25616  grm.,  or  100  cubic 
inches  of  nitrogen  jit  6c°  F.  and  uuder  a  pressure  of  30  inches  of 
mercury  weigh  30*  137  grains,  it  is  easy  to  calculate  the  weight 
of  the  known  volume  of  nitrogen,  and  consequently  the  propor- 
tion of  that  element  present  in  the  compound  aualysed. 

(1039)  Method  fif  Relative  Volumes. — When  the  quantity  of  nitrot^en 
prefPTit  i.s  not  less  than  one- fourth  of  the  weight  of  the  carbon  contained  in  the 
oonijiound,  its  proportion  may  be  determined  by  coniluclini,'-  the  combustion  just 
a6  it  we  were  going  to  ast^rtain  the  proportion  ot"  cu  bon  and  hydrogen  ;  but, 
inttead  of  oondensing  the  oarbonie  anhydride  and  weighiug  it,  the  evdved  gasea 
are  cullectrd  over  mercory.  A  beut  gaM-deliveriDg  tube,  fft  fig>  jSd,  itf  used  in- 
8tead  uf  the  uanal  ^paratus  for  the  abi^orption  of  water  and  carbonic  anhydride. 
In  this  case,  as  soon  as  the  fore  part  of  the  tube  containing  the  metallic  copper 
and  pure  oxide  is  red  hot,  the  combustion  of  the  Rub^tance  tthould  be  conuncmed 
at  the  closed  extremity  of  the  tube,  su  as  to  expel  the  atmospheric  air  by 
meana  of  a  portion  of  gm  generated  from  the  anbatanoe.  The  remainder  ia 
oolleoted  in  succensive  portions  in  several  graduated  tubes,  and  by  agitating  the 
gas  in  each  of  tbene  with  a  solution  of  potash,  the  proportion  of  n!tro<,'en  to  the 
carbon  can  be  at  once  determined,  since  equal  volumes  of  carbonic  anhydride  and 
nitrogen  lepreheut  equal  atomic  proportions  uf  carbon  and  niUogeu.  It  is 
not  necesaary  in  diia  oaae  to  wdgh  aecnrately  the  quantity  of  material  em- 
l^oyed. 

Experience  has  shown  that  in  the  preceding  processes  for 
organic  analysis,  the  quantity  of  hydrogen  deduced  from  the  results 
is  always  slightly  in  excess,  usually  from  O"  1  to  0  2  parts  in  100  ; 
whilst  unless  oxygen  or  plumbic  ehroraate  be  employed,  the 
carbon  is  somelinirs  (U  tit-icut  to  the  same  extent.  A  dcHciency 
of  carbon  also  occurs  if  the  ash  coutaius  carbuiifttes  of  the  met&U 
of  the  alkalies  or  of  the  earths. 

(1040)  Determination  of  Sulphur,  Phosphorus,  and  Arsenicum, 
— One  of  the  methods  employed  for  aaoertainuig  the  amount  of 
sulphmr  in  an  organie  compound^  consists  in  mixing  i  part  of 
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the  substance  for  analysis  with  lo  parts  of  nitre,  2  of  dried 
sodic  carbonate,  and  30  of  pure  8odic  or  potassic  chloride,  and 
heating  the  mass  to  redness  in  a  tube  of  hard  glass.  The 
sulphur  is  thus  c()nvirti'd  into  sulphate.  The  object  ot  addiu^^ 
the  sodic  chl  iiide  is  simply  to  moderate  the  violeuce  of  the 
deflagration.  The  residue  is  dissolved  in  water  sliu;htly  acidified 
with  hydrochloric  acid,  and  the  sulphuric  acid  is  then  dctcrmiue<l 
in  the  usual  way  by  j)rccipitation  with  baric  chhiride.  If  plios- 
piiorus  or  arsenicum  be  pre>eiit,  it  will  remain  in  the  acid  licju<)r 
in  the  lurm  of  j  liospLoric  or  arsenic  acid.  Its  amount  may  be 
dcteriuined  by  adding  sidphuric  acid  in  order  to  throw  do\ui  the 
excess  of  barium  salt ;  then  filtering,  su|)crsat.urating  with  am- 
monia, and  adding  an  ammoniacal  solution  of  magnesic  sulphate  : 
the  phosphoric  or  arsenic  acid  is  precipitated  as  amraonic 
magnesic  phosphate  or  arseniate,  and  can  be  collected  in  the 
nsual  maouer.  The  sulphur  in  organic  compounds  may  also  be 
determined  by  burning  them  in  a  combustion  tube  with  a  mix- 
ture of  mercuric  oxide  and  pure  sodium  carbonate  in  a  manner 
similar  to  that  employed  for  the  estimation  of  nitrogen  by 
Varrentrapp  and  Will's  method.  A  little  pure  oxide  of  mercury 
is  introduced  into  the  closed  end  of  the  tube^  which  is  heated  at 
the  completion  of  the  operation  so  as  to  pass  a  current  of  oxygen 
through  the  tube  to  insure  the  complete  oxidation  of  the  sulphur 
to  sulphate.  The  contents  of  the  tube,  when  cold  are  dissolved  in 
water  and  the  amount  of  sulphuric  acid  produced  estimated  in 
the  usual  way. 

Another  method,  and  one  less  liable  to  error,  consists  in  sealing 
up  the  substance  in  a  tube  with  strong  nitric  add  of  sp.  gr.  1-52 
and  heating  it  from  four  to  twenty-four  hours  at  1 50^  to  20C^ 

(302°  to  392°  F.)  ;  the  amount  of  sulphate  ean  then  be  determined 
iu  the  usual  way,  and  the  phosphate  or  arscuiate  after  ucutraliza- 
tiou  with  ammonia. 

W  hen  sul[)hur  is  present,  certain  precautions  arc  necessary 
to  pr'^vent  error  iu  the  estimation  of  the  amount  of  carbon,  since 
a  portion  of  the  sulphur  becomes  converted  during  the  proeiss  of 
combustion  with  cuj>ric  oxide  into  sulphurous  anhydride,  and  this 
would  Ijc  condensed  by  the  potassic  hydrate  along  with  the  carbonic 
anhydride,  which  would  then  be  estimated  in  excess.  This 
may  be  avoided  by  interposing  a  short  tube  lilled  with  plumbic 
peroxide  between  the  tube  of  calcic  chloride  and  the  potash  bulbs  ; 
the  sulphurous  anhydride  is  by  this  means  absorbed,  uniting  with 
the  plumbic  peroxide  and  forming  plumbic  sulphate,  PbOg-t-SOj 
becoming  PbSO^ :  it  is  far  better,  however,  to  employ  plumbic 
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cliroraate  instead  of  cupric  oxide,  when  the  sulphur  is  retained  as 
plumbic  sulphate. 

(1041)  Detertmnation  of  Chlorine,  Bromine,  and  Iodine, — 
When  a  substanoe  oontaining  chlorine  is  burnt  with  cupric  oxide, 
cuprous  chloride  is  formed  and  would  be  carried  forward  into  the 
chloride  of  calcium  tube  and  condensed  there;. moreover,  if  a 
current  of  oxygen  is  used,  free  chlorine  is  obtained  which,  passing 
into  the  potash  apparatus,  would  be  absorbed  there  and  render 
the  analysis  valuelcMS.  These  sources  of  error,  howeyer,  may  be 
entirely  avoided  by  introducing  a  coil  of  silver  foil  2  or  3  inches 
long  (5  to  8  centimetres)  into  the  anterior  portion  of  the  tube, 
which  retains  the  chlorine'  as  argentic  chloride.  Even  when 
plumbic  chromate  is  used,  it  is  always  advisable  to  employ  the 
silver  foil,  especially  with  substances  containing  a  large  percentage 
of  chlorine.  These  remarks  apply  equally  to  organic  compounds 
containing  bromine  or  iodine.  If  the  quantity  of  ehlorine,  or  of 
any  other  halogen,  is  to  be  estimated,  the  sul)stance  for  analysis 
is  mixed  with  aljout  jo  times  its  weight  of  pure  lime,  and 
introduced  into  a  narrow  tube  of  Bohemian  glass  10  or  12 
inches  (25  or  30  ccntim.)  long,  and  sealed  at  one  end.  The 
tube  is  filled  up  with  fragments  of  pure  lime,  and  gradually 
brought  to  a  red  heat,  commencing  at  the  open  cxtretuity.  \^'hea 
the  combustion  is  complete,  and  the  tube  cold,  its  rontents  are 
transferred  to  a  beaker  containing  distilled  water,  afterwards 
carefully  washing  out  the  tube,  first  with  water  and  then  with 
dilute  nitric  acid.  Nitric  acid  is  now  cautiously  added  to  the 
mixture  until  the  lime  is  dissolved,  taking  care  only  to  employ  a 
slight  excess  of  nitric  acid,  alter  which  the  liquid  is  filtered, 
and  the  chlorine,  iodine,  or  bromine  precipitated  by  means  of 
argentic  nitrate. 

The  determination  of  these  elements  may  also  be  very  readily 
made  by  the  method  proposed  by  Carins  [Deut,  Chem,  Ge9.Ber,,  III. 
697)  of  heating  the  compound  with  nitric  acid  and  silver  nitrate 
in  a  sealed  tube,  to  a  high  temperature,  in  a  manner  similar  to  that 
already  described  for  the  estimation  of  sulphur.  The  substanoe  to 
be  analysed  is  enclosed  in  a  weighed  glass  bulb,  which  is  broken 
after  it  is  sealed  up  along  with  the  nitric  acid.  The  argentic 
chloride  produced  is  collected  and  weighed  along  with  the  broken 
bulb,  the  weight  of  the  latter  being  subtracted  afterwards  As 
however  the  glass  of  which  the  bulbs  are  made  may  be  partially 
dissolved  bv  the  nitric  acid,  which  would  tend  to  diminish  the 
apparent  amount  of  the  halogen,  it  is  better,  in  order  to  avoid 
this  source  of  error,  to  place  the  substance  in  a  short  piece  of 
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glass  tube  sealed  at  one  end  and  closed  by  a  ground  stopper; 
instead  of  enclosing  it  in  a  glass  bulb.  After  the  operatbn  is 
over,  it  is  easy  to  separate  the  argentic  compound  from  the 
tube  and  stopper.  The  results  obtained  with  iodine  compounds 
are  generally  too  low,  in  some  instances  as  much  as  i  per  cent. 
According  to  Linnemanu,  this  is  probably  due  to  the  solubility 
of  argentic  iodide  in  an  acid  solution  of  argentic  nitrate. 

(1042)  Determination  of  other  Elements. — The  other  elerapnts 
occasionally  met  with  iu  urgauic  substances  are  determiued  by 
the  ordinary  methods,  but  it  is  generally  necessary  to  oxidize 
or  incinerate  tlie  substanee  iu  the  first  place.  This  operation 
should  always  be  perloinied  at  a  low  temperature,  which  need 
not  exceed  a  barely  visiijlc  red,  as  otherwise,  it  alkaline  chlorides 
be  present  they  Mould  be  partially  volaiilized. 

GbVBBAL  BbMABSS  on  THB  DiSCBTlflNATION  OT  THB  GasEB. 

(1043)  '^^^  principal  bodies  which  are  <jas»*<)us  at  the  mean  teuiptM-attire  of  « 
the  utiiiusphere  are  about  35  iu  number.  Several  uf  the>>e  compounds  are  met 
with  in  tiie  aneombined  t'orm  ui  the  atmjRphere,  either  unifomilj,  or  under 
perticalv  circum!$tances  not  of  nnfrequent  occurrence  ;  tbene  gaaes  are  oxjrgen, 
nitrogen,  carbonic  and  sulphurous  anhydrides,  hydrosulphurio  acid,  ammonia,  and 
o<xr:ii*ionally  carbonic  oxide  and  nietliaiie  or  mcthylic  hydride.  Genor  illy  speak- 
ing, the  different  godes,  when  pure,  are  readily  distinguished  from  each  other  by 
some  well-marked  pbysir^ai  or  chemical  property.  Tbe  few  gaaes  which  are 
floloared  are  at  once  indicated  by  the  peculiarity  of  their  cint»  conjoined  with 
their  duureeteristic  odonr:  in  this  manner  peroxide  of  nitrogen,  chlorine, 
hypoclilorous  and  chlorooii  anhydride,  chloric  peroxide,  and  vapour  of  bromine 
are  at  once  recognised. 

.^lany  goiies  have  a  peculiar  and  characteristic  odour.  Some  of  the  must  im- 
portant, however,  including  oxygen,  nitrogen,  hydrogen,  cerbonic  anhydride,  car- 
bonic oxide,  methane  or  light  carbnretted  hydrogen,  ethylene  or  olefiwit  gts,  and 
Ditroas  oxide  possess  little  or  no  odonr,  andreqnire  other  meaoc  fordiMriminating 
them  from  each  otiier. 

(1044)  In  or  ler  to  aid  the  operator  in  di.-»lingui»hijig  llie  dltltTeiit  pises 
from  each  other,  Theuard  divided  tiiem  into  four  groups,  the  arrangement  being 
dependent  upon  the  action  of  a  eoloUon  of  potMcic  hydrate  upon  thein, 
eoojoined  with  the  occurrence  or  the  absence  of  combu-^tion  on  the  application  of 
a  lighted  match  to  the  gas.  The  experiment  is  made  by  admitting  a  few  drops 
tjiu  Solution  of  potiH.sic  hydrate  into  a  test-tube  tilled  with  the  ijas,  and  standing 
over  mercury  :  on  agitating  the  contents  of  the  lube,  it  is  immediately  obviuus 
whet  her  any  absorption  occurs.  Tbe  applimtioa  of  a  lighted  match  to  another 
small  tube  filled  with  the  gas  shows  whether  it  be  inflammable,  or  whethor 
it  extinguishes  or  aupporb^  comhit-iion. 

The  four  gron(i«  of  gaaes  which  are  distingnished  by  the  applioatimi  of  these 
tests  are  the  following  : — 

1.  Gases  which  are  absorbable  by  potassic  hydrate,  but  which  are  not 

inflammable. 

2.  GaMs  sbsorbabte  by  potsssic  hydrste,  bat  which  are  inAsramable. 

3.  Gases  not  absorbable  by  potassic  hydrate,  and  not  inflammable. 

4.  Gases  not  absorbable  by  potassio  hydrate,  which  are  iuflammable. 
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We  proceed  to  point  out  briefly  the  characters  of  the  roenibers  of  each 
group. 

(1045)  I. — Gaae$  which  art  ahwrbable  hif  Potattie  h^firaU,  imt  ar§ 
not  %nfi€mmfl.U9  s  these  are  15  in  namber : — v\z,. 


I.  Hydrochloric  aeid 
3.  Hydrotromlo  Mid 

3.  Hydriddic  arid 

4.  Silicic  lliKiride 

5.  Boric  iluoride 

6.  Boric  chloride 

7.  Carbonic  ozydieli)orid« 

8.  Sulphuroiia  anhydride 


9.  Nitrons  anhydride 

10.  Chloric  peroxide 

Ti.  Chlorous  anhydride 

12.  Hypochloroiu  anhydride 

13.  Chloiine 

14.  Carbonic  anhydride 

15.  Cyanic  chloride. 


Of  thcee  gaaea  each  of  die  firat  clevtn  rcddtna  Ktmua-paper,  when  moist- 
enfd  and  plnnged  into  it.  Hypoehlorooa  anhydride  and  chlorine  destroy 
its  cdonr,  and  blench  it  entiroly.  Cmbonic  anhydride  is  nearly  without  action* 
and  cyanic  chloride  producer  no  effect  upon  its  colour.  Tiie  first  six  giises  fume 
stront^ly  when  mixed  with  the  air,  owin.^  to  their  iiction  on  tlij  moisLflre  which 
it  contains  :  the  solutions  in  water  of  hydrochloric,  bydiobrouiic,  and  hydriodic 
adds  an  immediately  di8tingai*hed  by  the  nsnal  teiifai  for  them.  Each  gaa  alao 
praeenta  certain  peculiaritiea — viz,  i. — A  small  quantity  of  chlorine  prodnoea 
no  change  in  the  hydrochloric  acid;  2. — In  hydruhroinic  acid  it  oocaaiona  the 
separation  of  red  lunies  of  bromine ;  and  3. — In  hydriodic  woul  violet  fuiues 
of  iodine  appear.  4. — Silicic  fluoride  is  recognised  by  the  gehitiiious  deposit  of 
hilica  which  water  produces  when  the  gas  is  hrought  in  contact  with  thi8  liquid. 
5. — ^Boric  fluoride  produces  a  gelatinous  precipitate  in  a  solution  of  potaiwfe 
hydrate,  but  not  in  pure  water.  6. — Boric  chloride  is  decomposed  by  water  into 
hydrochloric  and  horacic  acids,  which  may  be  recognised  in  the  solution  by  the 
appropriate  tests.  7. — Carbonic  oxyd chloride  has  a  peculiar,  pungent  odour, 
and  is  decomposed  by  water  into  hydrociiluric  acid  and  carlumic  anhydride. 
8. — Sulphurous  anhydride  is  immediately  recognised  by  the  suiTocating  odour  of 
burning  sulphur:  it  ia  absorbed  by  plumbic  peroxide,  and  a  white  plumbic 
sulphate  is  formed.  9. — Nitrous  anhydride  ia  anfBdently  characterized  by  its 
colour  and  peculiar  odour ;  and  1  o.— The  same  nmy  b  -  remnrked  of  cliloric  peroxide, 
II. — ChloroiiB  anliydride  has  a  greener  tini^e  tiian  the  chloric  peroxide,  and 
it  yields  a  bright  yellow  solution  when  dissolved  iu  water.  12. — Ilypociilorous 
anhydride  has  the  odour  of  the  bleaching  compounds  of  chlorine  with  the 
alkalira  and  earths,  and  it  rapidly  destroys  vegetable  colours :  these  tiiree  ozidea 
of  chlorine  detonate  by  the  application  of  a  temperature  below  thatofboiling  water. 
13. — Chlorine  is  distinguished  by  it<  "jreenish  yellow  colour  and  remarkable 
o<lour.  by  its  bleaching  action  on  vegetable  colours,  and  by  its  sparine;  solubility 
in  water,  which  only  Uikes  up  about  twice  its  bulk  of  the  gas.  14. — Carbonic 
unhydride  eztinguidies  flame,  renders  lime-water  turbid,  and  is  soluble  in  about 
its  own  bulk  of  water.  15. — Cyanic  chloride  is  recognised  by  its  pungent 
odour,  and  its  peculiarly  irrit  iMn<;  eil'ect  on  the  eyes. 

(1046)  2.—  (iiisra  ahs  't  hable  bj/  2^otax»ic  hydrate  and  inJlamnutbU ;  these 
are  only  4  in  number  . — viz., 

1.  Sulphuretted  hydrogen  I        3.  Telluretted  hydrogen 

2.  Seleniuretted  hydrogen  |       4.  Cyanogen. 

These  gases  are  reco^nisnl  with  great  facility,  i. — Sulplmrettcd  livdro^^i  p 
has  a  pecu!i:ir  odour  of  |)iitrid  eu';^s;  it  burns  with  a  blue  llame,  often  atundcd 
with  a  deposit  of  sulphur  ;  it  blackens  paper  soaked  in  a  solution  of  plumbic 
fccetate,  and  is  decomposed  by  moist  chlorine,  with  aeparaUon  of  sulphur  ;  water 
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dissnlvi-^  about  twice  its  bulk  of  the  p^is.  2. — Selfniurotted  livdrogpn  hn.s  an 
oduur  aualogous  to  that  of  the  preccdiug  gaii ;  it»  aqueous  soiulioii  gradually  de- 
pofite  adeniani  in  the  fimn  of  a  red  amorphoiu  predpitate ;  it  precipitates  aalt« 
of  sano  of  a  fleeh-red  eoloar.  3. — Telluretted  hydrogen  is  aleo  decompteed  bj 
eUmrtne*  te)lQrinm  being  net  free,  and  subitiding  a»  a  brown  po«rder.  4. — Cya- 
no|^n  bums  with  a  row-edged  purple  flam.'  ;  it  has  a  penotratinfj  charaeterintic 
odour.  If  mixed  with  an  c»qual  volume  cf  oxyg'-n,  and  a  red-hot  platinum  wire 
be  suspend*^  in  the  mixture,  red  nitrouii  iuuie:^  are  produced  bj  the  oxidation  of 
the  nitrogen  eoatained  in  the  gni. 

(1047)  3.— <?aefiff  noi  abwr^aJbh  hjf  PfOauic  hydraU and  nU  injiammablei 
of  thcee  aJeo  there  are  finir — vta., 

I.  (hjgfn.  I  3.  Nitrogen 

3.  Kitroaa  oside  |  4.  Nitrie  oside. 

I. — Oxygen  is  at  onee  diatinguiehed  from  all  other  gaeee  by  its  property  of 
kindling  a  glowing  match,  by  ite  power  of'  prodndng  nd  Aimee  when  mixed 
with  nitric  oxide,  and  by  itA  inrolubility  in  water  when  agitated  with  it. 

It  is  abeiorbeil  by  moj«t<'ned  phosphorus,  hy  a  solution  of  cuprous  oxide  in 
ammonia,  rendering  the  eolourh  sj*  solution  deep  blue,  and  by  a  solution  of  pyro- 
gallicacidiu  potaviiic  hydrate,  the  mixture  becoming  of  an  intense  bistre  colour. 
Solntiona  of  Uie  ealphidee  of  the  alkali-metale  also  absorb  oxygen  rapidly.  3.  Ni- 
trooe  oxide,  although  it  rekindles  a  glowing  mutch,  is  dissolved  when  agitated 
with  water.  3— Nitrogen  extinguishes  the  flame  of  burning  bodies  ;  it  \» 
insoluble  in  water,  and  does  not  render  lime-water  turbid.  4. — Nitric  oxide  is 
instantly  recognised  by  the  red  fumes  which  it  occasions  when  mixed  with  air  or 
free  oxygen ;  it  is  immediately  abnorbed  by  a  solution  of  ferroos  sulphate, 
girtng  the  liquid  a  deep  Inown  col  oar  when  oxygen  is  present 

(1048)  4.— Gfoset  mot  abtorbabU  bjf  Potattic  kydrate,  mMek  arw  iif/fam' 
mabU 


I.  Hydrogen 

3.  Methane,  or  methylic  hydride,  and 
its  bomnlofjiips.  eMirme,  propane, 
and  butane.or  tetrane 

3.  Uledant  gas,  or  ethylene,  and  its 


homolognes,  pfopyleneand  buty- 

Icne 

4.  Acetylene  and  allylene 

5.  Phosphuretted  liydrn;i;en 

6.  Arseniuretted  hydrogen 

7.  Carbonio  oxide. 

I. — Hydrogen  is  inodorous,  if  pure;  it  burns  with  a  feeUy  luminous  flame, 
and  if  mixed  with  half  its  Tolome  of  oxygen,  prodneca  water  either  by  the 
transmission  of  an  electrie  spark,  or  by  the  action  of  a  ball  of  spongy  platinum. 
3. — ^Methane  burns  with  a  yellowish  flame ;  it  is  not  acted  upon  if  mixed  with 
chlorine  over  water  and  screened  from  Ht^lit,  and  is  not  dissolved  by  fiiminr^  sul- 
phuric acid,  3. — Ethylene,  or  its  hotnohigues,  when  mixed  with  an  equal 
volume  of  chlorine,  even  in  the  dark  becomes  condensed  to  an  oily  liquid  which 
is  insoluble  in  water;  it  ia  also  absorbed  by  antimonic  pentaohloride,  and 
by  Kordhausen  sulphurio  acid :  it  bums  with  a  brilliant  smoky  flame.  4.  Aee- 
tylene  may  be  separated  by  taking  advantage  of  the  property  it  possesses  of 
bein:X  absorbed  by  an  amnion iacal  solution  of  cuprous  cliloride.  The  red  pre- 
cipitate thus  obtained,  is  decomposed  by  hydrochlorie  acid,  yielding  the  hydro- 
carbon in  the  free  state.  5.— Phosphuretted  hydrogen  is  distinguished  by 
its  peculiar  alliaceous  odour :  it  bums  with  a  luminous  flame,  producing  white 
funi<^  of  phosphoric  anhydride ;  solutions  of  the  salts  of  copper,  silver, 
and  mercury  dissolve  it  and  form  brown  precipitates.  6. — Arseniuretted 
hydrogen  is  dt'cimipos«'d  if  passed  thrmiLfh  glass  tubes  heated  nearly  to  redness, 
a  ring  of  arseuicum  b«iug  deposited  :  it  burus  wilh  a  peculiar  wiiite  liame,  aud 
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deposits  a  Lrofwn  atain  of  anenieum  on  oold  bodies  introduced  into  the  burning 
jeL  It  '\»  extremely  poisonous,  and  ha«  a  peculiar  odour  of  garlic.  It  may  ba 
distinguibhed  from  antinmniurt-tted  hydrogen  by  methods  previously  descrilied 
(B41).  7. — Carbonic  oxide  burud  with  a  pale  blue  flame,  producing  carbonic 
anhydride ;  it  w  iiMolnbl*  m  water,  ai^  la  diaaolved  by  a  aolution  of  cuprous 
ebknride  in  hydroeblorio  acid. 

(1049)  General  Pfincipht  <if  the  Anafysit  qf  a  Mvdure  qf  Gaaet, — ^In 
a  mixture  of  gases  a  qualitative  examination  must  be  made  as  a  preliminary 
step,  in  order  to  asciTtain  what  gasses  are  present.  It  is  of  course  needless  to 
search  for  those  which  condense  or  decumpoiie  each  other.  Ammonia,  for 
example,  would  not  be  found  in  a  mixture  which  contained  hydrochloric,  hydri- 
odie,  or  hydrobromio  acid  ga»ee,  nor  in  the  presence  of  aulphnrous  or  nitxtMia 
anhydrides.  Oxygen  would  not  occur  in  a  mixture  iu  which  nitric  oxide  was 
present.  Neither  could  free  chlorine  or  its  oxides  co-exist  with  hydriodic 
or  hydrobromic  aeid,  nor  witli  ethylene,  nor  with  the  compounds  of  hydrogen 
with  sulphur,  selenium,  tellurium,  phosphorus,  or  arsenic:  ohloriue  and  its 
oxides  are  equally  incompatible  with  ammonia. 

The  complete  analysis  of  a  mixture  of  ilifforont  ganea  is  one  of  the  most 
delicate  and  difficult  branches  of  chemical  analysis,  and  it  is  not  intendt-d 
to  attempt  to  give  more  than  an  idea  of  the  principles  on  which  such  an  opera- 
tion is  conducted,  and  the  manner  iu  which  it  is  etiected. 

As  an  illustration  of  the  method  of  proceeding  we  may  take  a  case  of  fre« 
qnent  occurrence:  viz.,  the  determination  of  the  composition  of  a  sample  of  coal- 
gas.  In  this  case,  the  ingredients  which  mi^  be  present  are  numerous.  These 
arc— I,  hydrogen;  2,  ethylene  or  olefiant  gas  and  other  unsaturated  hydro- 
carbons; 3,  metliane  or  li:,'lit  carburetted  hydrogen;  4,  carlK)nie  oxide;  5,  car- 
bonic anhydride;  6,  t-uiplturetted  iiydrogen;  7,  ammonia;  8,  oxygen;  aud  9, 
nitrogen,  Uie  last  two  derived  from  the  atmoepheie. 

A  qualitative  examination  is  made  thua the  proportion  of  ammonia  and  of 
aulpburetted  hydrogen  is  usually  very  minute,  and  in  most  cases  these  gaaas 
must  be  sought  for  by  placing  the  tests  for  their  presence  for  some  time  in  a  cur- 
rent of  the  coal-giu?.  In  searching  for  ammonia,  a  piece  of  moistened  litmus- 
paper,  f^'ebly  reddened,  is  placed  for  a  minute  in  a  jet  of  the  insuing  gas :  if  the 
blue  colour  be  restored,  ammonia  is  present.  F^>er  aoaked  in  a  solution  of 
plumbic  acetate  may  be  subjected  to  a aimilar  trial:  if  it  turn  brown,  sulphuretted 
hydrogen  is  present.  The  presence  of  oxygen  is  detected  by  admitting  a  bubble 
of  nitric  oxide  into  a  tube  filled  with  the  gas  under  trial,  and  looking  tlirongh 
the  tube  obliquely  upon  a  sheet  of  white  paper ;  very  small  traces  of  oxygen 
may  thua  be  detected  by  the  red  tinge  produced,  owing  to  the  formation 
of  percaide  of  nitrogen.  Carbonic  anhydride  may  be  detedbed  by  tlie  turbidily 
which  it  producett  in  lime-water  or  in  a  aolution  of  basic  plumbic  aa>tate, 
if  thrown  up  into  the  gas  whilst  .-tanding  in  a  tube  over  mercury.  Tlie  other 
ga.ses  are  cerUiin  lo  In-  pu  sent,  in  greater  or  less  tjuaiitity.  The  suli)huretted 
hydrogen  and  aniuuHii.i  arc  too  small  in  amount  to  be  quantitatively  determined; 
Imt  sii|)po>ing  that  oxygen  and  carbonic  anhydride  are  found  to  be  present,  the 
proportion  of  seven  different  ga.ses  will  remain  to  be  ascertained.  The  following 
method  may  be  adopted  for  their  quantitative  determination  :— 

I.  Carbonic  an/ii/ffnde.  —  A  volume  of  the  pas  is  confined  over  mercury, 
and  its  bulk  is  measured,  with  due  attention  to  temperature  and  pressure.  A 
piece  of  potassic  hydrate  which  has  been  melted  upon  the  end  of  a  long  platinum 
wire,  to  serve  as  a  handle,  ia  introduced  from  below,  through  the  mercury  into 
the  tube.  Care  must  be  taken  that  the  wire  doea  not  project  above  the  surface 
of  the  mercury  into  the  trough,  otherwise  a  slow  process  of  d.irusion  will  oci  ur 
between  the  gas  in  the  tube  and  the  outer  air.    Ailer  two  or  three  hours  the 
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pofaMne  h jdnfo  w  wifhdrawa ;  the  tmouot  of  the  abioiptiaii  incliektM  the 

proportion  of  carbonic  anhydride  which  was  present. 

2.  Hthylene,  Acetylene:,  and  ihcir  11  omol agues. — These  gSHes  are  absorbed  by 
introducini^  another  ball.  consistin<j  of  porous*  coke  moistened  with  I'uminj^  sul- 
phuric acid.  It  is  necessary,  however,  before  reading  the  volume  of  the  gas, 
to  introdnee  a  bell  of  potanio  hydrate  a  aeoood  time,  in  order  to  withdraw  the 
vapoor  of  ralphoric  anhydride,  whtdi  poaMMCS  inffideni  tension  to  introdnee  n 
serious  error  by  dilating  the  balk  of  the  ^aw  onless  it  be  completely  removed. 
Tlie  total  amoant  of  absorption  will  indlLMte  the  proportion  oC  ethyiem^  together 
with  the  vapours  of  condensible  hydrocarbons. 

3.  Oxygen. — This  gas  is  determined  in  a  similar  manner,  by  employing  n 
bell  of  moist  phosphonis,  which  must  be  left  in  the  gas  for  twenty-four  honrs ; 
the  fresh  dimination  in  balk,  shows  the  proportion  of  oxygen.  A  hall  of  ooka 
moistened  with  a  concentrated  solution  of  potassie  hydrate  and  pyrognllic  acid 
may  be  employed  for  the  same  purpose :  the  ahsoiption  in  this  case  is  much 
more  rapid.* 

4.  Carbome  Qculs.— The  eorarate  seperation  of  carbonic  oxide  from  the 
other  gases  is  not  esmly  e^eted.   The  fgu  may  be  di?ided  into  two  portions, 

one  of  which  is  to  be  carefully  measared  as  it  standH  over  mercury ;  a  small 
quantity  of  a  solution  of  cupmuR  chloride  in  hydrochloric  acid  is  next  added 
by  means  of  a  syringe,  and  tht-  mixture  is  brij'kly  agitated  ;  the  gas  is  then 
withdrawn  by  means  of  the  gax  pipette  (shown  in  tig.  305),  and  transferred  by 
its  meana  to  a  eeeond  graduated  tube,  also  standing  over  neroury ;  into  this  tube 
a  ball  of  potasne  hydratis  on  the  end  of  a  platinum  wire  ia  inttodveed,  tot  the 
pnrpoite  of  absorbing  the  vapours  of  hydrochloric  acid  with  which  the  gas  is 
saturated  ;  iU  bulk  may  then  be  reiid  oif,  and  the  amount  of  carbooio  Oxide  will 
be  known  by  the  decreane  in  volume  which  it  has  experienced. 

The  absorption  of  ga^^es  by  liquid  reagents  is  much  more  rapid  than  when 
moistened  bells  are  employed,  and  provided  that  only  very  small  Tolnmea  of 
liquid  are  used,  the  lesolts  are  equally  accurate.  Carbonic  anhydride  may 
be  thus  absorbed  by  means  of  a  concentrated  solution  of  potassie  hydrate,  one  or 
two  drops  of  which  will  suffice ;  and  oxygen  may  be  withdrawn  by  a  concen- 
trat<;d  hulution  of  pyrogallic  acid  and  potassie  hydrate. 

5.  Nitrogen,  Carbonic  Oxide,  Methane,  and  Si/drogen, — ^The  determina- 
tion of  the  carbonic  onde,  however,  may  be  effected  along  with  the  methane 
and  hydrogen  without  having  recourse  to  absorption.  Let  a  portion  of  the  gas 
in  which  the  carbonic  oxide  is  still  present  be  now  transferred  to  a  siphon 
eudiometer  (6g.  287),  and  let  its  bulk,  V,  be  accurately  measunHl ;  then 
add  about  twice  it»  volume  of  oxygen,  and  measure  the  gas  a  second  time ;  let 
tide  bulk  be  ;  F^- Fwill  give  the  toIuum  of  oxygen  which  haa  been  added. 
Let  F,  be  the  bulk  of  the  gas  aft«r  the  miztnie  haa  been  exploded  hj 
the  transmission  of  the  dsctric  spark:  F^'— 1^  indMMtea  the  diminution  in 
bulk  which  it  has  experienced :  call  this  n.  Then  inject  a  small  quantity  of 
a  strong  solution  of  potassie  hydrate,  and  again  note  the  volume,  V^.  The  absorp- 
tion, —  F,,  will  be  due  to  the  quantity  of  carbonic  anhydride  which  has  been 
CMmed :  oaD  this  h.  The  remaining  gas,  F,,  consists  of  oxygen  in  excess, 
and  nitn^eu.  The  quantity  of  oxygen  in  excess  it  ascertained  by  mixing  the 
lasidoal  gaa  with  abont  twice  its  balk  of  hydrogen,  and  causing  the  eleotvio 


*  The  use  of  pellets  of  appropriate  materials  may  be  extended  to  other  gases : 
fi»r  example — Sulpkurcmt  anhydride  may  be  abeorbed  by  using  a  ball  of  moia- 
tened  peroxide  of  manganese,  or  of  peroxide  of  lead ;  and  hydrochloric  acid  is 
npidlj  absorbed  bya  ball  consisting  of  crystallixed  hydno  disodie  phoephate. 
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spaik  to  pasB  a  second  time.    Lot  the  volume  of  the  mixture  before  firing  be 

T'.  and  let       be  thi>  bulk  after  firing:  I' — F,  will  represent  the  amount  of 

I'  —  I' 

condensation;  and  one-third  of  this,  ■  *y-N  will  be  due  to  tiie  excess  of  oxygen. 
On  deducting  thin  from  the  residue,  V^,  the  Jillerence  gives  the  volume  of 
nitrogen,  «  ;  V  — *  =  «.    The  difierence  between  the  amount  of  the  oxygen 
tlius  found  to  be  in  excess,  and  that  originally  introduced,  will  of  course 
represent  the  qnantity  of  oxygen  consumed  :  will  this  c :  thus     —  T' —  *^  -  =  r. 

Antsuraing  that  the  temperature  of  the  gas  has  Dot  varied  in  the  course  of 
tbe  experiment,  which  may  be  UMiund  bj  due  pveoantione,  we  bare  now  all  the 
data  for  odealathig  tbe  propoirtioiis  of  methane,  of  bydiogen,  and  of  earbonie 
oxide,  which  are  present  in  tiie  mixture. 

Let  X  represent  tlu-  quantity  of  methane  ;  this  gas  reqaires  twice  its  own 
volume  of  oxygen  for  complete  combustion,  and  furnishes  its  own  volume  of 
carbonic  anhydiride,  which  requires  for  its  formation  an  equal  volume  of  oxygen, 
or  half  the  amount  eonsnmed ;  whilst  the  other  half  of  the  oxygen  is  veqidred 
by  the  hydrogm  which  is  oondensed  in  the  form  of  water ;  2x  will  oon«eqiiently 
represent  the  diminution  in  bulk  of  oxygen  which  oocura  on  detonation,  due  to 
the  amount  of  carburet  ted  hydrogen  which  is  present. 

Again,  when  hydrogen  is  converted  into  water,  it  requires  half  its  bulk 
of  oxygen,  and  both  are  condensed  entirely.  If  y  represent  the  bulk  of  the 
hydi'ogen,  ^|  will  be  the  diminution  in  bulk  of  the  mixed  gasea  on  detonation, 
which  is  occasioned  by  the  hydrogen  in  the  mixture. 

Let  K  represent  the  volome  of  carbonio  oxide  present ;  carbonic  oxide  for  its 
conversion  into  carbonic  anhydride  requires  half  its  bulk  of  oxygen,  the 
carbonic  anhydride  produced  occupying  the  same  bulk  as  the  carbonic  oxides 
^  will  therefore  indicate  the  condensation  which  occurs  on  foing  the  mixtnie 
owing  to  the  carbonir  oxide  prt^scnt. 

The  total  coudeusaiion  in  bulk,  a,  which  occurs  on  firing  a  mixture  of 
methane,  hydrogen,  uud  carbonic  oxide,  will  consequently  admit  of  being  thus 
represented: 

(l)       a=2x  +  '^^'^  +i. 

*  '  2  2 

Fnrtiier,  the  quantity  of  the  carbonic  anhydride,  i,  formed  by  the  detonation,  is 

composed  of  a  volume  of  carbonic  anhydride  equal  in  bulk  to  the  methane 
antl  a  volume  equal  to  that  of  the  carbonic  oxide,  so  that  the  total  quantity  of 
carbonic  anhydride  may  be  thus  indicated : 

*    (a)       b^x  +  z. 
And  lastly,  the  oxygen  consumed,  c,  will  be  composed  of  the  following  quantities : 
by  methane,  twice  its  bulk,  2u' ;  by  hydrogen,  half  its  bulk,  |  ;  and  by  carbonic 

oxide,  half  its  bulk,  ^',01  the  total  quantity  of  oxygen  consumed  will  be  the 
iolluwing : 

(3)      o-a*+^  +  f. 

From  these  three  equations  the  value  of  ^r,  y,  a  an  determhaad: 

«  s=   «  —  $ 

3 

jr»  a-o  ; 

a+Ah 

z  «  — c 
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maiite  direelioaa  lor  the  analjm  of  vtrious  gaseous  auxtnni  ate  given  bj 
Begmnlt  in  the  foaith  Toliune  of  his  Court  MSmmUair^  de  Chimie,  which 

eontains  a  deacriptlon  of  a  form  of  eudiometer  well  adapted  for  accurate  ox  peri - 
ments  ;  this  eudiometer  has  been  advantageously  mo<lified  by  Fraiikhmd  and 
AVard  (Journ.  Cfivm.  Soc.  vi.  I  97).  Buiiseii  lias  also  introduced  verv  important 
iuipruvementii  into  the  manipulatiun  and  apparatus  reijuired  tur  the  analysis  of 
gases,  whiefa  sre  folly  detuled  in  his  Gasometry,  trsniJated  by  Boaooe  (400  also 
the  article  on  Eudiometrj,  in  Liebig  and  PoggendorflTs  Handusorterhuek  der 
Chemie,  vol.  ii.);  and  the  modes  of  roaoipulation  have  been  still  further  simpli- 
fied by  WilHanison  and  Kusscll.  {See  also  Watt's  D'u  fionary,  i.  268,  Suj^lc 
w^etU,  p.  140,  and  Sutton's  Volumetric  Anal^fsi^t,  2ud  iiklition,  p.  300.) 

(1050)  CakuHaium  of  AnalyMet, — ^We  will  suppose  the  analysis 
brought  to  a  inicoessful  issue,  and  the  percentage  of  each  element 
it  contains  calculated.  It  is  evident  that  the  information  derived 
from  this  source  is  but  scanty ;  for  it  furnishes  no  idea  either  of 
the  rimplest  formula  of  the  organic  body,  or  of  the  relations  of 
the  body  to  the  substances  concerned  in  its  production,  or  obtain- 
able from  it  by  its  decomposition.  The  first  thing  is  to  ascertain 
the  empirical  formula  of  the  compound,  which  can  be  easily  done 
in  the  following  manner.  Suppose,  to  take  a  simple  example, 
the  results  of  the  analysis  have  given  68  6  7  per  cent,  of  carbon, 
4  95  of  liyclroj^en,  and  26" 38  of  oxygen.  If  we  divide  the  per- 
centage of  oarlxjn  by  its  atomic  weight,  12,  tliat  of  the  liydrogen 
by  I,  and  the  oxygen  by  16,  we  obtain  tlic  numbers  5723,  4*95, 
and  r'^)49  representing  the  atomie  proportions  of  earljon,  hydrogen, 
and  oxygen  respectively  in  the  substance,  so  that  its  fornnda 
would  be  ^^iT.i9*  liowevcr,  all  definite  conij)ounds 

have  formuhe  ^vitli  whole  numbers,  it  becomes  necessary  to  find 
approximately  three  whole  nnmljcrs  which  bear  the  same  relation 
to  one  another  as  these  three  fractions.  The  most  convenient 
way  of  doing  this  is  as  follows : — Assume  the  oxygen  to  be  60, 
then  the  carbon  and  hydrogen  will  be  found  by  the  following 
proportions : 

For  the  carbon  i'649  57^3  :  :  60  i  x 
For  the  liydrogen  i'649    :    4-95      :  :    60  \  y 

Here  ^rs 208*2  and  y^i^o'i.     Disregarding  t^e  decimals  the 
formula  may  therefore  be  written        H,gp  O^^. 

There  are  comparatively  few  substances  which  contain  more 
than  six  atoms  of  oxygen,  or  O,,  and  the  number  60  was  chosen 
for  the  oxygen  as  it  is  divisible  by  all  the  whole  numbers  leas  than 
six.  Consequently,  having  assumed  the  oxygen  as  and  calcu- 
lated the  formula  accordingly, — ^in  this  case  H^g^  — ^we 
can  readily  find  the  empirical  formula  by  inspection.  It  is  here 
evident  that  the  substance  contains  Oy  and  dividing  by  30  we 
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obtain,  approxiinatelji  the  formula  HgOg,  the  carbon  being  as 
might  be  expected,  a  Httle  lower  than  that  required  for  C^.  On 
calcttlating  the  percentage  of  the  formula  C^H^O,,  benzoic  acid, 
we  can  then  compare  it  with  the  reaulta  of  the  analysia : 


Calrn1iit<>d. 

Found. 

..•  6885 

...  6867 

H,=  6 

•  ••  4*92 

26*38 

lOO'OO 

lOO'OO 

The  same  principle  is  employed  in  ralrnlating  the  empirical 
formula  of  more  complex  suljstance.s  containing  other  elements  in 
addition,  such  as  nitrogen,  chlorine,  jind  sulphur. 

§  III.   ^roLKCULAK  FORMULJ!. 

(105  ()  The  empirical  formula  thus  deduced  is  merely  the 
simple.'tt  expression  of  the  result  of  analysis  in  terms  of  the  atomic 
weight  of  the  elements  contaiued  in  the  compound  analysed.  It 
expresses  the  ratios  in  which  the  atoms  are  combined,  but  it  does 
not  afford  any  information  as  to  the  number  of  atoms  of  the 
Tarious  elements  contained  in  a  molecule  of  the  compound.  The 
molecular  formula,  however,  is  always  either  identical  with,  or 
some  simple  multiple  of,  the  empirical  formula. 

The  only  method  by  which  we  are  enabled  to  ascertain  the 
molecular  formula  of  a  body  with  any  certainty,  is  to  determine 
its  Yapour  density,  or  specific  grayity  in  the  gaseous  state. 

(1051)  Hofmamn'i  Method  for  Vt^pow  DennHeB, — Of  the  two 
methods  employed  for  this  purpose  which  have  been  already 
described  (Part  1.  p.  284)  one  is  known  as  that  of  Dumas,  and  tl^ 
other  as  Oay-Lussac's.  A  modification  of  the  latter  has  recently 
been  introduced  by  Hofinann 'which  possesses  many  advantages 
and  is  available  for  determinations  of  all  compounds  whose  boiling 
points  are  below  250*^  (482°  F.)  and  which  do  not  attack  mercury\ 

The  apparj^tus  which  is  represented  in  fig.  389,  consists 
of  a  graduated  tube  ab  about  i  metre  lonpr,  and  15  to  20  millims. 
wide,  which  is  filled  with  dry  mercury^  and  then  inverted  with 
tlic  open  end  in  the  vessel  g,  also  containing  mercury.  The 
upper  portion  of  the  laboratory  tul>e  aA,  is  surrounded  by  a  wide 
glass  tube  cd,  so  that  a  current  of  the  vapour  of  some  liquid  of 
constant  boiling  point,  such  as  alcohol,  water,  or  aniline,  can  be 
passed  tlirough  the  annular  space  between  the  two  tubes.  A 
small  stoppered  ilask  A,  similar  to  that  shown  in  tlie  figure. 
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but  aomewluit  smaller,  is  completely  filled  with  the  sabstance 
Qoder  ezaminatioii,  the  weight  W  of  which  must  be  ascertamed. 
The  flask  and  its  contents  is  then  carefnlly  introduced  into  the 
laboratory  tube  iA,  and  on  rising  into  the  Tacnnm  in  the  upper  part^ 
the  stopper  generally  comes  out  of  itself.  A  current  of  the  vapour 
from  the  vessel  e  is  now  sent  through  the  tube  jed,  the  lower  end 

Pio.  389. 


of  which  is  connected  witli  a  suitable  condensing  apparatus  at  d. 
This  converts  the  liquid  in  the  small  flask  at  f,  into  vapour  which 
soon  attains  a  constant  temperature,  whilst  the  mercury  column 
gradually  sinks.  As  soon  as  this  becomes  stationary  the  volume 
in  cubic  centimetres  of  the  vapour  in  the  upper  part  of  the  tube 
is  observed,  together  with  the  atmospheric  pressure  from  a 
bannnetric  readings  and  also  the  height     of  the  mercury  odumu 
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}g,  which  must  he  corrected  for  the  temperature  of  the  heated 
portion  of  the  column  and  also  for  the  tension  of  the  mercury 
vapour  corresponding  to  the  temperature,  /. 

The  weight  of  an  equal  volume  of  hydrogen^  under  similar 
dxcomstances  Is: 

P-H 

P  0000895,  V.  (.^.0.00367  0760 

and  tibe  vapour  density^  of  the  substance  is  therefore  given  hj 
the  equation : 

w(i +0*00367  0^750 

0^^0895.  V(P-H) 

As  the  vapour  density  is  here  determined  under  diminished  pres- 
sure^ the  temperature  required  to  obtain  an  accurate  result  ia 
considerably  lowered^  and  consequently  unstable  compounds  are 
much  less  Ukcly  to  undergo  decompositbn. 

(1053)  All  bodies  in  the  aeriform  condition,  vhether  simple 
or  compound,  if  compared  at  equal  temperatures,  increase  by  an 
equal  fraction  of  their  volume  for  equal  increments  of  tempe* 
rature  ;  in  other  words,  tliey  have  the  same  coefficient  of  dilata- 
tion when  heated.  In  like  manner  equal  volnmrs  of  all  gases 
and  vapours  undergo  equal  amounts  of  compression,  for  equal 
iucrcments  of  pressure,  if  the  comparison  be  made  under  similar 
circumstances.  It  ai)j)cars,  therefore,  that  the  elastic  force 
of  all  gases,  whether  simple  or  compound,  is  sensibly  equal  and 
uniform  ;  hence  it  has  been  concluded  that  under  similar  circum- 
stances of  temperature  and  pressure  equal  volumes  of  all  gases  and 
vapours  contain  an  equal  number  of  molecules.  This  hypothesis 
of  the  constitution  of  gases  we  owe  to  Avogadro  and  Ampere. 

Assuming  then  that  equal  volumes  of  gases  coTitain  an  equal 
number  of  their  constituent  molecules,  it  follows  that  the  relative 
weights  of  these  molecules  must  be  the  same  as  the  relative 
weights  of  the  equal  gas  volumes.  Adopting  as  a  standard  the 
hydrogen  molecule  weighing  a,  we  may  therefore  say  that  the 
weight  of  the  molecule  of  any  gas  is  expressed  by  a  number  equal 
to  twice  its  specific  gravity  referred  to  hydrogen,  so  that  in  order 
to  ascertain  the  molecular  weight  of  any  substance  in  the  gaseoua 
state^  we  have  .simply  to  determine  its  specific  gravify  with  re* 
ference  to  hydrogen^  and  to  double  the  number  thus  obtained. 
The  Tolnme  which  a  given  weight  of  the  compound  occupies 
when  converted  into  vapour  at  the  temperature  snd  under  the 
preBsuie    being  ascertained  by  cxpeiimenti  the  r^uired  vapour 
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density  D,  of  the  compound  referred  to  hydrogen  as  unity  is 
found  by  dividing  this  Tolume  by  the  weight  of  an  equal  Yolome 
of  hydrogen  also  at  the  temperature  t,  and  pressore  : 

If  the  density  of  the  vapour  be  referred  to  air  as  unity,  the 
density  referred  to  l|ydrogen  as  unity  is  at  once  given  on  dividing 

by  '06926,  the  specific  gravity  of  hydrogen  referred  to  air. 

On  the  other  hand,  the  density  corresponding  to  any  par« 
ticolar  formula  is  found  by  dividing  the  sum  of  the  atomic  weights 

of  the  elements  composing  the  corajwimd  represented  by  the 
formula  in  question  by  2.  Thus  the  empirical  formula  of  tur- 
pentine as  determined  by  analysis  is  CjHg,  the  density  corre- 
sponding to  which  is 

12x5+1x8  68 

 ~  =54> 

but  the  number  obtained  on  determining  the  vapour  density 
of  that  substance  is  approximately*  68  ;  hence  the  molecular 
formula  of  turpentine  is  twice  C.Hg,  or  Cj,,TIjg.  Similarly, 
analysis  shows  that  the  empirical  formula  of  benzene  is  CH_,  the 
density  corresponding  to  which  is 

2  2 

The  vapour  density,  however,  is  determined  to  be  approximately 
39 ;  it  becomes  necessarvj  therefore,  to  multiply  the  empirical 
formula  CII  by  6  in  order  to  obtain  the  molecular  formula  of 
benzene.  This  gives  Cgllg  as  the  formula  correspond iuf?  to  the 
density  39.  Again,  the  empirical  formula  of  ether  as  determined 
by  analysis  is  C^Hi^O,  whence 


J)  _  12x4+1  X10+16  _ 


2 


37; 


the  experimental  determination  of  its  vapour  density  gives  as 
result  the  number  37*13.  In  this  case,  therefore^  the  empirical 
is  shown  to  coincide  with  the  molecular  formula, 

(1054)  It  is  not  always  possible  to  fix  the  molecular  formula 
(tf  a  compound  by  determining  its  vapour  density^  as  many  sub- 


•  Owing  to  iniavflJdsbla  espsrimeatal  snranb  tlie  nomben  obtabad  are  never 
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stances  caunot  be  volatilized  without  uudcrgoiug  (lecoin})()sitioii. 
In  sueli  cases  the  molecular  formula  can  only  be  ascertained  by  a 
study  of  the  chemical  and  physical  properties  of  the  compound, 
and  a  caieful  investigation  of  a  number  of  its  derivatives. 

The  molecular  formula  may  often  be  apj)roximately  determined, 
or  rather^  to  speak  exactly,  an  estimate  obtained  in  favour  of  the 
adoption  of  the  empirical  formula  deduced  from  the  analysis,  or  of 
some  particular  multiple  thereof,  if  the  compound  possesses  acid 
or  basic  propertiesi  ue.,  if  it  be  capable  of  yielding  salts  or 
combining  with  adds.  For  example,  the  simplest  formula 
dedacible  itom  the  analysis  of  acetic  acid  is  CH^O ;  is  acetic 
acid  most  probably  represented  by  this  formula,  or  by  CgH^O^i 
CjHjOj,  &c.,  or,  in  other  words,  is  the  molecular  weight  3c,  60, 
or  90  ?  Information  on  this  point  is  afforded  by  the  analysis  o£ 
the  silver  salt  prepared  from  the  add. 

It  is  found  that  4*873  grains  of  silver  acetate  yield  a  residue 
of  3*149  grains  of  metallic  silver  on  ignition.  If  then  3*149  of 
salver  are  contained  in  4*873  of  silver  acetate,  how  much  silver 
acetate  will  contain  108  (i  atom)  of  silver?  By  the  pro- 
portion: 

3-149  :  108  ;  :  4-873  :  x  (=167), 

we  find  167  for  the  molecular  weight  of  the  silver  salt,  supposing 
the  acid  to  be  monobasic,  and  in  order  to  ascertain  the  molecular 
weight  of  the  acid,  we  must  deduct  from  this  Jo8 — the  number 
of  parts  of  silver  it  contains^  and  add  1 — the  number  of  parts  of 
hydrogen  replaced  by  108  of  silver,  and  we  thus  obtain  as  result 
the  number  60.  It  is  thus  proved  that  the  molecular  formula  of 
acetic  acid  is  not  CH^O,  but  that  it  is  either  C.JIjOo  or  some 
multiple  thereof.  What  the  molecular  formula  really  is  can  only 
be  determined  by  ascertaining  the  vapour  density.  This  is  found 
on  trial  to  be  approxinuitely  30,  and  the  molecular  formula  is 
thus  finally  fixed  as  being  C^HJJ^. 

In  a  similar  manner  the  potassium,  sodium,  barium,  lead,  or 
other  salts  may  be  employed.  In  the  case  of  basic  substanceSi 
either  the  amount  of  substance  associated  with  one  or  more 
molecules  of  an  acid  is  determined  by  analysis,  e.ff,  the  hydro- 
chloric acid  in  the  hydrochloride  of  the  base,  or  the  amount  of 
platinum  contained  in  the  double  salts  which  many  of  the  hydro- 
chlorides of  bases  form  with  platinic  diloride. 

(^^55)  Polymeric,  metamaric,  mid  isomeric  comptmnds. — Com- 
pounds which  have  the  same  percentage  composition,  and  there- 
fore the  same  en^nrical  formula,  but  which  are  represented  by 
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d^areni  molecular  formukB,  are  said  to  be  polymerie,  ThnSj 
cyanic  acid  and  cyanimc  acid  are  calKd  polymeric,  as  although 
both  have  the  same  empirical  formula,  CNOH,  the  molecular 
formula  of  the  former  is  CNOHj  whilst  that  of  the  latter  is 
CgNgO^Hj.  In  a  similar  maimer,  cyvx^  chloride,  CNCl,  aud 
cjanoric  chloride,  CgNjCl^,  are  polymeric,  and  also  aldehyde, 
CJB.fi,  and  paraldehyde,  CfH„0,. 

Bodiei  poateasing  the  aame  percentage  comporition,  and  also 
the  aame  moleciilar  formula,  are  considered  to  he  either  metamerie 
or  tfommc,  according  to  the  relation  which  they  bear  to  one 
another  in  their  physical  properties  and  chemical  behaviour. 
Thua,  they  are  said  to  be  metamerie  when  there  is  a  marked 
difference  in  their  physical  properties,  and  in  their  beharioiir  under 
the.  influence  of  chenucal  reagents ;  whilst  isomeric  bodies  are 
thoae  which  may  be  shown  to  be  members  of  the  same  series, 
either  by  their  method  of  formation,  or  by  the  analogous  changes 
which  they  undergo  when  submitted  to  the  action  of  various  re- 
agents. Propionic  aldehyde  and  acetone,  for  instance,  are  con- 
sidered to  be  metamerie,  as  wlien  treated  with  oxidizing  agents 
the  former  is  converted  into  propionic  acid  : 

2  C^lip  +  Oji  =  2  CjH.O, ; 
Snftenlc  tldatajdn  iMptooloiioM* 

whilst  the  latter  yields  formic  and  acetic  acid : 

C,H,0  +      +  OH,  =  CJip,  +  CHjO,. 

Acetuoe.  Acetic  acid.        Fonnic  Mid. 

On  the  contrary, the  three  dimethylbenzenes,known  as  orthoxylene, 
metaxylene,and  paraxylene, having  the  molecular  formula, CgUi^^s 
C^H^iCH^)^,  are  called  isomeric  compounds,  for  they  can  be 
obtained  from  benzene  by  the  displacement  of  two  of  the  hydrogen 
atoms  by  the  methyl  gronp,  CHg,  and  when  oxidiied  by  dilute 
nitnc  add  they  yield  three  corresponding  methylbensoic  acids, 
CfiJpB^.COOU.  Another  hydrocarbon,  C,H|o,  is  known, 
which  is  metamerie  with  tiie  three  dimethylbensenea ;  it  ia 
ethylbenaene;,  C^H,.  Cfl^,  obtained  by  the  displacement  of  one  of 
the  hydrogen  atoms  in  bensene  by  the  ethyl  group,  C^Hg.  When 
oridiaed  it  ia  ooaverted  into  bensoic  acid,  C^H^.COOH. 

The  term  isomeric,  however,  is  frequently  employed  in  a 
mofe  extended  sense  to  signify  compounds  which  have  the 
same*  percentage  comporition^  but  whidi  differ  in  chemical  pro- 
pertiei. 
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CHAFFER  IL 

§  I.  Quaniipalence  ; — §  II.  Classification  of  Carbon  Compounds  ; — 
§  IIL  Theerp  qf  Compomd  Radicles, 

§  L  UUANTITALBNCB. 

(1056)  OesERVATioy  has  shown  that  each  eleinentary  substance 
has  a  teuHcucy  to  unite  with  the  other  elements  in  a  particular 
manner,  and  the  special  peculiarities  of  these  combinations  have 
rendered  it  necessary  to  arrange  the  elements  in  six  principal 
groups  (see  also  Part  I.,  p.  35)  of  vionuds.  dyads,  triads,  tetrads, 
2)entads,  and  hexads,  according  as  they  are  equivalent  in  com- 
biuiug  or  replacing  power  to  one,  two,  three,  four,  five,  or  six 
monad  atoms  of  hydrogen.  The  particular  class  of  the  element 
or  radicle  may,  when  needful,  be  pointed  out  as  proposed  by 
OdUng  by  affixing  the  marks  (')  (")  ('^)  H  H  to  indicate 
its  monad,  dyad,  triad,  tetrad,  pentad,  or  hexad  character. 

All  the  members  of  the  same  group  exhibit  a  certain  simi- 
larity, for  when  any  one  of  them  enters  into  combination  with 
another  element.  A,  the  compound  so  formed  is  usually  similar 
in  composition  to  the  compounds  which  the  other  members  of  the 
group  form  with  the  same  element,  A. 

(1057)  A  ditttnctfon  has  already  been  drawu  (p.  29,  Part  I.)  between,  i.  tiie 
^^om.whiohiatbeamalleatdteiiiically  indiviaible  particle  of  each  element  which  eaa 

exiitt  in  a  compound  united  with  other  partioka  either  of  the  lame  or  of 

different  kinds  of  matter,  but  which  is  not  known  in  a  separate  form  ;  and  2, 
the  Molecule,  or  the  smallest  quantity  of  any  elementary  substance  which 
\A  capable  of  existing  in  a  separate  form.    H,  tor  instance,  iudicatt^  the  atom 

of  hydrogen,  whih»t  j||  w  Ht»  represent*  its  molecule. 

The  molecule  of' a  compound  must,  it  is  obvious,  consist  of  at  least  two 
atoms,  since  it  cannot  consint  of  less  than  one  atom  of  at  least  two  different 
kinds  of  matter;  and  in  like  manner  it  is  probable  that  the  molecules  of  most 
of  the  bckBea  hitherto  detfuribed  as  isolated  elementa  are  compounds  of  the  ele- 
ment with  itidf.  If  thia  Hew  be  oorreet»  it  mnat  happen  that  when  aoeh 
bodies  unite  with  other  ^o-oalled  elementa  of  the  aame  group,  the  act  of  oomU* 
nation  is  attended  by  double  decomposition,  and  not  by  direct  union. 

When,  for  example,  hydrogen  and  chlorine  unite  to  ibrm  bydrodilorio  acidf 
the  cban^  should  be  thus  represented  : 

H,  +  CI,  =  HCl  +  HCl; 

the  equation  indicating  that  one  of  the  atoms  in  the  molecule  of  hydrogen 
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clianc;ei*  place  with  one  of  the  atoms  of  chlorine  in  the  molecule  of  chlorine;  and 
the  resuit  iii,  the  formation  oi  two  molecules  of  hydrochloric  acid.* 

lo  fnithwr  juitifiaatipp  of  &k  viow,  ft  tnoj  bp  italMl  m  a  vnilMrm  raralt  of 
obicnration,  ihat  in  all  the  wactiotm  in  whioh  dblpnne  gaa  is  oonoemed,  not  one 
it  known  in  which  lew  than  two  atoms  of  chlorino  u  required.  Take,  for 
example^  the  ineoMiiye  itepe  of  the  aotioa  of  ohlorine  npon  ethjlenio  ohloride : 

C,H,C1, 4- CI, .  C,H.C1,  +  Ha 
C,H,C,  +  Cl5-C',H,Cl,  +  HCl 
C,11,C1^  +  CI,  =  C,*H  CI,  +  HCl 

cji  CI.  4-ci,  =  c,ci.  +  nci 

As  this  is  true  in  all  other  cases,  it  has  been  a>ncluiled  that  the  molecule 
of  chlorine,  that  is  the  smallest  particle  which  can  exist  in  the  free  state,  must 
eontain  two  atom*  of  dilorine. 

It  hae  also  been  obaenred  that  at  least  two  atoms  of  bromine,  or  of  iodine« 
ncut  be  present  in  every  reaction  in  which  they  take  part ;  and  the  »ame  is  true 
of  hydrogen  and  of  all  the  metiils  which  conchpond  to  hydrogen  in  at<Mnie 
eharacter.  Many  compound  substances,  indeed,  may  be  looked  upon  as  inter- 
mediate between  the  eiemente  or  the  radicles  which  enter  into  their  formation  j 
ae  for  initaaee: 


Sodium  NaNn 

Sodic  iodide  .    •    •    .  Nal 
Iodine  II 


I*  Hydngen    •   •  •   •  nil 

2.  Hydrodilorio  acid  .   •  HCl 

3.  Chlorine  ClCl 

In  like  manner  the  alkaline  hydratw  and  aneb  bodiaa  aa  kgrpochloMMBB  add  may 
be  regarded  ai  componndi  intermediate  between  water  and  the  anhydrona 
oxidea: 


I   Water  HHO 

2.  Pota^sic  hvdrate  .    •    .  KHO 


Water  HHO 

HyiKichlorons  acid    .    .    .  HCIO 


3.  Pota&sic  oxide     .    ,    .    KKO    liypochlorous  anhydride    .  CICIO 

So  aho  hydric  potassio  aolphide  ia  intermediate  between  eolpharetted  hydrogen 

nd  dipotassic  sulphide. 

It  is  frequently  the  case  that  the  most  probable  inference  respecting  the 
magnitude  of  the  molecnle  of  a  body,  the  vaponr  density  of  whkh  eannot  be 
aaeertained,  b  founded  upon  the  fonnaticni  dT  andi  intermediate  oomponnda. 

"For  example,  it  is  inferred  that  the  molecule  of  ethylic  (or  ordinary)  ether 
cannot  be  less  than  CJIj^O,  because  of  the  existence  of  methyl  ethyl  ether, 
which  ia  a  compound  iutennediate  between  ethyl  ether  and  methyl  ether  : 

UursUMT.  M efkif  etS  jl  siter.  Mailqrl  etlMr. 

In  this  case  the  supposition  is  confirmed  by  the  vapour  deusity  of  the  compounds 
whieh  correapond  to  theie  formols. 

It  muat  not»  however,  be  supposed  that  there  ia  no  such  thing  as  direct  com- 
bination between  two  bodies :  the  molecules  of  compounds  frequently  exhibit  the 
power  of  unitiiij^  in  this  manner,  in  which  case  the  number  of  molecules  of  the 
new  body  is  smaller  than  the  sum  of  those  of  its  components :  in  other  words, 
eondensation  oocnre.    When,  for  inatanoe,  I  meiaenfo  of  earbome  oside  and  1  of 

*  Sir  B.  Brodie  explains  this  phenomenon  by  a  ffiflbrent  bypoth^is,  for  the 
development  of  which  the  reader  is  referred  to  hia  papar«  "  (hk  the  Cakalna  of 
Chemical  Operationa"  {JPkiL  Tratu.  1866,  781). 
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chlorine  tmite,  they  form  i  moIeeQleof  o«rbonio  ogqrebloride ;  CO  ••-  CI,,  yielding 
COCl,.  One  molecule  of  mercuiy  and  i  of  ehlorine  yield  i  of  mercuric 
chloride;  Hg  +  CI,  =  HgCI, ;  and  i  molecule  of  ethylene  and  i  of  bromine 

yield  I  of  ethylenio  dibroniide  ;  C  ,H,  +  I',r„  -  Cj,H^13r,.  In  like  manner,  am- 
monia and  hydrochloric  acid  combine  dir*H.tly  ;  H^N  +  HCl  becoming  H^NCl. 
Nitric  oxide  with  oxygen  forms  nitrogen  dioxide  ;  NO  +  O  becoming  NO,. 

(1058)  In  order  to  explain  tlic  combination  of  the  elements 
with  one  another,  each  atom  of  every  element  is  8ii])])C)se(l  to  have 
a  certain  definite  number  of  centres  of  attraction,  or  bonds  as  they 
have  been  called  by  Frankland,  by  which,  and  by  which  alone, 
it  unites  with  other  elements.  To  aid  in  givinji^  precision  to  our 
ideas,  these  bonds  or  points  of  attachment  may  be  represented 
graphically  ;  and  this  has  been  done  in  various  ways,  the  most 
convenient,  perhaps,  being  to  write  the  symbol  of  the  element 
with  as  many  lines  attached  to  it  as  the  element  has  bonds. 

The  atom  of  a  monad,  snch  for  example  as  hydrogen,  is 
assumed  to  have  but  a  single  such  bond,  which  is  indicated  by  a 
tingle  line,  thas,.H — ;  the  same  is  supposed  to  l)e  true  of  each 
monad,  the  atom  of  chlorine  being  CI — ,  In  the  molecule  of 
hydrogen  as  it  exists  in  ihe  gas,  the  attraction  of  each  atom 
IS  saturated  by  that  of  its  fellow,  tiios,  H — H ;  and  the  same  ia 
assumed  tohcdd  good  in  the  molecule  of  other  elementary  monads, 
such  as  gaseous  chlorine,  CI — CL  When  combination  occurs 
between  two  monads,  th^  can  only  unite  in  one  proportion,  and 
a  single  molecule  of  one  element,  by  reacting  on  a  single 
molecule  of  the  other  element,  gives  rise  to  two  molecules  of  the 
compound:  H — H+Cl — CI  becoming  H — O+H — d;  hence 
also,  no  monad  elemmt  or  radicle  has  the  power  of  effecting  the 
union  of  two  or  more  monad  elements  or  radicles  into  one  poly- 
atomic molecule.* 

Each  atom  of  a  dya<l  is  supposed  to  have  two  points  of  union. 
Consequently,  it  may  unite  with  each  of  two  atoms  of  the  same 
monad,  or  with  one  atom  of  two  different  monads,  or  it  may  form 
a  more  complex  group  by  uniting  with  other  dyads  in  various 
ways,  or  it  may  even  cause  the  union  of  several  compound 
radicles  of  more  or  less  simple  constitution  into  one  group  or 
compound  molecule. 

One  atom  of  oxygen,  for  instance,  may  unite  with  two  atoms 
of  hydrogen,  with  two  of  chlorine,  or  with  one  of  chlorine  and 


*  A  molecule  whidl  oonelstA  of  a  single  atom  is  called  a  monatomic  mole- 
cule, if  it  consists  of  two  atoms  diatomic,  and  if  of  three  triatomic.  Similarly, 
we  may  speak  of  monatomic,  diatomio«tristomic  radicles,  and  so  on,  ecoording  to 
the  number  of  atonu  they  contain. 
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one  of  hydrogen  ;  or  it  may  unite  with  a  second  atom  of  oxygen, 
or  with  an  atom  of  some  other  d^^,  such  as  ziuc;  as  for 
instance : 

H— O— H   ;  CI— O— CI    ;    H— O— CI    ;    0  =  0  ;  0  =  Zn. 
WaiUr.         Hjrpochiorooa  lah/dridt.    Ujrpoefalonxu  add.       Oxjgen  gm.       Zinc  ouda. 

In  tins  eaie  tlie  different  elements  are  reiwesented  as  being 
■o  nnited  that  both  the  bonds  of  the  dyad  are  saturated.  But, 
on  the  other  hand,  two  atoms  of  the  same  or  of  diffierent  dyada 
may  be  supposed  to  be  so  united  that  only  one  of  the  two  pointa 
of  anion  is  saturated,  leaving  therefore  two  other  bonds  nnsato- 
rated  and  ready  to  enter  into  combination  to  that  extent  with 
some  other  element  or  eompoimd.  Snch  a  union  would  give 
rise  to  a  dyad  diatomic  radicle  with  two  unsaturated  bouds^  such 
as  — 0—6—,  — S— S — .  &c. 

In  the  case  of  a  triad  like  boron  or  gold  there  are  CI 
supposed  to  be  three  snch  centres  of  attraction,  boric     — CI. 
chloride,  for  example,  being  represented  by  the  formula,   ^  CI 
Combination  with  a  dyad  sucli  as  oxygen,  as  in  boric  anhydride^ 
,BgOj,  may  be  represented  thus:  0  =  B  — O  —  B  =  0. 

The  relation  of  the  tetrad  elements,  of  which  carbon  is  by 
far  the  most  important,  are  somewhat  more  complex,  and  hence 
the  Tast  yariety  of  combinations  which  we  meet  with  among  the 
compounds  of  carbon.  Methane  or  marsh  gas,  CII^,  may  be  taken 
as  the  simplest  instance  of  a  saturated  molecule  containing 
carbon.  It  will  also  afford  a  good  illustration  of  the  effect  of  the 
removal  of  hydrogen  and  the  substitution  for  it  of  a  monad  such 
aa  chlorine  in  monochloromethane  or  methylic  chloride,  CH^Cl ; 
a  monad  and  a  dyad  as  in  carbome  oxychloride,  COQn;  or  two 
dyads  as  oxygen  in  carbonic  anhydride,  CO^  or  sidphur  in 
carbonic  disulphide,  CS^ : 

H  H  O 

1  I  a 

H  H— c— a  a— c— CI   OsCso  SsCsS 

I  I 

H  U 

WwinnMnioiinlliint  Cwboote 


When  substances  are  formed,  into  the  composition *of  which  more 
than  one  atom  of  carbon  enters,  it  is  assumed  that  the  atoms  of 
carbon  are  riveted  together  by  partial  saturation.  If  the  pair  of 
atoms  be  united  by  single  bonds,  it  is  evident  that  the  group  C, 
will  be  hexad  in  power.    Consequently,  if  ethylene  or  olefiant 
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gas,  Cfi^  contains  two  atoms  of  carbon  so  united,  it  will 
furnish  a  radicle  of  dyad  power;  that  is  to  say^  as  indeed  is 
I     I      the  fact,  that  it  should  show  a 

— C — C-    readiness  to  tinite  with  two  atoms 

'      I       of  suiuc  monad,  such  as  chlorine,  j£  j£ 

when  it  forms  cthylcuic  chloride  I  I 

H    H     CgH.Clg,    Indeed  wc  may  regard  a--C--C--a 

^    ^      most  of  tlic  dicarbon  compounds  j|  jj 

I      I       as  formed  from  2  atoms  of  carbon  Ethyleoic  Chloride.* 
H   H     retaining  a  hexad  power,  thus : 

Xtfajleoe. 

Ethane  or  ethylic  hydride  .    .    •    •  ^^^c 

Monochlorethane  or  ethylic  chloride   .  C,**H(G1 

Hexachlorethane  

Aldehyd   C^^Kfi 

Chloral  •    .  C^'^HCljO 

Acetonitrile   Cj^^N'^Hj 

Cyanogen  gas  {Dicyanogen)  ....  Cj'^N'", 

But  it  is  quite  possible  that  the  two  atoms  of  carbon  may  be 

united  by  two  of  their  bonds,  in  which  case  a*  _q  

tetrad  group  would  be  the  result;  and  in  other  ~~ 
instances  the  union  may  be  by  three  out  of  the  four  bonds, 

leaving  only  two  unsaturated  points.    In  the 
~  last  case,  by  their  union  with  two  atoms  of 

 Q—Q  U    a  dyad,  a  molecule  like  acetylene,  C^Hg,  would 

AflMyiitff.  ^®  result.  Compounds  containing  3  atoms 
of  carbon  would  thus,  if  united  by  single 
bonds,  require  8  atoms  of  a  monad  to  complete  the  molecule  ; 
"with  4  atoms  of  carbon,  10  bonds  would  rcqnirt;  saturation  ;  with  5 
atoms,  1 2  atoms  of  a  monad  would  be  needed  ;  and  generally, 
if  M  represent  the  number  of  atoms  of  carbon,  the  number  of 
bonds  in  the  molecule  requiring  saturation  would  be  2«  +  2,  as 
will  be  seen  by  inspecting  the  subjoined  graphic  formulae : 

111  I     I      I     I  I      I      I      I  I 

»C— C— C-    ;    -C--C— C— -C-    J    -C— C-C— G— C- 
III  I     I      I      I  I      I      I      I  I 

In  strict  correspondence  with  this  is  the  fact  that  no  compound 


*  It  is  nearoely  neeeiSBiy  to  remind  the  reader  that  the  graphic  illuetrstioDS 

employed  to  aid  the  conception  are  not  intended  in  any  way  to  represent  tiw 
relative  position  of  the  atoms,  but  lui  rely  to  show  whether  the  compound  is  a 
saturated  or  an  unsaturated  group  or  molecule. 
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of  carbon  and  hydrogen  is  known  in  which  the  number  of  atoms 
of  hydrogen  exceeds  this  proportion. 

(1059)  In  the  foregoing  remarks  no  notice  has  boen  taken  of 
the  fact  that  the  Talency  of  an  element  appears  to  vary  accordiog 
to  the  nature  of  the  element  or  elements  with  which  it  is  associated. 
Thus,  nitrogen,  phosphorus,  and  arsenic,  which  in  a  large  number  of 
their  compounds  are  triads — ^the  compounds  NU^  POl^iPH,,  AsCl, 
may  be  cited  as  examples — are  also  capable  of  entering  into  com- 
bination as  pentads ;  for  instance,  to  form  such  well  known  com- 
pounds as  PCl^  etc.  Similarly,  iodine  which  appears  to 
be-  a  monad  in  such  bodies  as  Ell  is  a  ^ad  in  ICl,;  tin  in  certain 
of  its  compounds  is  apparently  a  dyad,  but  in  others  a  tetrad ; 
and  sulphur  appears  even  to  be  capable  of  playing  the  part  of 
a  dyad,  tetrad,  or  hexad.  On  this  account,  the  elements  cannot 
be  strictly  classified  in  groups  according  to  their  valency.  It  has 
also  been  observed  tliat,  in  a  number  of  instances,  the  same  eleni  at 
apparently  enters  into  conibi nation  either  as  a  dyad  and  triad, 
or  as  a  dyad,  triad,  and  tetrad,  etc.  There  is  reason  to  believe, 
however,  that  the  atom  of  tliosc  elements  whose  valency  is  denoted 
by  an  even  number  (so-called  artiads)  cannot  enter  into  com- 
bination with  an  odd  uuudjer  of  atoms  of  a  monad,  or  the 
equivalent  amount  of  a  polyad  element  ;  and  that  the  atom  of 
those  elements  Avhose  valency  is  denoted  bv  an  odd  number 
{j)€rissads)  cannot  enter  into  combination  with  an  even  number 
of  atoms  of  a  monatl,  or  the  equivalent  amount  of  a  polyad 
element.  The  variation  in  valency  which  thus  apparently  takes 
place,  and  the  fact  that  the  same  element  may  seemingly  act  as 
an  artiad  and  perissad  is  explained  in  various  ways : — 

First,  taking  Naquet's  rule,  it  is  supposed  that  the  highest 
known  compound  determines  the  valency  of  an  element,  and  that 
in  each  of  the  lower  com{)ounds  two  of  the  bonds  neutralize  each 
other  (Frankland).    In  thallious  chloride  TiCl  for  instance, 
CTl-^Cl,  two  of  the  three  bonds  of  thallium  neutralise  each 
other,  wHilst  in  the  rarer  instances,  as  when  thallic 
chloride  TlCI,  is  formed,  each  of  the  tluree  bonds  is  satu«  ^  ^ 
rated  by  chlorine.    In  such  cases  of  partial  saturation     ^  ' 
oi  the  atom  as  in  thallious  chloride,  the  other  bonds 
in  each  molecule  neutralise  each  other  tti  pain;  and  hence 
the  tendency  of  all  the  dements .  to  preserve  their  mode  of 
combination,  either  always  with  an  odd  number  of  atoms 
of  a  monad,  or  else  always  with  an  even  number.    Every  element 
tends  to  form  one  particular  class  of  compounds,  which  are  more 
stable  than  any  other  scries  into  the  formation  of  which  it  enters. 
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For  example,  the  stable  thallium  compounds  are  generally  those 
in  which  the  metal  appears  to  act  the  part  of  a  monad,  not  of  a 
triad ;  corresponding,  that  ia,  to  TlCl,  not  to  TICI3.  With  gold, 
on  the  contrary,  though  compounds  like  aurous  chloride,  AuCl, 
may  be  obtained,  the  most  stable  scries  is  that  in  which  the  triad 
character  of  the  metal  is  distinctly  shown,  as  in  the  trichloride, 
AuClg. 

Again,  in  the  group  of  tetrads,  although  platinum  generally 
forms  compounds  on  the  type  of  platinic  ^ 
CI  chloride,  PtCl^,  it  occasionally  forms  them 

CI    Pt    CI     oil  that  of  platinous  chloride,  PtCl3,iu  which  \qj 
j  it  may  be  supposed  that  the  two  unsaturated 

CI  bonds  are  neutralized  by  reacting  one  against 

the  other.  Such  a  mode  of  representing  the 
formation  of  the  inferior  compounds  seems  to  be  suited  especially 
to  gaseous  compounds  like  carbonic  oxide  CC=0,  as  compared 
with  carbonic  anhydride  0=C=0  j  where  the  specific  gravity 
of  the  gas  defines  distinctly  the  molecule  of  each. 

A  second  explanation  of  the  method  of  combination  in 
multiple  proportion,  which  is  admissible  in  certain  cases,  is  the 
following : — It  is  supposed  that  in  the  lower  compounds,  such  as 
the  aurous  and  platinous  groups,  two  atoms  of  the  element  have 
partially  neutralized  each  other  ;  for  instance,  aurous  chloride, 
AUgCij,  may  be  represented  as  CI — Au=Au — CI,  and  platinous 

CI— Pt— CI 

chloride,  Pt^Cl^  as         11        .      On   this   view    it  becomes 

CI— Pt— CI 

necessary  to  double  the  formula  ordinarily  employed  to  represent 
the  molecule. 

Upon  cither  hypothesis  a  reasonable  explanation  may  be  given 
of  the  remarkable  cases  presented  where  the  same  element,  like 
iron,  seems  to  combine  with  the  monads  in  proportions  repre- 
sented by  both  odd  and  even  numbers. 

It  is,  however,  necessary  to  suppose  that  in  such  cases  as  those 
of  iron  and  the  other  metals  allied  to  it,  viz.,  cobalt,  nickel,  manga- 
nese, chromium,  uranium,  and  aluminum,  they  should  be  viewed  as 
tetrads.  If  this  be  granted,  the  ferrous  compounds,  O 
such  as  ferrous  chloride,  may  be  represented  either  d 
as  FeCl3,where  two  of  the  bonds  neutralize  each  other;  oras  Fe^Cl^, 

where  the  two  atoms  of  iron  are  represented 
Fe=Fe    CI        united  by  two  points  of  atti^^stioiia^Mjn 
,Q     Ql  ferric  compounds   (like  fei 

which  we  know  from  ^ 
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vapour  that  the  molecule  cannot  be  less  than  that  indicated  by 
the  formula  Fej^Cl^,  each  atom  of  iron  in  the  molecule  must  be 
united  to  its  fellow  by  a  single  bond  only,  as  represented  in  the 
diagram  below. 

A  similar  plan  would  be  supposed  to 
CI     CI  prevail  in  the  constitution  of  the  molecule 

CI    Fe    ¥c    CI         aluminic  chloride,  the  density  of  which 
I       I  corresponds  with  the  formula  AU^CIg,  as 

CI     CI  well  as  in  the  case  of  the  analogous  body, 

chromic  chloride. 

According  to  Frankland's  view  sulphur  is  a  hcxad,  and  io  the 
compounds  in  which  it  apparently  plays  the  pari  of  a  dyad  or 
tetrad  one  or  two  pairs  respectively  of  the  bonds  saturate 
each  other.  The  compounds  SII^,  S^Clj,  SO^,  SO3,  SO^Hg  are  on 
this  view  represented  by  the  following  graphic  formula : — 

H 

I 

o  o 

o  00  O  II  I 

H— S— H  CI— S— S— CI   0=S=0  0=S=0  0=S=0 
o  o  u  .  ^ 

I 

H 

Kekule  and  some  other  chemists  maintain,  however,  that  sulphur 
is  uniformly  a  dyad  and  represent  the  above  compounds  by  the 
following  formulaj : — 

H— s— H      CI— s— s— a      0— s— o      o— s— o 


o 

H-^O— O— S— O— O— H 
In  a  similar  manner  different  views  are  held  with  regard  to  the 
valency  of  several  of  the  other  elements. 

^  II.  Classification  of  Carbon  Compounds. 

(1060)  One  of  the  most  characteristic  differences  between 
carbon  and  the  other  elements  is  that  it  is  capable  of  uniting 
"With  hydrogen  in  various  definite  proportions  to  form  a  great 
•variety  of  compounds  termed  hydrocarbons.    These  are  of  great 
interest,  especially  from  a  theoretical  point  of  view,  since  all  carbon 
compounds  may  be  considered  as  derived  from  them  by  substi- 
tntion,  either  di/edlj  or  indirectly.    It  is  for  this  reason  that 

chemistry  as  the  chemistry  of  the 
Itives. 
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(io6 1)  X.  Htdbocabbonb.— 'Carbon  heing  a  tetrad  element,  its 
atom  is  capable  of  uniting  with  at  most  four  atoms  of  hydrogen  ; 
€tma,  the  simplest  known  hydrocarbon,  containing  relatively  the 
smallest  amount  of  carbon  in  proportion  to  the  hydrogen,  is 
methane  or  marsh  gas,  which  has  the  composition  expressed  by 
the  formula  CII^. 

AI(;tliaiic  is  the  first  or  lowest  term  of  a  series  of  hydro- 
carhons  of  grailually  incrrasiiig  complexity,  all  of  wliich  consist 
of  carbon  and  hydrogen  associated  in  the  same  proportion  as  in 
methane — namely,  tliat  expressed  by  the  general  formula,  C,,!!^^,  J 
n  atoms  of  carbon  being  always  associated  with  2n  +  2  atoms  of 
hydrogen.  In  the  following  list  tlie  names  and  formulsB  of  the 
first  ten  members  of  the  series  are  given 

Methane  CH^ 

Ethane   •    •  • 

Propane  QJ^tj 

Tetrane  C^H^^ 

Pentane  C.H^, 

Hexane  .  *  ^«^u 

Heptane  ^7^i6 

Octane  CgHig 

Nonane  ^9^% 

Decane  CJjoHg^. 

It  will  be  observed  that  between  Ccaeh  sncccssive  term  in  this 
series  there  is  a  constant  dillcrence  of  Clio.  Bodies  which  are 
thus  related  to  one  another  are  said  to  be  homoUjijous  (from  ofioQ, 
like;  Xoyo^:,  a  word),  because  a  similar  description  is  applicable  to 
the  diflorent  meml)ers  of  the  series,  since  they  are  not  only 
related  in  composition,  but  also  resemble  each  other  very  closely 
in  chemical  behaviour.  Substances  belonging  to  the  same  homo- 
logons  sericSjhowcvcr.gcnerally  exhibit  a  certain  gradiiaterl  rd&tiovi 
in  physical  properties,  such  as  boiling-point,  specific  gravity,  &c. 

The  hydrocarbons  of  the  methane  or  marsh-gas  series, 
CnHgn+o'  generically  termed  paraffins,  after  the  well-known 
wax4ike  substance  paraffin,  which  is  pnneipally  a  mixture  of  the 
higher  and  more  complex  members  of  the  series.  It  is  to  be 
remarked  that  the  pnraffins  are  saturated  compounds,  I^mX  is,  they 
cannot  enter  directly  into  combination ;  they  are,  however,  capable 
of  yielding  deriyativea  by  exchanging  one  or  more  atoms  of 
hydrogen  for  the  cqnivalent  quantity  of  another  element,  or  of 
one  or  more  of  the  groups  of  elements,  termed  compound  radicles. 

It  is  possible  to  remove  hydrogen  from  the  paraffins  by  certain 
known  methods,  and  thus  convert  them  into  unsaturated  hydro- 
carbons, that  is,  hydrocarbons  which  are  capable  of  uniting 
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directly  with  some  of  the  elements,  notably  the  lialon:ens.  It  is 
found,  liowever,  that  it  is  not  possible  to  obtain  hydrocarbons 
derived  from  the  paraffins  by  the  removal  of  an  odd  number  of 
hydrogen  atoms  ;  these  compounds,  in  fact,  do  not  appear  to  be 
capable  of  existing,  since,  in  all  reactions  where  their  foruiation 
might  be  expected,  we  obtain  a  compound  whose  molecular  formula 
is  double  that  which  would  be  assigned  to  such  a  hydrocarbon. 
^Methane,  for  example,  when  treated  in  such  a  manner  as  to 
remove  one  atom  of  hydrogen  from  it,  does  not  yield  CH^,  but 
the  hydrocarbon  C^Hg,  which  may  be  regarded  as  being  formed 
by  the  union  of  CH,  with  CHg.  Whenever,  in  short,  the  hydro- 
carbona  are  so  acted  upon  as  to  become  converted  by  loss  of 
hydrogen  into  hydrocarbons  containing  the  same  number  of 
carbon  atoms  in  the  molecule,  the  number  of  hydrogen  atoms 
eUminated  is  always  2,  or  some  simple  multiple  of  2.  From  this 
it  naturally  follows  that  the  number  of  hydrogen  atoms  in  the 
new  hydrocarbon  is  always  divisible  by  two.  A  series  of  hydro- 
carbons in  which  the  number  of  carbon  atoms  is  the  same,  bnt 
which  differ  by       are  said  to  be  %$ohgou». 

The  following  is  a  list  of  the  iKxlogous  series  of  hydrocaibons 
of  which  up  to  the  present  time  members  have  been  obtained  and 


investigated  :-* 

^0^20+  8  or  Paraffin  series  of  hydrocarbous. 

CJIgn     or  Olefine 

» 

CnHj„_  J  or  Acetylene 

CnHgn-  4  or  Teri)eue 

9$ 

CnH^n-  6  or  Benzene 

» 

C„H  ,„_  ^  or  Cinuamenc 

n 

C'nHjQ.jQ  or  Acetenylbcnzene 

M 

C„H2n_jj  or  Naphthalene 

M 

^nHjn-M  ®'  I>iphenyl 

n 

Cnn,„«i,  or  Stilbene 

99 

CnHjn^jg  or  Anthracene 

99 

^n^I^n-n  ^  Bensylnaphthalene 

99 

C„II       or  Pyrene 

99 

C„H^_^  or  Chrysene 

99 

C^Hjp  ^  or  Binaphthyl 

99 

CnHjjn.^^  or  Idrialene 

99 

CnII^n_32  or  Tetraphenylcthylenc 

>i 

Several  of  these  isologons  series  of  hydrocarbons  have  only  a 
single  representative ;  others  contain  two  or  three  homologues. 

B  2 
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Vew,  however,  aie  ao  well  repreeentecl,  or  bare  been  so  tborooghly 
investigated  m  the  paraffinti  of  which  i6  homologons  terms  are 
at  present  known,  besides  several  isomerides. 

(106a)   Haioid-derwaHves  of  the  hydrocarbons. -^Bj  the 

direct  action  of  chlorine  or  bromine  on  tlic  hydrocarbons,  one  or 
more  atoms  of  hydrog^en  may  be  displaced  by  an  equivalent 
quantity  of  the  halogen ;  thus  the  action  of  chlorine  on  methane 
gives  rise  to  mono-,  di-,  tri-,  and  finally  tetra-ehloromethaue ; 

CH^       CH,C1       CHjCl,       CHCl,  CCl^. 

Similarly^  by  the  action  of  bromine  on  beniene,  ^6^s>  ^  MU>w« 
ing  series  of  bromobenienes  is  produced : 


CjHgBr   Bromobenzene. 

CgH^Brg   Dibromobeuzeue. 

CgH^Brj   Tribromobenzene. 

CglljBr^   Tetrabromobenzeue. 

CgHBr^   Pentabromobenzene. 

C.Br.   Hexabromobenzene. 


The  hydrogen  in  the  hydrocarbons  may  also  be  indirectly  displaced 

by  iodine. 

These  haloid  derivatives  are  a  most  important  dass  of  com« 
pounds^  inasmnch  as  they  serve>  in  many  cases^  so  to  speak^  aa 
stepping  stones  from  the  hydrocarbons  to  other  classes  of  bodies, 
such  as  the  alcohols  and  acids ;  the  mono-haloid  derivatives  of 
the  paraffins  being  identical  with  the  so-called  haloid  ethers : 
thus  monocUorethanej  C^II^Cl,  and  ethylio  chloride  are  the  same 
substance. 

( 1 063)  Cyano-derwaHves  the  kydroearbons, — By  the  action 
of  metallic  cyanides  on  many  of  the  haloid  derivatives  of  the 
hydrocarbons,  more  particularly  the  iodo-derivatives!,  the  ocnv 
responding  cyano-derivatives  are  produced ;  thus  iodethane  when 

acted  upon  by  argentic  cyanide  is  converted  into  a  cyauoethane : 

C,HJ  +  AgCN  =  CgH,(CN)  +  Agl. 

(1064)  NUrO'derwatweB  of  the  hydrocarbons. — In  some  casea 
the  direct  action  of  concentrated  nitric  acid  on  the  hydrocarbons 
effects  the  displacement  of  one  or  more  atoms  of  hydrogen  by  the 
monad  group  NO^  giving  rise'  to  nitro-compounds,  thus : 

CJI,  +  HNO,  =  C.H^.NO,  +  OH,. 

Benzene.  Nitrobcnione. 

CJI,.NO,  +  HNO,  =  C,H,  (NOJ,  +-  OH,. 

Nitrobenxene.  Diaitrobcoztnc. 

As  the  hydrocarbons  of  the  paraffin  series  and  many  others 
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cannot  be  conTerted  into  nitro-derivatiTes  hy  tbis  means^  other 
methods  mutt  be  resorted  to ;  thus  the  mononitro-paraffins  may  be 
prepared  by  the  mutnal  addon  of  the  iodo-derivatives  of  the 
hydrocarbons  and  argentic  nitrite : 

C,HJ  +  AgNO,  =  C,H,.NO,  +  Agl 


(1065)  II.  Alcohols. — The  alcoliols  may  be  regarded  as  the 
hydroxy  1  derivatives  of  the  hydrocarbons— that  is  to  say,  as 
derived  from  the  hydrocarbons  by  the  substitution  of  one  or 
more  OH  groups  for  the  same  number  of  hydrogen  atoms.  The 
alcohols  arc  in  all  respects  the  arudogues  of  the  metallic  hydrates, 
and  may  frequently  be  obtained  from  the  haloid  derivatives  of  the 
hydrocarbons  by  methods  which  are  similar  to  those  by  which  the 
metallic  hydrates  are  formed  firom  the  metallic  chlorides,  &c. 
Thus  we  haTe,  for  euunple, 

CgHg.OH         corresponding  to  NaOH 

Xtkrlto  filiate  («dliMi7  doohoD. 


C,H,(OH),  „  Ca(OH), 

BtbjieDic  bjdnUe.  Calcic  hydntt, 

C,H,(OH),  „  Bi(OH), 


The  alcohols  are  appropriately  termed  numohydric,  dihydricj 
irihydric,  ^r.,  according  to  the  number  of  semimolecules  of 
hydroxyl,  OH,  which  may  be  regarded  as  present ;  an  alcohol  con- 
taining one  OH  group  being  called  a  monobydrie  alcohol,  if  it 
oontains  two  such  groups  dihydric,  and  so  on.  Each  homologous 
series  of  hydrocarbons  appears  to  be  capable  of  yielding  a  cor- 
responding homologous  series  of  alcohols,  but  of  the  very  large 
number  which  are  tbeoretioally  passible,  comparatiyely  few  are 
at  present  known.  The  monobydrie  aloobols  derived  firom  the 
paraffins  are  the  most  numerous  and  have  received  a  greater 
share  of  attention  than  any  otbers ;  the  series  includes  several  well- 
known  substances,  such  as  ordinary  alcohol,  wood  spirit,  and 
amylic  alcohol  (ftisel  oil).  Glycerin  again  is  a  trihydric  alcobol 
derived  firom  the  third  term  of  the  paraffin  series  of  hydrocarbons, 
and  maanite  and  duldte,  two  bodies  of  vegetable  origin,  are 
hexahydric  alcohols  derived  from  the  rizth  term  of  the  paraffin 
series,  being  intimately  related  to  that  most  important  group  of 
ftub&taiiccs,  the  sugars.    Phenol,  moreover,  the  so-called  carbolic 
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acid,  is  the  moiioli} dric  nlrnhol  of  benzeue,  the  first  term  of  the 
^n^i'n-fi  scries  of  liydroearbous. 

(1066)  Thio-alcohols  or  mercaptans. — These  bear  the  same 
relation  to  the  alcohols  that  the  metallic  sulpliydrates  bear  to  the 
metallic  hydrates,  as  will  be  evident  from  the  following  examples: — 

Aloohoh.  lUodcohDh. 

C9H,.0H    Etbylic  hydrate.    C,H,.SH    Ethyltc  sulphydrate. 
C^H^.OH    FhenoL  C,H,.SH  Thiophenol. 

CjH^(OH)g  Ethylenic  hydrate.  CJ1,(SH)2  Ethylenic  sulphydrate. 

€311.(011)3  Glyceric  hydrate.  C8Hj(SH)3  Glyceric  sulphydrate. 

lli'tJiUic  hydrates.  Metallic  siilphytir.itos. 

NaOII        Sodic  hydrate.       NaSH        Sodic  sulpliydrate. 
Ca(0H)2     Calcic  hydrate.      Ca(SH)3     Calcic  sulphydrate. 

(1067)  Chlorhydrins,  Bromhifdnna,  ^e,  —  Certain  haloid 
derivatives  of  the  hydrocarbons  are  converted  by  more  or  less 
prolonged  heating  with  water  into  corresponding  alcohols ;  tri* 
chloropropane,  for  example,  may  thus  be  converted  into  glycerin : 

C,H,Cl3  -f  3OH,  =  C3H,(OH)3  +  3HCI. 

Trichloroproponc.  Gljcerin. 

Many  of  the  alcohols  on  the  other  hand  when  heated  with  the 
haloid  acids  in  concentrated  aqueous  solution,  undergo  a  change 
which  is  of  the  reverse  order.  Thus  when  glycerin  is  heated 
with  hydrochloric  acid  it  is  acted  upon  in  the  manner  indicated 
by  the  following  equations : 

c^H.ioii),  +  Ha  =  c^n.cuoH),  +  ou^i 

<nyo«fn.  Monodiloiliifdilii. 

C,H,a(OH)j,  +  Ha  =  CjH^CljjCOH)  +  OHy 

](oDooliloili|jdiiB«  Dichfciflijdiliu 

The  term  chlorhydrins  or  bromhydrins  is  applied  to  the  bodies 
formed  in  this  way  from  the  polyhydric  alcohols  in  wMeh  one  or 
more  qf  the  hydroxyl  groups  of  the  origmai  aloohol  stiU  remaim 
intact.  The  term  has,  however,  in  one  or  two  cases  been  im- 
properly applied  to  the  haloid  derivative  formed  by  the  displace- 
ment of  sll  the  hydroxyl  groups  in  an  aloohol  by  chlorine  or 
bromine,  for  example,  the  compound  trichloropropane,  CjHgClj, 
derived  from  glycerin,  is  commonly  known  as  trichlorhydrin.  It 
is  evident  that  the  monohydric  alcohols  cannot  yield  chlorhydrins, 
since  they  only  contain  one  Oil  ^roup;  they  arc  cou^tHiueiitly 
converted  by  the  action  of  the  haloid  acids  into  mono-haloid 
derivatives  of  the  corresponding  hydrocarbons. 

The  chlorhydrins  and  bromhydrins  are  as  a  matter  of  fact 
simply  the  chlorinated  and  brominated  derivatives  of  alcohols  of 


Digitized  by  Gopglc 


1070.] 


XTBBB8 — ALDIHTDB8. 


55 


lower  hydricity  tlian  the  parent  alcohol.  Thus  the  dichlorhydriii 
of  glyecrin,  a  trihydric  alcohol,  is  the  dichloriuated  derivative  of 
the  mouohydric  propylic  alcohol^  as  is  showu  by  its  conversiou 
into  that  alcohol  when  acted  upon  hy  nascent  hydrogen : 

CfiJC[^.OU  +  aH,  =  CjH;.OH  +  nBCL 

(1068)  ni.  Ethbbs. — ^Tbe  ethers  are  a  class  of  compounds 
vbidi  bear  precisely  the  same  relation  to  the  alcohols  that  the 
metallic  oiides  bear  to  the  metallic  hydrates 

C2H5.OH    Ethylic  alcohol.     (C3H.),0    Ethylic  oiide. 

C,H , (OH),  Ethylenie  alcohol.  CM  fl       Ethylenic  oxide. 
CiH^(OH)j  Glyceric  alcohol.     (CsH^jjOj  Glyceric  oxide, 

UeUlHc  bjdrales.  VeUUio  oxides. 

NaOH        Sodic  hydrate.       Na^O        Sodic  oxide. 

CafOH)^     Calcic  hydrate.       CaO  Calcic  oxide. 

Bi(0H)3      Bismuthic  hydrate.  Bi^Og        Bisrautbic  oxide. 

It  will  be  seen  later  on  that  not  only  are  the  methods  by  which 
it  is  possible  to  convert  the  alcohols  into  the  corresponding  ethers 
analogous  to  those  which  may  be  employed  in  the  preparation  of 
the  metallic  oxides  from  the  metallic  hydrates,  but  that  they  also 
bear  considerable  resemblance  to  the  metallic  oxides  in  chemical 
behavionr.  For  example,  many  of  them  are  readily  converted 
into  the  corresponding  alcohols  when  heated  with  water  just  as 
under  similar  conditions,  the  metallic  oxides  axe  oonverted  into 
hydrates : 

{Cfi^fi    +    OH,    =s  aCjHj.OH. 

Na,0    +    OH,    »  aNaOH. 

(1069)  Thiocthers. — These  bear  the  same  relation  to  the 
ethers  that  the  thioalcohols  do  to  the  ordinary  alcohols :  they  are 
the  analogues  of  the  metallic  sulphides : 

Thiocthers.  Metallic  salphide*. 

(C,H3)2S  Kthylic  sulphide         Na^S  Sodic  sulphide. 
(CgH^gS  Pheliylic  sulpliide 

CjH^S     Ethyleuic  sulphide       CaS    Calcic  sulphide. 

(1070)  IV.  ALDEnvDES. — ^The  aldehydes  are  the  characteristic 
oxidation  products  of  the  so-called  primary  alcohols,  and  are 
formed  from  the  latter  by  the  removal  of  hydrogen.  This  may 
be  regarded  as  taking  place  in  such  a  manner  that  the  monad 
group,  CH,.OH,  which  is  common  to  all  the  primary  alcohols,  is 
thereby  converted  into  the  gzonp  (COU)';  so  that,  if  the  primary 
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alcohols  be  represented  by  such  general  fomrnl©  as  R'(CH2.0H), 

R"(CHo.OH)„  kc,  the  corresponding  aldehydes  will  be  repre- 
sented by  the  formulse  R'.COH,  R"(C0H)2,  &c.  The  aldehydes 
may  therefore  be  regarded  as  liydrocarbon  derivatives  formed  by 
the  displacement  of  hydrogen  by  the  monad  group,  COH. 

They  are  readily  reconverted  into  tlie  corresponding  primary 
alcohol  by  the  action  of  nascent  hydrogen : 

R'(COH)    +    H,    =  E'(CHyOH) 
CH3.COH    +  sa  CH,.CH,OH 

With  the  exception  of  a  few  aldehydes  of  the  form  R"(C0H)3, 
all  those  at  present  known  have  been  derived  from,  or  cor- 
respond to,  the  primary  monhydric  alcohols  which  have  the  form 
R^(CH,.OH).  The  best  known  are  the  homologous  aldehydes  of 
the  acetic  and  benzoic  series,  C„H2n+i(C0H)  and  C„H.,  _7(C0H). 
Considerable  interest  attaches  to  this  class  of  bodies  from  the 
numerous  and  iiiterestiDg  reactions  in  which  they  take  part. 

(107 1)  V.  Acids. — Even  at  the  present  time  the  name  ''acid" 
is  given  in  a  Tery  inconsequent  manner  to  a  large  number  of 
substances  which  haye  been  shown  to  belong  to  totally  distinct 
classes  of  compounds.  In  the  case  of  the  carbon  compounds^ 
however^  chemists  are  beginning  to  appreciate  the  importance 
of  precision  in  nomenclature,  and  to  class  as  true  adds  only  those 
compounds  which  behare  similarly  under  certain  test  conditions. 

Bodies  are  ordinarily  said  to  be  acids,  or  to  have  acid  properties, 
if  they  are  capable  of  yielding  so-called  metallic  salts  when  acted 
upon  by  the  metallic  hydrates.  There  are  many  substances, 
however,  such  as  phenol  and  alcohol,  which  possess  this  property, 
so  that  the  capability  of  exchanging  hydrogen  for  a  metal  is,  if 
taken  alone,  an  altogether  insufficient  criterion. 

All  the  true  acids,  with  which  we  arc  at  present  acquainted, 
may  be  included  in  one  or  other  of  the  following  gronps  : — 

(1072)  a.  Carboxylic  or  Carbo-Acids. — When  the  aldehydes  are 
carefully  oxidized  they  unite  with  an  amount  of  oxygen  equivalent 
to  the  amount  of  hydrogen  removed  in  their  formation  from  the 
primary  alcohols,  and  are  converted  into  acids ;  for  example  ; 

Qfifi    -    H,    =  CgHp 

lllVlioaladMiL  AUdQdib 

Cglip    +    O     =  C^H.O, 

▲Idebjd*.  Aoeiic  acid. 

lliese  acids  are  also  formed  by  other  methods  besides  that 
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just  described,  and  a  consideration  of  these  and  of  the  behaTionr 
of  the  bodies  when  sabmitted  to  the  action  of  Tarions  reagents, 
have  led  chemists  to  the  oonclnsion  that  jnst  as  the  group 
(CH,.OH)'  may  be  regarded  lb  common  to  the  primary  alcohols^ 
and  the  gronp  (COH)'  as  common  to  the  aldehydes,  so  the  gronp 
carboxyl  (CO.OH)'  may  be  regarded  as  common  to  all  adds  which 
eshibit  tiie  beharionr  of  the  adds  derived  from  the  primary 
alcohols  by  oxidation.  The  carboxyHc  adds  may  accordingly  be 
represented  bysach  general  formnl»a8B'(GO.OHh  B"(CO.OH)'^ 
B"'(CO.OH)',,  &c.  They  form  a  most  important  group  of 
carbon  compoands^  the  greater  nnmber  of  the  so-called  organic 
adds  at  present  known  being  carboxylic  adds. 

(1073)  b.  Sulphonic  or  Sulpko- Acids. — It  is  evident  that  the 
group  CO.OII  may  be  viewed  as  formed  from  dibasic  carbonic 
acid  CO(()II)„  by  the  removal  of  Oil.  The  presence  of  the 
group  SOg.Oll,  which  has  the  same  relation  to  sulphuric  acid, 
S(),(0II)2,'as  the  group  CO.OH  has  to  carbonic  acid,  CO(OH)., 
may  l)c  regarded  as  characteristic  of  the  sulplionic  acids  or  sulpho- 
acids,  which  are  an  important  class  of  compounds.  They  are 
nsually  formed  by  the  action  of  sulphuric  acid  on  the  hydro- 
carbons, &c.,  and  are  represented  generally  by  such  formiLUe  as  . 
B,'(S02.0II),  R"(SO,.011)2,  &c. 

(1074)  c.  Sulphinic  Acids. — A  few  acids  have  been  obtained 
of  the  form  R'(SQ.OH),  R''(S0.0H)„  derived  from  sulphurous 
add  in  the  same  way  that  the  sulphonic  adds  are  derived  from 
sulphnric  acid.  They  may  be  termed  snlphinic  acids.  They  are> 
however^  of  little  interest,  except  from  a  theoretical  point  of  view. 

(1075)  d.  Phosphonic  Acids. — The  relation  of  these  acids  to 
phosphoric  add  will  be  evident  on  inspection  of  the  following 
fonnultt: 

PO(OH),      J       K'.PO(OH),  5  BVPO(OH) 

Fboipbarioadd.  Fluwpboiuc  adds. 

A  very  limited  nnmber  of  snch  adds  have  as  yet  been  obtained. 

As  previonsly  mentioned^  there  are  varions  compounds  which 
are  finequently  classed  witii  the  tme  adds,  because  they  resemble 
them  to  a  certain  extent  in  their  diemical  behaviour,  although 
their  method  of  formation  and  the  action  of  certain  reagents  on 
them  show  that  they  really  belong  to  a  different  class  of 
compounds. 

The  prindpal  derivatives  furnished  by  the  carbo- acids  are 
metallic  salts,  haloid  salts,  ethereal  salts,  acid  chlorides,  bromides, 
and  iodides,  acid  amides,  and  /uiloid  derivatives. 
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(1075)  Metallic  Sails. — One  of  the  most  characteristic  pro- 
perties wliicli  the  acids  possess  is  that  of  formiug  metallic  salts 
"vvheu  submitted  to  the  actiou  of  metallic  carbouates,  the  change 
consisting  in  the  displacement  of  one  or  more  hydrogen  alums  in 
the  acid  by  the  equivalent  amount  of  a  metal.  It  is  found  that 
the  maximum  number  of  atoms  of  hydrogen  thus  displaccable, 
or,  as  it  is  termed,  the  basicity  of  the  acid,  is  iu  direct  relation 
to  the  number  of  COOH  groups  present  in  it ;  so  that  if  an 
acid  contains  the  carboxyl  group,  COOH,  once  it  is  said  to  be 
monobasic,  if  twice,  dibasic,  and  so  on.  Those  salts  which  are 
formed  from  the  acids  by  the  displacement  of  the  maximum 
number  of  hydrogen  atoms  by  metal  are  termed  normal  salts, 
whilst  those  salts  which  are  formed  by  the  displacement  of  a  part 
only  of  the  hydrogen  are  called  add  salts.  The  composition  of 
tike  normal  salts  of  the  monobasic,  dibasicj  and  tribasic  acids  is 
represented  by  the  general  formnle : 

R'(CO.OM0    5    R"(CO.OM0,   5  R'"(CO.OM03, 

•where  M  is  a  monad  metal ;  the  composition  of  the  acid  salts  of 
dibasic  and  tribasic  acids  coutaiuiug  monad  metal  being  repre> 
sented  by  the  formulsB: 

'CO(OII)  fCO(OH) 


fCO(OH)  . 
*  (CO(OM')    '  * 


CO(OH)  ;  B'''  CO{()M') 
CO(OM')  [C0(0M') 


The  normal  salts  of  many  of  the  monobasic  acids  also 
furnish  so-called  acid  salts  of  the  form  K'.C()(OM'),  ll'.CO(OIi), 
such  as  the  compound  of  acetic  acid  with  potassic  acetate, 
CIIg-COOK,  CH3.COOII ;  whilst  the  union  of  a  normal  salt  with 
one  or  more  molecules  of  metallic  oxide  produces  a  so-called 
basic  salt,  of  which  the  basic  plumbic  acetates  — (CgH,Og)gPb,PbO 
and  (C  Jl  ,0.^)2Pb,2PbO — may  serve  as  examples. 

(1077)  Haloid  Salts. — A  haloid  salt  may  be  regarded  as  a 
normal  metallic  salt  in  which  the  metal  is  displaced  by  the 
equivalent  quantity  of  a  halogen.  Comparatively  few  of  these 
compounds  are  at  present  known.  Schiitzenbergcr,  however,  has 
desoibed  the  following,  which  are  derivatives  of  acetic  add : 

Chlorine  acetate  CHj.COlOCl). 

Bromine    „   CHs-COlOBr). 

Iodine       „   (CH,.CO,),r". 

The  first  two  of  these  are  the  analogues  of  sodic  aceiatej 
CU^.CO(ONa),  whilst  the  third  is  the  analogue  of  bismuthie 
acetate,  (CU,.COj|),Bi''',    These  haloid  saits^  which  axe  very 
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unstable  compounds,  aie  never  obtained  by  the  action  of  the 
halogens  on  the  acids. 

^1078)  Ethereal  SaUi, — ^These  bodies,  which  are  sometmies 
called  compoimd  ethers,  are  related  to  Uie  alcohols  in  the  same 
way  that  the  metallic  salts  are  to  the  metallic  hydrates^  and  may 
oonaeqoently  he  regarded  as  formed  from  the  adds  by  the  dis- 
placement of  H  in  the  COOH  group  by  the  so-called  positive 
alcohol  radidea— thns : 

CH,.COOII       +    NaOII     =    CH.-COONa     +  OHy 

Ae«tic  add.  Sodlo  hjdnt*.  Bodk  acetate. 

CH,.CO(OH)   +    CA.OH    «    CH3.C0(0C,H|)   +  OH^ 

MIoadd.  nhittelvdiiliL  IttjilB  aeiHtfc 

Kurmal  and  acid  ethereal  salts  exist  corresponding  to  the  normal 
and  acid  metallic  salts. 

(1079)  Acid  Chiorides,  Bromides,  and  Iodides. — These  com- 
poinids  are  tlie  characteristie  products  of  the  action  of  the  haloid 
phosphorus  com {)ouiuls  on  the  acids  or  their  metallic  salts.  They 
are  formed  hy  the  displacement  of  OH  in  the  COOU  group  by 
chlorine,  bromine,  or  iodine : 

3CH,.C0(0H)  +  PCI,   a=   3CH,.C0C1  +  PO,H,. 

AMUetiM.  Aeetie  ehloridfl. 

C,H,(CO.OH),  +  aPCl,    =    CjH.lCOCl)^  +  aPOCl,  +  2HCL 

Soccinic  add.  Snoeialc  oUoridi. 

(1080)  Add  Amidet. — This  name  is  applied  to  a  class  of 
compounds  formed  by  the  action  of  ammonia  on  the  add  chlorides, 
or  the  normal  ethereal  salts,  and  also  by  distillation  of  the  normal 
ammonic  salts  of  the  adds.  We  may  consider  them  as  formed 
from  the  adds  by  the  displacement  of  OH  in  the  COOH  group 
by  (N"'H^  : 

CH3.COCI  +  aNH,      =    CH3.C0(NHJ  +  NH^CL 

Acc-tic  chloride.  AoeUmide. 

CHj.COCOCjHJ  +  NH,    =    CH,.CO(NHJ  +  C,H,.OH. 
CHyCOCONHJ  s=    CHj.COCNHs^  +  OH^ 


The  so-called  arnic  acids  and  acid  imides  are  closely  related 
to  the  acid  amides.  The  nature  of  the  relationship  will  be 
evident  from  the  following  formulte ; 


/ 
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Add 

Amic  acid 
Acid  amide 
Add  imide 


^»^*|cO(OH)  Sucdnicadd. 
^A|cO^H)^  Succinamic  add. 
^"^IcOiNHj  Suooiiiamkto. 
CgH^l^^jNH  Suodnimide. 


(1081)  Haloid  derivatwes  of  the  acids, — ^By  the  action  of  chlo- 
rine or  bromine  on  tlie  acids  one  or  more  atoms  of  hydrogen  may  be 
displaced  by  the  haloid,  giving  rise  to  comparatively  stable  haloid 
derivatives,,  e.ff.  : 


CHyCOOH 

.  AMttOMid. 

+  a, 

s    CH,C1.C00H  +  HCL 

V OBOokloiiMlie  wM* 

CH,GLCOOH 

+  a. 

=    CHCVCOOH  +  HQ. 

ViMMMlikneelle  add. 

DloUQtaoetSe  add. 

CllClg.COOII 

+  Cl, 

=    CC1,.COOH  +  HCl. 

IMehkfaoeae  acid. 

Trichloracetic  acid. 

Like  the  ori^nal  acids  these  haloid  derivatiyes  are  capable  of 
yiddiog  metallic  and  ethereal  salta,  add  chlorides^  add  amides,  &c. 

Almost  all  the  foregoing  remarks  on  the  carbo-acids  apply 
generally  to  the  snlphonic  adds.  As  but  few  of  the  sulphinic  and 
phosphonic  adds  are  at  present  known,  it  will  be  better  to  con- 
sider their  characteristic  properties  when  the  individual  compounds 
are  described. 

(J082)  VI.  Acid  AxiiYDRiDES. — Tlicsc  compounds, whicli  may 
generally  be  obtained  by  the  action  of  the  acid  chlorides  on  the 
acids,  bear  the  same  relation  to  the  acids  that  the  ethers  do  to 
the  alcohols : — 

CH...CO 


CHj.CO(OH) 

Aoettoadd. 

„  fCO(OH) 
«  *IC0(0H) 


3  \Q 

CH3.COP 

Aettio  anbjdride. 


C3H5.OH 


6) 


O. 


C,H^O. 


Mljlenie  uxida 
oretbor. 


Th^  are  re(K>nvcrted  into  acids  by  the  action  of  water. 

(1083)  YII.  Kbtonbs.— The  ketones  or  acetones  are  a  dan 
of  compounds  dosely  rdated  to  the  aldehydes^  and  may  be 
regarded  as  deiiTcd  from  them  by  the  displacement  of  H  in  the 
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COH  gnmp  by  the  so-called  positive  alcohol  radicles ;  thus  we  have 

CH,.CO(CHJ  derived  from  CHj.COH 

DhMthjlketoDe.  Aldthyd*. 

C,H..CO(CH,)         „  C.H,.COH 

Metbjrlplicnyl  ketone.  Benzoic  aldehyde. 

Although  the  ketones  closely  resemble  the  aldehydes  in  many 
lespects,  they  may  be  distinguished  from  them  by  their  beha- 
Tionr  with  oxidising  agents;  the  aldehydes  yielding  an  acid 
containing  the  same  number  of  carbon  atoms  as  the  original 
componnd^  whilst  the  ketones  are  converted  into  acids  containing 
fewer  atoms  of  carbon  in  the  molecule  than  the  original  ketone. 

(1084)  YIIL  Amines  and  Alubd  Compounds. — The  com- 
pounds indoded  in  this  most  important  class  are  generally 
xegaided  as  derivattves  of  ammonia  in  which  a  part  or  the  whole 
of  the  hydrogen  is  displaced  by  hydrocarbon  groups,  or  so-called 
posittre  alcohol  ladides.  They  are  kmown  as  monasUfieff ,  tRamine*, 
or  triamme§,  aoooiding  as  they  are  derived  from  a  single  mole- 
cule, two  molecules^  or  three  molecules  of  ammonia.  Moreover, 
primary,  secondary,  and  tertiary  monamines,  diamines,  and 
triamines  are  distinguished;  the  primary  amines  being  formed 
by  the  displacement  of  one-third,  the  secondary  amines  by  the 
displacement  of  two-thirds,  and  the  tertiary  amines  by  the  dis- 
placement of  the  whole  of  the  hydrogen  in  the  one,  two,  or  three 
molecules  of  ammonia,  as  the  case  may  be.  A  few  compounds 
intermediate  in  composition  between  the  primary  and  secondary 
and  secondary  and  tertiary  amines  are  also  known.  The  com- 
position of  the  more  general  forms  of  amines  is  given  by  the 
following  general  formulae,  in  which  the  symbols  R',  E.'"^ 
indicate  respectively  a  monad  dyad,  and  triad  radicle : — 
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The  primary  amines  may  also  be  rcgarrlcd  as  amidogen  (NHg) 
derivatives  of  the  hydrocarbons^that  is  to  say,  as  fonned  from 
the  hydrocarbons  by.  the  displacement  of  one  or  more  atoms  of  • 
hydrogen  by  the  same  number  of  monad  NHg  groups.  Eor 
example^  aniline  may  be  represented  either  as  derived  £tom 
ammonia,  NHy  by  tiie  displacement  of  one  of  the  hydrogen 

atoms  by  the  radicle  phenyl,  C^H^  tLns :  N  j  H  (pheniflamine), 

or  as  derived  from  bemsene,  C^H^,  by  the  displacement  of  the 
hydrogen  atom  by  the  monad  amidogen  group  NH,,  thus: 
C^Il,(SUj)' (anddobenzene).  • 

l!he  amines,  as  a  mle^  combine  directly  with  the  acids  to 
form  substituted  ammonium  salts,  from  which  the  amine  can  again 
be  liberated  on  the  addition  of  an  alkali.    Thus : 

C,H,NH,  +  HCl       =  C,H..NH3a. 
C,H5.NH,a  +  KOH    =    CjHj.NHj  +  m    +  OH,. 
Or  generally 

R'.N'"II,  +  IICl    =  R'.N^H^Cl. 
,E'.N'H,C1  +  KOH    =    R'.N^'H,  +  KCl  +  OH,. 

The  diamines  and  triamines  can  combine  respectirely  with  at 
most  two  and  three  molecules  of  a  monobasic  acid :  many,  how- 
ever, do  not  iiTiite  uitli  so  larj^e  a  proportion  of  acid. 

Many  of  the  tertiary  annnes  combine  directly  -vvith  the  haloid 
hydrocar1)on  derivatives,  such  as  ethyiic  iodide,  CjHjI,  and 
ethylenic  bromide,  CjIl^Br^  thus: 

N(C,H,),  +  C,H,I    =  N(C,HJ,I. 

TrlotbjUoiliML,  T«tntb jUmmonk  loddaw 

When  the  compounds  so  produced  are  treated  with  moist  argentic 
oxide  the  lialogcn  is  repLaced  by  OH,  and  bodies  are  obtained 
which  may  be  regarded  as  derivatives  of  ammonic  hydrate, 
NH,.OH  : 

aN(C,H,)^I  +  Ag,0  +  OH,  =  aN(C,H5)^.0H  +  »AgI. 

Tttnih^imDMnletodiidii.  TMMChylninMnlalifdnto. 

^Chese  compounds  closely  resemble  ammonic  hydrate  and  the 
alkaline  hydrates  in  chemical  behaviour,  precipitating  the  various 
metals  from  their  solutions  as  hydrates,  &c. 

Bodies  corresponding  to  the  amines  have  been  obtained 
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containing  pliospLorus,  arsenic,  or  antimony  in  place  of  the 
nitrogen. 

(1085)  IX.  Oroavo-Metallic  Compounds. — These  are  con- 
Teniently  regarded  as  compounds  of  the  metals  uith  monad 
hydrocarbon  irroups,  the  so-called  positive  alcohol  radicles.  The 
following  is  a  list  of  some  of  the  principal  members  of  this 


class  of  compound 

s  : 

Zo(CH,), 
Zd(C,H^, 

Zinc  methyl 

or 

Zindc  methide. 

„  ethyl 

„  ethide. 

Hg(C,H^, 

Mercury  ethyl 

» 

Mercuric  ethide. 

Hg(CA). 

„  phenyl 

„  phenide 

HgiC,jH,). 
Bi(C,!I,), 

„  naphthyl 

99 

„  naphthide 

Bismnth  ethyl 

99 

Bismuthio  ethide 

Lead  ethyl 

99 

Plnmbic  ethide. 

Sn(C,[K), 

99 

Stannons  ethide. 

8n(C,H,), 

99 

Stannic  ethide. 

• 

99 

Distannic  hezetMde. 

In  addition  to  the  substances  which  may  with  certainty  be 
referred  to  one  or  other  of  the  above  well-defined  classes^  there 
are  many  compounds  which  exhibit  the  distinctive  characters  of 
more  than  one  class :  lactic  acid,  Cj|H^(OH).COOH>  for 
example^  may  be  said  to  be  both  acid  and  alcohol,  exhibiting,  as 
it  does,  the  properties  of  both  daises  of  compounds.  Again,  the 
compound  C^H4(NH,).C00H,  amidobengoic  acid,  is  at  the 
tame  time  amine  and  acid;  for  like  all  bodies  which  contain 
the  CO.OH  group,  it  is  capable  of  yielding  a  series  of  metallic 
talta,  and  like  the  amines  it  is  also  capable  of  combining  with 
adds.  It  will  be  unnecessary  to  form  special  classes  to  indnde 
such  compounds,  as  they  may  be  most  conveniently  arranged  as 
subsidiary  groups  derived  from  the  members  of  the  primary 
series.  Thus  the  acids  like  lactic  acid  are  most  conveniently 
treated  as  monoxy-derivatives  of  the  acids  of  the  acetic  series,  and 
bodies  such  as  amidobenzoie  acid  as  umido-dcrivutiveii  of  the 
acids  of  the  benzoic  series. 

The  simple  nature  (jf  the  relation  between  the  corresponding 
terms  of  the  heterologous*  scries  above  defined  will  be  better 
appreciated  on  inspection  of  the  tal)lc  given  on  pp.  64,  65,  in  wiiich 
the  ditlcTcnt  classes  of  compounds  are  so  arranged  that  all  those 
bodies  which  are  placed  in  the  same  vertical  column  are  homo- 


*  From  frtpot  difibrent,  and  \6yos — a  term  applied  to  bo^ss  whidi,  slthoogh 
aesrly  rslated  to  one  anotlier,  havfl  a  diii«i«nt  oonsfeitiituni. 
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logons,  or  aamflar  in  coiistitution  j  wliilst  tiiose  wliicli  are  placed 
in  different  eolnmns  are  heterologous  or  dissimilar  in  constitution 
and  in  chemical  characteca. 


TttMe  to  Bkutrate  the  Ammgemeni  of 


Hjdrocar> 
bom. 

MoDoludoid- 

Amines. 

Alooholf. 

Thioaloohob. 

Ethers. 

CiiH|B+i  .OH. 

QiH^+i.SH. 

(CaHjq+|),0. 

1.  OH. 

2.  C,rf, 
3-  C.II, 

5.  C,FI„ 

6.  C.H,, 

7.  CyH„ 

8.  CjH„ 

9.  C,H,. 

CH,01 

c,H,a 

C,H,Cl 
C,H,C1 

c,H,.(n 

C,H„Cl 
C,H„C1 

C,H.,Cl 
C^H^jCl 

C,H, .  XH, 
C,H,.NH, 

CtT,.OH 
C,H,.OH 
C,H,.OH 
C,H,.OH 

CjHjj.OH 
C,H„.OH 
C.H^.OH 
CMI,..()H 
C,U„.OH 
OH 

CH,.SH 

c.ii  sir 

Q,H,.SH 

CjH|,  .SH 

(CH,),0 
(C,H,),0 
(C,H,),0 
(C,H,LO 

§  m.  Thkobt  of  Compovno  Badiclbs. 

(10S6)  Liebig  explained  the  similarity  in  properties  between  the 
terms  of  homologous  series  by  supposing  the  existence  in  each,  of  a 
certain  group  of  elements  which  he  regarded  as  the  radicle  of  the 
scries.  In  fact,  he  made  the  theory  of  compound  radicles,*  as  it 
is  termed,  the  basis  of  his  classification,  and  defined  organic 
chemistry  to  be  the  chemistry  of  compound  radicles.  Accord- 
ing to  this  supposition,  the  basis  of  each  ether,  for  example,  is  a 
hydrocarbon,  from  which  all  the  heterolo(/ous  bodies  of  the  senes^ 
or  bodies  not  analogous  in  composition  are  derived ;  thus : 


Compoujui  Radicle. 

Mettiyl    ....  CH, 

Bthyl  C,H, 

Amyl.    .    .    ...  C.H„ 


Ether  or  Oxide  of  the  Radicle, 

Methylic  ether   .  (CHJ,0 
Ethylic  ether     .    (C,H J,0 
Amylic  «liisr     .  (C,HJ,0 


Aleokol,  or  Mjfiraied  Omde, 

]f«(ihy1ie akohol  (wood  spirit)  .   .    .  CH^.OH 

Ethylic  alcohol  (alcohol)  C,H, .  OH 

Amjlie akobol  (foMl  oil)    ....  C^H^.OH 


*  The  GermsB  -term  radibdl  (from  the  Latin  radix,  a  root)  is  oommonly, 
hot  inaocantdyp  tnualsted  radietd,  whieh  ia  properly  aa  a^jectiv^  the  woid 

radiele  being  the  appropriate  renderiag.  A  radicle  may  cooaiat  of  a  single 
olementary  atom,  and  it  then  forms  a  Himple  radicle;  or  it  maj  OODMSt  of  • 
gioop  of  atoDui,  in  which  case  it  ooosUtatee  a  oompoond  radicle. 
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According  to  this  theory  each  simple  ether  is  the  oxide  of  the 
electio-positiFe  hydrocarbon  which  forms  the  radicle  of  the  series ; 
the  corresponding  alcohol  is  the  hjdrated  oxide  of  the  same  radicle^ 


Heienloffoui  Compounds  in  Homologous  Series. 


I  TbioeklMn. 

Aldfthjdaa. 

Katoms. 

iC„H,„4,)3C0 

Acidt. 

c„H^+,covon) 

Anhydridw. 

(C.H^+,CO),0 

Org^no-metallic 

1 

coM)|)ounii.<j. 

1 

CH,.COH 
C^,  .COH 
C,H,.COH 
C,H,.C()H 

r,H„.coii 

C-Hn.COH 
C.H.j.COH 
G«H,».COU 

(CH,),CO 

(C;H.t.CO 
(C,li,|/"0 
(C,H„),CO 

CH  CO(OH) 

Calfj.COiOH) 

CjU^.COiOH) 

C,ll,,.CO(OH) 

C.H,j.CO(OH) 
C',H„.CO(UH) 
C,H„.CO(011) 
C„H.„.CU(OH) 

(CH, .  C0),0 
(C,H,.CU),0 
(C,H,.COKO 

,  (aH,.co/o 

M,.«)).o 

(C^H.l,Zn 
tC,H,>  Zn 

and  the  mono-haloid  derivatiTes  or  so-called  hydrochloric,  hydro- 
hromic,  and  hydriodic  ethers,  are  compounds  in  which  chlorine, 
bromine,  or  iodine  haTe  united  with  the  radicle— just  as  in  the 
corresponding  compounds  of  a  metal ;  in  the  eliiyl  series,  for 
instance,  the  compound  group  termed  ethyl,  C^Hg,  discharges  a 
function  in  these  compounds  analogous  to  that  of  potassium  in  the 
salts  of  this  metal^so  that  representing  ethyl,  C^H^  by  Et,  the  two 
series  would  run  as  follows : 

Potassic  chloride  .  KCl  I  Etiivlic  cliloride  .  EtCl 

Potassic  iodide     .  KI  (  Ethylic  icxlido  .  .  EtI 

Potassic  hydrate  .  KOH  Etliylic  hydrate  .  EtOH 

Potassic  oxide .    .  K,0  |  Ethylic  oxide  .  .  £t,0 

It  is  tnie  that  the  theory  of  conij)oinid  radicles  supposes  the 
existence  of  a  iniiiilicr  of  substances  wliieh  liave  not  been  isohited, 
and  whicli  liave  no  separate  existence,  (lerhardt,  however,  who 
is  usually  followed  by  later  writers,  expressly  rejects  isolability 
as  constituting  any  part  of  his  idea  of  a  radicle  {Trat/e,  t.  iv. 
P-  5^9)'  ^^y^  '■  "  Let  it   be  clearly  understood  that,  iu 

speakin^]^  of  a  radicle,  I  do  not  indicate  any  substance  under  the 
form  and  with  the  properties  which  it  would  have  iu  an  isolated 
conditiou ;  but  I  distinguish  by  it  simply  the  proportion  in 
whicli  ccrtaiu  elements,  or  groups  of  elements,  may  be  sub- 
^stituted  for  others,  or  may  be  transferred  from  cue  body  to 
another  in  the  process  of  double  decomposition."  The  theory, 
8  F 
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indeed^  cannot  he  supposed  to  afford  a  correct  representation  of 
the  constitution  of  organic  hodies ;  but  it  is  a  convenient  fiction^ 
which  materially  facilitates  the  retention  of  the'r  composition  in 
the  memory^  and  the  comprehension  of  the  changes  which  such 
compounds  undergo.  One  of  the  first  groups  to  which  it  was 
systematically  applied  by  Liebig  and  Wohler  was  that  derived 
lioni  the  essential  oil  of  bitter  almonds.  This  oil  was  rej^ardrd 
l>y  these  chemists  as  contaiiiin|j:  an  organic  radicle,  to  ^vliicli  they 
gave  the  name  of  benzoyl,  (.'.ll-O,  and  which  may  ])c  conve- 
niently distinguished  by  the  symbol  Bz.  Althoufrh  niisuccessful 
in  tlic  attempt  to  isolate  this  radicle,  they  succeeded  in  trans- 
ferririT  t!u'  j^n  up  of  which  it  was  snjipfjsed  to  consist  from  one 
elcuK'ntary  substance  to  another,  and  in  causing  it  to  enter  into 
C(/m])ination  with  otiicr  groups;  and  by  the  aid  of  this  hypo- 
thesis they  were  enabled  to  give  as  simple  and  intelligible  an 
account  of  the  mode  in  which  the  compounds  derived  from  the 
oil  were  formed,  as  though  they  had  been  dealing  with  the  salts 
or  other  compounds  of  a  metal.  The  advantages  thus  obtained 
may  he  rendered  evident  by  comparing  the  empirical  formuhe  of 
some  of  these  compounds  with  those  in  which  the  same  bodies 
are  represented  as  containing  the  organic  radicle : 


Empirical 
Fornuila. 


Oil  of  bitter  almonds    .  C.H  0 

Benzoic  acid  ....  ^^'-HgO^ 

Chluriiwied  oomponnd  .  C\H,0C1 

Sulphur  compound  .    .  C,^H,„O^S 


C  TI  0«Bs 

7  a 


15zl{    .  Benzoyl  hydride 

JizOil .  Benzoyl  hyciiate 

BsCl  .  Beusoyl  ehlorido 

BzjS  .  Benzoyl  sulphide 


Cjaoogen  oraipound   .   C,H^ON    |       SeCN  .  Bensoyl  oyanido 

It  is,  moreover^  to  be  observed^  that  many  substances  corre- 
sponding  in  composition  to  certain  of  the  organic  radicles  may  be 
isolated.  The  existence  of  cyanogen  as  an  electro-negative  organic 
radicle,  and  the  remarkable  analogy  in  its  mode  of  eombinaiion 
to  that  of  cldorine  and  the  halogens,  were  known  long  before 
Liebig  had  attcm])ted  to  generalize  the  theory  of  organic  radicles. 

A  large  number  of  the  hydrocarl)on  raiiicles  which  have  at 
present  been  studied  are  monads,  otiiers  are  dyads,  and  a  lew  are 
triads.  No  isolaled  radicle  is  known,  the  molecule  of  which 
contains  an  nm  vcn  number  of  atoms  of  hydrogen  ;  though  so- 
called  isolated  ri'diclcs  with  an  even  number  of  atoms  of  hydrogen, 
are  of  frequent  occurrence. 

I.  All  radicles  hitherto  admitted  of  the  form  C.Hj^^.!,  such  as 
methyl,  CU.,,  ethyl,  Call.,  oramyl,  C^H,^,  are  monads :  as  is  seen 
ill  ethylic  chloride,  CyLCl,  and  aniylie  iodide^  C^iinI ;  and  in 
isolated  ethyl  or  ethylic  etlude^  CjUg.CgUi. 
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2.  Radicles  of  the  form  CJi.,n>  ^iich  as  etljylcno,  C.Hp 
projniene,  C^II^,  and  octylenc,  C^llj^.,  arc  dt/ud,  as  iu  ctliyleiiic 
chloride,  C\II^('l.,.     Such  radicles  may  exist  iu  the  free  state. 

3.  A  radicle  of  the  form  C^Tr,,,.^  is  iu  certain  cases  triad, 
in  otlicrs  monad:  C'JI.,  for  cxauiplo,  is'  triad  in  glycerin, 
rjL(Oii)  j,  but  monad  iu  aUylic  alcohol,  C^U^.OH,  and  in  allelic 
chloride,  C.II^Cl. 

A  radicle  may  as  a  rule  be  made  to  change  its  valency, 
or,  as  it  is  sometimes  called,  its  basicity,  by  the  removal  of 
hvdrogen,  the  valency  being  increased  by  uuity  for  each  atom 
of  hydrogeu  which  is  withdrawn.  As  an  example  of  this  wc  may 
take  methane  or  marsh  gas,  which  is  a  saturated  body:*  by 
acting  upon  this  gas  with  chlorine^  2,  3,  and  4  atoms  of 
hydrogen  may  be  remoyed  in  succession,  and  a  corresponding 
number  of  atoms  of  chlonne  substituted : 

Methane  (mctliylic  hydride)   CII^ 

Monochloromethane  (methylie  chloride)      .     .     ,  CHoCl 

Diehloromethane  (niethylenic  chloride)  ....  CH.-,Clj 

Trichloromcthanc  (chloroform)   CHCl^ 

Tctrachloromethaue  (carbonic  tetrachloride)    .    •  CCl^ 

These  four  deriTatives  of  methane  may  be  regarded  respectively 
as  compounds  of  the  following  four  radicles  with  chlorine : 

Monad    .    .■   (CH,)'  or  CJIj^+j 

Dyad   {CU'r  or  C„II.^ 

Triad   (Cll)"'  or  C^H^i 

Tetrad  

(1087)  Ckemieal  !fype*, — The  VHrioiu  hmnologont  taries  of  bodies  ui 
the  table  on  pp.  64,  65  have  their  represeiitutives  among  the  Rimpler  so- 
called  inor^;anic  comix)unJs;  thus,  for  example,  by  deducting  CHj  from  tlu'  formula 
of  methane  and  the  compounds  derived  from  it  contained  in  the  horizontal 
line  I  in  the  table,  we  arrive  at  hydrogen  and  some  of  its  most  important 
eompoondf  of  umple  oofitUtatioD : — ^The  moleeato  of  mfltbane  if  deprived  of 
CHj,  would  leave  a  residne  consisting  of  hydrogen  only  :  CII^  — CII,  =  H^;  the 
molecule  of  monochloromethune  deprived  of  CH,  would  leave  hydroolilonc 
acid:  ('HCl -Clio HCl  ;  the  mol.cule  of  methyh'c  aloi:.hol  and  of  mothvlic 
oxide  or  ether  deprived  of  CH,  would  leave  water :  Cll,.OH  —  CHj  -  OH  , ;  aud, 
mailsriy,  the  reddne  from  each  molecule  of  methylie  eulphydrate,  CU^.SK,  and 
of  methylie  ratplude*  (OHJ,S,  would  he  hydrie  enlphide,  SH,. 

Uenee  it  appeen  that  the  hypothetical  radicleH  methjl,  ethyl,  propyl*  tetiyl 

*  By  a  saturated  molecule  u  here  undentood  u  coin]>ound  which  will  not 

unit*'  directly  with  an  clefDeiitary  monful,  or  a  monad  r  i  lirlo:  wluMU'Vcr  it  forms 
compounds,  si;ch  compounds  are  pnxluced  hv  suI•^tltulion,  nietiiylio  oliloride 
CiigCl,  (or  example,  being  obtained  from  muthuue  by  subsliluttng  i  atom  of 
fSnr  I  of  hydroj^en. 

w2 


Digitized  by  Gbogle 


68  CHEMICAL  TYPES — HYD&OGEN  TT?B.  [1087. 


or  butyl,  pcntyl  or  amjl,  Ajo.,  are  bodiis  whiob  correipoiid  to  hjdrogen,  and  that 
they  may  b«  regarded  aa  homolt^ea  of  a  11x168  in  which  hydrogen  fanm  the 

lowest  tenn  :  that  the  nionochlorinated  hydrocarbons  are  the  homologues  of 
hydrochloric  acid,  whilst  the  alcohols  and  ethers  are  homolo^'ues  of  water,  and  the 
niercaptans  and  sulphides  honiolo^^ues  of  liydric  sulphide.  Hydrochloric  acid, 
watfir,  and  hydric  suipliide  may,  tlierefore,  be  regarded  a«  the  patterns  or  ii/jiU 
upon  whidi  thoae  eeTeral  6odie>  are  formed. 

Thia  idea  of  referring  organic  compounda  to  aome  aimple  repreaentative 
or  type  wan  ayRtematically  worked  out  by  Laurent  and  by  Gerhardt 

The  four  principal  types  to  which  moet  oi'  the  oompoimda  of  Olgaiue  dlO- 
mistry  may  be  relerred  are  the  following : 


H'  ) 

I.  The  hydrogen  or  metallio  ^ype  .    -^ffi^  ^iS 

11'  I 

3.  The  oxide  or  water  type.   .    .        >  0",  or  U,0| 

%,  The  nitride  or  ammonia  type  •   H'  VH*,  or  H,N ; 

H'j 


H 

H' 

4.  The  mamh  gas  type  .    .    •    .    ^/  ^  C'^,  or  H^C. 

H' 

It  is  important  to  remark,  that  many  bodies  are  referred  to  the  same  type, 
though  they  present  no  analogy  in  chemical  pro|Hirties,  either  to  it  or  to  each 
other,  and  Uiough  the  various  xadidea  whieh  are  aaamned  to  exist  in  organic  00m- 
ponnde  vary  in  character  aa  mvoh  aa  the  elementary  bodiea  themeeWea. 

When  we  oompare  different  a)nipounds  belonging  to  the  same  eeriea,  a  pro- 
prei*sivo  change  in  properties  is  observed,  so  that  the  differenceR  between  any  two 
such  compounds  become  <;reatcr,  the  wider  is  the  interval  between  the  resjjective 
places  in  Uie  series  oi  the  two  terms  submitted  to  comparison.  Following  this 
idea  to  He  estreme  limita,  the  tamo  type  may  therdRm  eomptehend  bodiea 
hebnging  to  the  three  elaseee  of  adda,  of  baeea,  and  of  neatral  bodiea ;  the  adda 
or  <  iL't-tro  ne^'utive  bodies  being  at  one  extremity  of  the  series,  and  the  baaea 
or  eULtro-posiiive  bodies  at  the  oppoaite  extremity,  the  neutral  bodiea  occupying 
the  intermediate  positions. 

The  application  of  these  types  to  carbon  compounda  will  be  best  understood 
by  meana  oif  a  fkw  examples : 

I.  Tke  Mt/drogen  or  Metallic  type,  \  „/ 

Tb  this  dasa  may  be  referred  the  monad  metals,  as  well  as  the  dyad  metals,  tuoh 

as  zinc  and  cadmium,  of  which  the  molecule  is  monatomic:  and  amon<''st 
organic  compounds,  the  hyixithetical  radicles  of  the  morohydric  alcohols,  certain 
bodies  formed  by  the  uuiun  ol  two  dill'erent  monad  radicles,  such  as  the  aldehydes 
and  the  ketonea»  aa  well  aa  the  dyad  organic  radidea  anoh  as  ethylene  t 

Fotassiom  |^ 

Zinc   Zn" 

Dimethyl  (ethane)  

Aldehyde  (aceUo  hydride)  |  ^'«^«^ 


Digitized  by  Google 


1087.]  CHEMICAL  TYPES — ^WATEK  TYPB.  69 

Acetone  (acetic  methide)  ^  c'^^ 

EthyleiM  (oUfiant  gas)   Cfi^ 

HTdraehlorie  acid  wn  originally  propoMd  by  Qerluurdt  as  aa  additional 

H  ) 

typical  bod  J,  but  the  hydrocklorie  acid  tjfpe,     ^  ,  is  now  usually  inclnded  under 

the  hylrogen  type.  It  forms  a  Ru1)type  which  comprehemls  the  iiionnhaloid 
derivuiives  of  the  hydrocarbons,  iucluding,  therefore,  the  so-entiled  haloid 
•llMn,  and  tlia diloridss  of  the  hypoilMtical  ndieksof  the  monobasie  aeids;  for 

f  C  H 

Bthjlio  ehloride  (monochloralluuie)    .   .    .    .  < 
Benaoic  ehloride  (benuyl  chloride)    •   •   .   •    |  ^^^\^ 
Aoetk)  ehloride  (acetyl  ehkride)  |  ^  -^^^^ 

a.  The  Water  type  ^  {  H' 

This  ^ype  inclodes  the  oxides,  salphiJcd,  »eleiiide«,  and  tellarides  of  all  the 
monad  ladides,  soeh  as  the  aloohols  and  mereaptau^  the  ethers  and  thiostbers, 
the  lo-called  compoond  ethers,  and  the  monobasio  ocgaaio  aeids  and  their  anhy- 
drides; for  instanoe: 

Methylie  alcohol  (wood  spirit)    ....  0^™l 

EthyUc  akdhol  (aloohol)  ^  {  ^  u' 

Itbylio  Bolpbydnte  (msNaptaa)  .... 


s 


Aoetie  aeld  0  i 

£thylio  acetate  (aoetio  ether)  ^{ch'^ 

Aoetie aostate  (aoetie anhydride)   ....  o|^'|j*^ 

TMrethylammonio  hydrate.  0 1  ^^^^ 

jjj .  includes  the  nitriden  and  phosphides,  as 

•   Ti^  A^^^£^        u'  I  a«  antenides  and  antimonides,  of 


^/  j  the  akohol  xadioles,  together  with  the 


aminea,  and  the  amides: 

.  C.H 

Bthylamina 


N  ^  H 
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C.H. 


f 

Dietbjlphospbine  P  <  C  11, 


Trimetlijlamine  

C.H.O 


(CH, 


I  H 


AfltUmide 

H 

4.  TJie  Mar»k  Goi  igpe  C^^ 

comprisea  oompoonds  like  carbonic  anhjdridef  ethylic  ortbocarboiiftt^i  nlioio 
chlotidA,  and  plomlno  tetxeUiide : 

( (OC.H,)' 
Carbonio  aBbjdiidei       Ethjlic  orthocarbonat*. 

FhunUotetNthide. 

A  laige  number  of  bodies  may  be  legacded  ii  fonned  apon  eondenaed  typM> 
or  upon  the  plan  of  the  preoeding  typea,  doubled,  tripled,  quadrnpled,  Aa  For 
iDHtance,  sulphuric  acid  and  glycol  may  be  regarded  as  formed  from  two  mole- 
cules of  water,  the  dyad  group  SO^  in  the  one  case,  and  C^H^  in  the  other,  form- 
ing the  link  which  by  displ:  ciug  cue  atom  of  hydrogen  iu  each  molecule  of 
water,  coimecta  or  h'luds  the  two  residues  or  radicles  OH  together ;  thus : 


0 


SO,  '  0^. 

H  ^{s 
alfoMiiorWalar.  Ulpliiiiie  Add.  CHjwL 

In  like  manner,  una  mi^  be  eupposed  to  bo  fenwd  In  tbio  aama  way  upon  iha 
<7pe  of  two  nwkenki  of  ammonia : 

H 

I  H 

I" 
N<  H 

Ih 

•  VdlaealiaQr 

These  condensed  types  can  only  be  employed  in  the  case  of  compounds  which 
contun  multivalent  tadiclea»  audi  aa  aulphuryl.  80,,  ethylene,  C,1I^,  and  earbonyl, 
00,  as  in  the  instanee  just  citsd,  whera  the  nidide  senras  as  the  link  to  bind  the 
several  ndielsB  into  one* 


H 

II 

00 

H 

H 

Ui 
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It  will  be  «eeD  that  eatth  of  the  four  substances,  hydrogen,  water,  ammonia, 
and  marsh  gM,  thvs  selected  as  typm  to  one  of  which  the  various  ehemical  oom> 

pounds  are  referred,  is  a  compound  of  hydrogen  ;  and  that  other  lx»die«  are  supposed 
to  be  formed  from  these  tvpical  substances  by  the  substitution  of  a  portion,  or  of 
the  whole,  of  the  ljydro;j^en  of  the  type  by  simple  or  coin{K)und  radicles.  For  tlie 
Sake  01  pre^  inion  it  in  often  found  to  be  necesKary  to  distinguish  the  unaltered 
hydrogen  of  the  type  from  any  hydrogen  which  may  have  be«i  sahsequently  in- 
troduoed  into  tlie  molecnk.  Alcohol,  for  example,  is  said  to  be  a  eompooikd 
ftrmed  apon  the  water  type  by  the  introduction  of  the  radicle  ethyl,  0,11^,  in  the 
place  of  one  of  the  original  atoms  of  hydrogen  in  the  type :  aloohol  being 

^  i?^  }  ^*         water  h  ||  |  O.     In  each  esaea  the  original  hydrogen  in  the 

type  is  disting'uished  a-s  typical  hydroi^on. 

Many  compounds  nut  iududed  under  the  preceding  types,  may  be  referred  to 
the  anion  of  two  of  the  foregoing  types,  as  was  first  anggeeted  by  Williamsoo, 
aoch  compoundrt  being  reprt-sented  as  derived  from  miaced  tjfpcs.  Kekal^,  for 
example  {Lihrhuvh  dtr  Org.  Clnmie,  i.  p.  12  1,)  propos'd  to  consider  the  ainic 
at  'Is.  gi:(  h  ns  c  ii  ]>;nnie  and  oxamic  acld,  as  iormed  upon  the  combiualion  of  the 
tjpes  oi  aiumouiu  and  watur: 

(H  (II 

k'h       n  h 

2       (CO)"  ;ws 

o{S       o{h  o|h 

Double  tjpe.     Qvbamlesdd.  Ozunlo  loid. 

« 

tiie  tie  between  the  two  iyjfiisA  groups  being  in  the  one  eaae  the  dyad  ndide 
CX>,  in  the  other  0,0^ 


CUAPTEB.  m. 

ACTION  OV  BBA0SNT8  ON  CABBON  COMPOUNDS. 

In  investigating  tlic  chemical  nature  of  the  carbon  com- 
pounds, and  ilic  relation  they  bear  to  one  another  and  to  the 
so-called  inorganic  compounds,  it  is  usual  to  treat  them  witii  a 
variety  of  rcageuUi ;  many  of  these  attack  the  individual 
members  of  various  classes  of  organic  compounds  much  iu  the 
same  way,  so  tliat  it  will  be  convenient  in  this  place  to  describe 
the  general  action  of  the  most  important  of  them. 

(1088)  Oaidizing  Agents. — It  will  be  unnecessary  to  con- ' 
aider  minutely  the  effects  of  rapid  direct  oxidation,  or  com- 
buatioDi  since  the  general  result  in  ail  cases  Yihett  there  is 
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a  sufficient  snp])ly  of  oxygron  is  to  convert  the  carbon  into  car- 
bonic anhydride,  and  the  hydrogen  into  vater;  the  nitrogen  is 
generally  liberated  in  the  free  state. 

It  is  not  merely  to  the  processes  of  oxidation  effected  in  the 
laboratory  that  it  is  necessary  to  attend,  for  oxidizing  actions  are 
in  constant  operation  unperceived  on  every  side  of  ns.  The 
gradual  decay  of  organixed  compounds  is  caused  by  the  sponta- 
neous oxidation  which  slowly  takes  place :  decay  being  in  reality, 
only  a  slow  process  of  combustion,  a  fact  which  Liebig  indicated 
by  substituting  the  term  eremaeauiU  for  that  of  decay  (from 
li/jt/ioc,  geutic,  Kavatg,  combustion).  The  decay  of  wood  in 
a  familiar  instance  of  this  kind  ;  the  hydrogen  of  the  wood  be- 
comes more  rapidly  oxidized  than  its  carbon,  and  the  result  is 
the  formation  of  a  brown  powder  termed  uhniu  or  hunuis, 
in  which  the  proporticju  of  the  carbon  to  tlie  liydroj^en  and  tlie 
oxygen  is  much  greater  than  in  the  wood  from  which  it  was 
formed.  Sucli  actions  take  place  generally  under  the  combined 
intluence  of  moisture  and  of  a  temperature  of  a}>out  \ -f  (59°  F.) 
or  uj)wanls.  If  the  substance  be  perfectly  dry,  or  if  the  tempe- 
ra t  tire  fall  to  the  freeziog  point,  oxidation  is  usually  completely 
arrested. 

It  is,  however,  the  study  of  the  process  of  gradual  or  limited 
oxidation  which  affords  results  so  instructive  to  the  chemist : 
this  is  seldom  effected  by  the  action  of  free  oxygen,  but  by  the 
use  of  certain  reagents  which  present  that  element  in  the 
nascent  state.  The  most  ordinary  sources  of  oxygen  employed 
for  this  purpose  are  nitric  acid,  a  mixture  of  sulphuric  acid  and 
potaasic  dichromate,  a  mixture  of  sulphuric  acid  and  manganic 
peroxide,  chromic  anhydride,  dissolved  either  in  water  or  in 
glacial  acetic  acid,  potassic  permanganate,  argentic  oxide,  and  ' 
plumbic  peroxide.  Besides  these,  other  oxidising  agents  are 
oocasionaUy  used,  such  as  ferric  chloride,  baric  peroxide,  calcic 
hypochlorite,  and  fused  potassic  and  sodic  hydrates;  the  last 
three  of  these  are  of  more  limited  application,  however,  since 
they  frequently  give  rise  to  secondary  reactions.  Sulphuric  acid, 
at  a  high  temperature,  also  readily  parts  with  a  portion  of  its 
oxygen,  but  in  this  case  the  results  are  usually  complicated  by 
the  powerful  dehydrating  action  of  the  acid. 

The  effect  produced  by  these  different  means  of  oxidation 
varies  considerably  with  the  nature  of  the  compound  submitted 
to  their  action,  and  also  with  that  of  the  oxidizing  agent. 

1.  The  oxygen  may  simply  remove  Iiydrogcn  ;  as  when 
alcohol  is  submitted  to  the  oxidiziug  action  of  chromic  acid.  In 
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this  case  water  is  formed,  and  a  new  body^  aldehyde,  is  produced^ 
oontaixiing  leas  hydrogen  than  alcohol : 

Etbjlic  oioobol.  Aldehyde. 

2.  Oxygen  may  unite  directly  with  the  substance;  as  when 
aldehyde  is  converted  into  acetic  add : 

2C,Up  -f  Oj  =  2CJI,0,. 

Aldebjde.  Acetic  acid. 

3.  Hydrogen  is  eliminated  and  replaced  by  an  equivalent 
quantity  of  oxygen ;  for  example^  when  benzylbenzene  is  oxidi&ed 
by  chromic  acid  solution,  it  yields  phenylbenzoyl : 

C,s"i»  +  O,  =  C„H«,0  +  OH^ 

4.  Hydrogen  is  eliminated  and  replaced  by  twice  its  equi- 
valent quantity  of  oxypren  ;  as  in  the  formation  of  the  qninones 
by  the  direct  oxidaticjii  of  the  corrcspoiKliiifj  hydrocarbons. 
Thus,  naphthalene  when  treated  with  a  solution  of  chromic  anhy- 
dride in  glacial  acetic  acid  gives  uaphthaquiuoue  : 

VnplitiialeM.  NapbtliMiaiaoiiM. 

and  tuiuene  when  treated  with  dilute  nitric  acid  gives  benzoic  acid : 

TcdiwiML  Bemofa)  add. 

aCjIij.CH,  +  3O,  =  2CgH5.COOH  +  2OH3. 

In  this  case,  however,  it  is  probable  that  two  of  the  atoms 
of  hydrogen  in  the  methyl  group,  CH,,  of  the  toluene  are 
eliminated  and  displaced  by  an  atom  of  oxygen,  whUst  the  re- 
maining atom  of  hydrogen  is  displaced  by  the  group  OH. 

In  all  the  cases  we  have  hitherto  considered  the  carbon 
in  the  original  substance  is  unaflfected  by  the  process  of  oxida- 
tion, the  number  of  atoms  of  that  element  in  the  oxidised 
product  being  the  same  as  in  the  compound  we  started  with. 
There  are  many  instances,  however,  in  which  the  substance  splits  up 
under  the  influence  of  the  oxidising  action,  giving  rise  to  two  or 
more  compounds,  each  containing  a  smaller  number  of  carbon 
atom**  than  the  orin:inal  sn])stance.  Thus,  acetone  yields  acetic 
acid  aud  carbonic  anhydride  : 
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Similarly,  the  tertiary  butylic  alcohol,  trimethylcarbinol,  is 
converted  into  formic  and  acetic  .acids  : 

C,IIi,0  +         =  2(  11,0.  +  CJip,  +  OHj. 

Trimetbjlcarbiaol.  Formic  acid.        Ac«tic  acid. 

Contact  with  a  body  wldch  is  itself  undergoing  slow  oxida- 
tion will  frequently  induce  this  oxidizing  action  in  substances  pos- 
sessed of  a  strong  attraction  for  oxygen,  but  which  do  not,  when  in 
a  pure  state,  themseWcs  undergo  oxidation.  For  example,  a  solution 
of  grape  sugar  in  an  alcoholic  solution  of  potassic  hydrate  does  not 
absorb  oxygen  when  exposed  to  the  air;  but  the  addition  of  a  minute 
quantity  of  sulphindylic  add  (iiidigosulphonic  acid:  see  indigo) 
efiects  the  oxidation  of  the  sugar :  probably,  as  Traubc  suggests, 
by  the  absorption  of  oxygen  on  the  part  of  the  sulphindylic 
acid,  and  the  transfer  of  oxygen  to  the  sugar ;  the  sulphindylic 
acid  ahsorhing  fresh  oxygen  and  again  parting  with  it  to  fresh 
j)ortions  of  sufxar,  acting,  in  fact,  a.s  a  cairier  of  oxygen,  jnst  as 
nitric  oxide  dues  to  sulphurous  acid,  during  the  nianulacture  of 
suljiliurie  acid  (406).  Another  analogous  experiment  of  Trau he's 
consists  in  heating  a  solution  of  cupric  oxide  containing  a  hirge 
quantity  of  animonie  chloride  witli  grape  sugar:  no  reduction 
ti.kcs  })]ace  even  when  the  liquid  is  boiled ;  but  if  a  small 
quantity  of  reduced  and  colourless  sulphindylic  acid  be  added, 
the  indigo-blue  colour  reappears,  owing  to  the  absorj)tion  of 
oxygen  by  the  sulpho-acid  irom  the  cupric  oxide  ;  the  aeid  then 
gives  up  its  oxygen  to  the  sugar,  after  which  it  again  takes  up 
more  oxygen  from  a  fresh  quantity  of  cupric  oxide  ;  so  that  in  a 
short  time  the  whole  of  the  s\igar  is  oxidized,  and  the  cupric 
oxide  reduced  to  cuprous  oxide,  whilst  the  sulphindylic  acid  is 
left  apparently  unaltered.  The  sulphindylic  acid  is,  in  fact,  much 
more  easily  reduced  than  cupric  oxide,  and  yet  it  has  the  power 
of  easily  absorbing  oxygen  from  this  oxide.  The  importance  of 
studying  the  action  of  such  oases  of  oxidation  must  be  obvious^ 
when  it  is  borne  in  mind  that  it  is  probably  in  a  great  measure 
by  the  agency  of  oxygen  that  many  of  the  complex  substances 
contained  in  the  animal  body  are  gradually  resolved  into  car- 
bonic anhydride,  water,  and  ammonia. 

These  slow  processes  of  combustion  are  intimately  oonnected 
with  the  development  of  ozone.  In  certain  cases  the  formation 
of  ozone  is  so  abundant  during  such  actions,  that  they  furnish 
some  of  the  best  means  of  obtaining  this  singular  body.  Ozone, 
for  instance,  is  always  foiUKil  during  the  slow  oxidation  of  phos- 
phorus in  air    and  in  tlic  oxiduliou  of  oil  of  turpentine  und  of 
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ether  under  particular  circumstanccs,  as  when  a  hot  platinum 
wire  is  suspended  ia  a  mixture  of  the  vapour  of  ether  and 
atmospheric  air,  a  suhstance  is  produced  which  colours  a  mixture  of 
potassic  iodide  and  starch  blue^  and  also  gives  a  purple  colour 
with  chromic  add,  similar  to  that  obtained  on  pouring  hydric 
peroxide  into  a  solution  of  chromic  acid  (771).  Fudakowski  has 
also  shown  that  ph^ol,  petroleum,  and  pure  bensene,  give  the 
same  reactions  when  undergoing  slow  oxidation  at  the  ordinary 
teuijurature. 

(1089)  AcHonof  Nascent  Hydrogen, — Although  free  hydro- 
gen appears  to  have  but  little  action  on  carbon  compounds,  yet 
in  the  nascent  state  it  is  one  of  the  most  important  agents,  both 
for  ascertaining  the  nature  of  the  substance  under  investigation, 

and  also  for  the  syntlictiral  jjroduction  of  new  compounds;  for 
this  purpose  various  Mo-calUil  reducing  agents  are  employed,  of 
which  the  |)riueipal  are  sodium  amalgam  iu  the  presence  of  water, 
tin  and  hydrochloric  acid,  ziuc  and  hydrochloric  or  sulphuric  acid, 
iron  and  acetic  acid,  or  ferrous  oxide  ohtaiued  hy  precipitating  a 
solution  of  ferrous  sulphate  with  an  alkali  or  alkaline  earth.  A 
concentrated  aqueous  solution  of  hydriodic  acid  at  a  high  tem- 
perature is  one  of  the  most  powerful  reducing  agents  known,  for 
although  itself  stable,  yet  it  is  readily  decomposed  into  its  con- 
stituent elements,  hydrogen  and  iodine,  iu  the  presence  of  com- 
pounds which  arc  acted  on  by  nascent  hydrogen.  The  action  of 
sulphuretted  hydrogen  and  ammonic  hydric  sulphide  is  somewhat 
similar,  sulphur  being  deposited  in  the  former  case,  whilst  ammonic 
disulphide  is  formed.in  the  latter.  A  solution  of  sulphurous  acid, 
is  also  occasionally  employed ;  in  the  presence  of  bodies 
having  a  strong  attraction  for  hydrogen,  water  is  th^jifioamftpsed, 
the  liberated  oxygen  simultaneonsly  comhimng'i^aSiiibni^^ 
of  sulphurous  add  to  form  sulphuric  acid : 


The  grey  coloured  powder  called  "  sine  dus£*V(^a\$ 
manufacture  of  zinc,  and  consisting  chiefly 
finely  divided  state,  mixed  with  scftne  oxide  and  hydrate,  has 
proved  very  usefiil  in  converting  certain  oxidized  substances  into 

the  oorrespoudiug  hydrocarbon;  it  was  by  this  means  that  alizarin 
was  discovered  to  be  a  derivative  of  anthracene. 

llydrugeu,  like  oxygen,  varies  much  iu  its  action  on  organic 
bodies. 

1.  It  may  combine  directly  with  the  carbon  compound;  for 
iubtauce,  the  copper  derivative  of  acetylene,  acetylide  of  copper. 
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yields  ctliylciic  when  heated  with  zine  and  dilute  ammonia,  the 
acetylene  at  tlie  moment  of  its  liberation  combining  with  the 
hydrogen  produced  by  the  action  of  the  iqueooB  ammonia  on  the 
line: 

C,H,  +  H,  =  C,H^. 


Similarly,  aldehydes  and  ketones  are  conyerted  into  alcohols^ 
acetone^  for  example,  yielding  iaopropylic  alcohol : 

C,II.O  +  H,  =  C3II3O; 

C(CH,),0  +       «  C(CH5),H.0H ; 

and  the  nitrilcs  of  the  acids  the  corresponding  amines : 


a.  Sometimes  oxygen  appears  to  be  removed  by  the  action  of 
nascent  hydrogen,  as  in  the  case  of  malic  acid,  which  by  the  action 
of  hydriodic  acid  is  converted  into  succinic  acid : 

C,HA  +  H,  =  C.H.O,  +  OH,; 

Malic  acid.  Succinic  acid. 

C,H,(OH)(COOH),  +  H,  =  CgH^CCOOH),  +  OH,; 

or  the  conversion  of  lactic  acid  into  propionic  acid  by  similar 
means: 

CjHeOj  +  H,  =  C,H,0,  +  OH,. 


C2H,(0H).C00H  +  H,  =t  C2H5.COOH  +  OH,. 

In  these  instances,  however,  the  oxygen  is  nut  simply  removed, 
but  the  Oil  group  in  the  acid  is  displaced  by  hydrogen.  In  all 
probability  the  action  takes  place  in  two  stages^  the  first  being 
the  formation  of  an  iodo-acid : 

C,H«(OH).COOH  +  HI  B  C,HJ.COOH  +  OH,; 


C,HJ.COOH  +  HI  =  CjHj.COOH  +  I,. 

3.  It  may  remove  oxygen,  or  one  of  the  halogens,  repiadng 
it  1^  an  equivalent  quantity  of  hydrogen.  Thus,  oxalic  acid 
treated  with  sine  and  dilute  sulphuric  add  yields  glycoUic  add : 
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OnUkadd.  Gttj«oUle  add. 

COOH   .     |;t  _  jCH.OH 
COOU  +  (COOH 

Again,  the  action  of  hydriodic  add  on  iodacetic  acid  regeneratea 
acetic  add: 

CM.IO,  +  HI  =  C.I  1,0,  +1,. 

IvKlik-etic  acid.  Acetic  acid. 

Bcrtbelot  {Arm.  Ch.  Phys.  [3],  li.  48)  has  pointed  out  that 
when  the  compounda  to  be  acted  upon  aie  of  a  Terystablc  character, 
free  hydrogen^  at  an  elevated  temperature,  may  effect  thin  species 
of  substitution,  although  a  grood  deal  of  the  compouud  is 
always  destroyed.  Several  of  the  chlorides  of  carbon  yield  such 
results  ;  for  instance,  tetnichlorethylene,  C^Cl^  when  its  Taponr 
mixed  with  hydrogen  is  passed  through  a  glass  tuhe  filled  with 
fragments  of  pumice  and  heated  to  redness,  famishes  hydro- 
chloric add  and  ethylene  or  olefiant  gas : 

CgCl^  +  4Hg  =  C,H^  +  4HCI. 

Tetrachknromethane  or  carbonic  tetradiloride,  CCl^  yields 
methane  or  marsh  gas  and  ethylene : 

CCl^  +  4H,  =  CH^  +  4HCL 

The  elhyUno  is  the  result  of  the  effect  of  lioat  u])ou  the 
carbon  tetrachloride,  which  is  partially  decomposed  into  tetrachlor- 
ethylene,  CX'l^,  and  free  ehluriue  ;  and  this  tetraclilorethvleue  '\» 
then  converted  into  ethylene  by  the  action  of  the  hydrogen,  as 
already  explained, 

4.  Wlien  nitro-compounds  are  treated  with  reducing  agents 
the  oxygen  in  the  X0._,  group  is  generally  replaced  by  an  equal 
nundjcr  of  atoms  of  hydrogen,  giving  rise  to  corresponding 
aniido-eompouuds,  as  in  the  conversion  of  nitrobensene  into 
amido-benzeue  or  aniline : 

C,H5.N0,  +        =  CeH,.NH,  +  aOH,. 


5.  Almost  all  carbon  compounds,  by  treatment  at  275°  with  a 
large  excess  of  hydriodic  acid  of  density  2*0,  are  ultimatelv  eon- 
verted  into  the  corresponding  saturated  hydrocarbons  or  parallins. 
Thus  the  oxygen  in  plicnol,  C\.HgO,  can  be  removed,  giving  rise 
to  henzene,  C^^IIg,  and  this  by  the  continued  action  of  tho  acid  is 
ultimately  converted  into  hexane  or  hcxyiic  hydride,  C,H^^.  In 
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a  similar  manner,  aldehyde,  C^H^O,  is  converted  into  etbane  or 
ethylic  hydride,  CJI^.  Berthelot,  by  enclosing  the  bromide  of 
ethylene,  of  propylene,  of  hntylene,  and  of  amylene,  in  strong 
glass  tubes  with  water,  copper  foil,  and  potassic  iodide,  and 
subsequently  heating  the  mixture  to  27  5°  C.  (527°  F.),  in  an 
oil  bath,  procured  ethylene,  propylene,  butylene,  and  amjlene, 
accompanied  by  some  gaseous  bodies  which  are  products  of  a 
secondary  decomposition.  If  the  use  of  topper  he  oniitti  d,  these 
products  of  secondary  deeom])osition  arc  more  considciahlc ;  so 
that  in  the  latter  case  it  would  iippi  ar  tliat  a  ])art  of  the  organic 
body  bad  undergone  oxidation  at  the  expense  of  tlu;  oxygen  of  the 
Mater,  whilst  the  liNclroiicn  had  elTceted  an  inverse  su))stituti()n 
and  formed  cllianc,  propane,  tetrane,  and  ])entanc.  ^Vhen  tlie 
eop}Kr  is  present  the  reaction  ia  probably  of  the  following 
nature : 

Cgll.Br,  +  Cu  =  +  CuBr,j 

ZfhjlMitelinniiMeii  Sthylaa*. 

and  when  the  copper  is  not  added,  the  decomposition  may  be  re- 
presented as  lullows : 

C„H,Br,  +  aH,  =  C,H,  +  aHBr.. 

Ethylenic  bromide.  Etliuio 

(1090)  Action  of  the  Halogens  vpon  Organic  CompouruU — 
Substitution  for  HydrogefL-^The  action  of  chlorine  and  bromine 
upon  carbon  compounds  generally  gives  rise  to  new  ones,  in  which 
one  or  more  atoms  of  the  hydrogen  in  the  original  substance  has 
been  displaced  by  the  halogen.  The  action  of  bromine 
is  weaker  than  that  of  chlorine,  and  iodine  never  produces  sub- 
stitution compounds  by  its  direct  action,  so  that  in  order  to 
obtain  them,  it  is  necessary  to  have  recourse  to  various  indirect 
methods.  The  carbon  compounds  containing  fluorine  have  been 
but  little  studied. 

Besides  the  durect  action  of  the  element  itself  other  methods 
for  the  cMorination  of  organic  bodies  are  resorted  to,  such  as  the 
employment  of  iodine  trichloride,  antimonic  pentachloridc,  phos- 
phoiic  pentaebloride,  or  potassic  chlorate  and  hydrochloric  acid, 
alth(  ujrh  in  niauv  instances  tlie  chlorate  sinniltancouslv  oxidizes  the 
comjjound,  giving  rise  to  an  action  of  a  more  complex  charaeter. 

It  is  sometimes  inconvtniciit  to  use  the  chlorine  in  the 
gaseous  st:itc,  but  this  dilliculty  may  be  ob\iatc(l  by  using  ehloriiu* 
hydrate  (33.5),  or  a  saturated  sohition  of  chlorine  iu  carbonic 
tetrachloride.     The  use  of  bromine  in  the  presence  of  iodine 
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bromide,  or  antimonic  pcntabromide,  is  occasionally  resorted  to 
wben  bromine  alone  does  not  act 

Some  chloriue  and  bromine  substitution  compounds  yield  the 
corresponding  iodine  derivatives  when  treated  with  potassic  iodide, 
lodacetic  ac  id  is  thus  obtained  from  Ijroniaeetic  acid : 

C,H,BrOg  +       =  C,H,IO,  +  KBr. 

BiMBMetk  add.  lodMotie  mU. 

If  an  organic  compound  be  simultaneously  treated  with  iodine 

and  mercuric  or  plumbic  oxide,  the  hydriodic  acid  formed  by  the 
union  of  the  iodine  with  the  liydrogen  of  the  carbon  compound 
is  at  once  removed  from  the  sphere  of  action  as  mercuric  or 
plumbic  iodide : 

aHl  +  HgO  =  Hgl,  +  OHy 

Iodic  acid  may  be  employed  for  the  same  purpose,  when  water 
and  free  iodiue  will  be  produced  : 

5HI  +  HIO,  =  3OH,  + 

eicess  of  iodic  acid  be  present,  the  liberated  iodine  can  again 
react  with  another  portion  of  the  organic  compoiuid. 

I.  The  halogens  may  enter  into  direct  combination  with  the 
substance ;  as  when  ethylene  is  converted  into  ethyleuic  iodide  : 

CgH^  +  If  =  CgH^Ij. 

or  as  in  the  formation  of  dibromolactic  add  from  pyruvic  acid  by 
the  action  of  bromine  : 

C3H,03  +  Br,  =  C3lI,Br,03. 

PjrniTio  ftdd.  Dibramolavtio  add* 

a.  Hiey  may  simply  remore  hydrogen ;  as  in  the  conversion 
of  alcohol  into  aldehyde : 

C,H,0  +  CI,  =  CJlft  +  2Ha 

A)(N>hol.  Aldehyde. 

3.  They  may  act  as  oxidizing  agents  by  liberating  oxygen  firom 
water ;  as  when  butyric  is  converted  into  succinic  acid : 

C^HgO,  +  3Br,  +  aHjO  =  C,H,0^  +  6HBr. 

BntTfteadd.  Baeetaiie  aeid. 

Secondary  products,  however,  accompany  tliis  reaction,  and  a 
({uautity  of  carbonaceous  matter  is  deposited  (Friedei  and 
Machuea). 

4.  They  may  produce  compounds  by  substitution,  in  which 
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one  or  more  atoms  of  hydrogen  are  displaced  by  chlorine  or 
bromine,  while  hydrochloric  or  hydrobromic  acid  escapes.  It  is 
generally  advantageous,  in  conducting  this  experiment  with 
chlorine,  to  submit  the  organic  compound  to  the  action  of  the 
dry  gas:  the  chlorine  is  rapidly  absorbed,  especially  if  the 
action  be  aided  by  heat  or  by  exposure  to  the  direct  rays 
of  the  sun,  and  almndance  of  hydrochloric  acid  escapes, 
and  a  new  body,  into  the  composition  of  which  chlorine 
enters,  is  formed.  In  the  majority  of  cases  the  new  product  is 
analogous  to  the  compound  from  which  it  is  procured,  but 
a  certaiu  number  of  atoms  of  the  livdroKeii  has  been  dis- 
placed  by  a  corresponding  number  of  atoms  of  chlorine.  Cay- 
Lussac,  when  examining  tlie  action  of  clilorine  on  wax,  was  the 
first  to  observe  this  kind  of  suljstitution. 

A  simple  ease  is  that  of  methane  or  marsh  gas,  uhieh,  ulicn 
mixed  with  an  ecjual  volume  of  chlorine  and  exposed  to  dilTused 
daylight,  has  one  of  its  hydrogen  atoms  displaced  by  chlorine, 
mouochloromethane  or  methylic  chloride  being  formed,  thus : 

CH^  +  CJ,  =  Cfl,a  1-  HCL 

IbClMll*.  MoiMMilknBflttlHM. 

Bv  the  furtlier  action  of  chlorine  a  second  atom  of  hvdrosron 
is  displaced,  and  dichloromethane  or  mctliyicuic  chloride  is  pro- 
duced: 

Cli^Cl  +  CI,  =  CllaClj  +  HCL 

MonooblonNDeUunM.  DiahlorooMtbant. 

This  compound  is  then  readily  converted  into  trichloromethane  or 
chloroform,  thus : 

CHgCl,  +  CI,  =  CIICI,  +  HCl. 

Dichlorometliane.  Trichlorouu  ihaiic. 

And  finally,  the  chloroform,  when  submitted  to  the  action  of 
chlorine  whilst  exposed  to  bright  sunlight,  or  when  heated  with 
antimonic  pentachloride,  has  the  last  atom  of  hydrogen  dis- 
placed by  chlorine  with  formation  of  tetrachloromethane  or 
carbonic  tetrachloride : 

CHCi,  +  a,  =  ca^  +  Hca. 

MoUoroBMtihaM.  TclnHlilonaMthHM. 

The  discovery  that  the  substitution  of  chlorine  for  hydrogen 
was  practicable,  at  first  excited  the  greatest  astonishment  amongst 
chemists,  since  owing  to  the  powerful  attractions  of  chlorine, 
particularly  when  its  electrical  opposition  to  hydrogen  is  borue 
in  mind,  the  possibility  of  such  an  occurrence  had  never  been 
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inspected*  The  displacement  of  oxygon  by  chlorine  was  familiar 
to  the  mind  of  the  chemist,  but  the  displacement  of  hydrogen  by 
chlorine  was  a  circnmsttnce  entirely  in  op{X)sition  to  the  doctrines 
«f  chemical  attraction  then  prevalent.  The  discoTcry  of  this 
Kmarkable  fact  has  led  to  the  production  of  an  immense 
ADinher  of  tubttitiition  componnds.  The  new  products  so  obtained 
«re  in  genenl  possessed  of  oompamti^y  little  intrinsic  interest. 
The  importance  of  accnifttely  studying  the  steps  by  whidi  these 
substitutions  are  eflected,  can,  however,  be  scarcely  over-estimated, 
owing  to  the  light  which  they  fiequenily  throw  upon  the  consti- 
tution of  the  diflterent  compounds,  and  of  their  relations  to  others 
where  no  obvious  connexion  had  been  previously  traced.  The 
first  atoms  of  hydrogen  are  usually  displaced  more  readily  than 
the  others.  It  is  often  necessaiy  at  first  to  moderate  the  action  by 
cooling  the  liquid  artificially,  and  by  placing  it  either  in  ob- 
•curity  or  only  in  the  diffused  light  of  day ;  -while  to  com> 
plete  the  displacement  of  the  last  portions,  the  strongest 
sunlight,  aided  by  a  temperature  of  ebullition,  is  frequently 
requisite. 

Substitutions  of  bnjininc  for  hydrogen  may  also  be  efllcti'd 
by  analogous  methods,  although,  owing  to  its  feebler  chcinifal 
attractions,  the  reactions  ordinarily  take  place  with  less  vehe- 
mence. 

(IC91)  Nil  laid  Componnds  of  Phosphorus. — Closely  allied  to 
the  action  of  the  halogens  is  that  of  the  haloid  eonij)ounds  of 
phosphorus,  namely,  i)husplionc  chloride  and  oxyehloride,  phos- 
phorous chloride,  and  the  corresponding  bromine  ami  iodine 
compounds. 

1.  The  action  upon  acids  and  other  compounds  containing 
the  OU  group  is  generally  to  displace  the  OU  group  by  the 
halogen;  thus  phosphoric  chloride^  phosphoric  oxychloride,  and 
phosphorous  eldk>ride,  all  produce  acetic  chhuride  by  their  action 
on  acetic  acid: 

C.H.Og  +  pa,  «  C.H.OCl  +  POClj  +  HCl. 

Acetic  wAA.  Acetic  chloride. 

CU,.CO(OU)  -I-  PCI,  =  CU,.C0C1  +  FOCI,  H-  HCL 
3C,H,0,  +  PCI,  =  sCjH.OCl  +  H,PO,. 

A«etle  add.  Aeotle  diloildik 

3Cgll^0,  +  POCl,  =  3Cj,H,0Cl  +  H,PO^. 

2.  In  some  cases  oxygen  is  removed  and  displaced  by 
clilorine,  as  when  aldehyde  is  treated  with  phosphoric  chlohdc  : 

3  '  o  ^ 
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c,Hp  +  pa,  =  cfijc^  +  POO,. 

lldebjd*.  BfhjIUwteohlorid*. 

(1092)  Action  of  Hydrochloric,  Hydrobromic,  and  Hydriodie 
Acids. — Those,  like  other  acids,  unite  directly  with  the  various 
organic  substances  of  a  basic  nature,  forming  salts  or  compounds 
analogous  to  them,  and  hydriodie  acid,  as  previously  mentioned 
(1089),  is  a  powerful  reducing  agent.  Besides  these,  however^  the 
naloid  acids  have  other  modes  of  action. 

1.  They  combine  directly  with  certain  unsaturated  com  pounds; 
thus  hydriodie  acid  and  ethylene  combine  and  form  moniodethane 
or  ethylic  iodide: 

CjH^  +  HI  =  C,H,I; 

SthjIiD*.  XthjUelodUto. 

and  fumaric  acid,  when  treated  with  hydrobromic  acid^  yields 
bromosuccinic  acid : 

+  HBr  -  QjHjBrO^. 

2.  TWie  OH  group  in  the  alcoliols  and  oxy-acids  is  disj)laced 
by  the  halogen  of  the  haloid  acid  ;  for  instance,  the  action  of 
hydrochloric  acid  on  alcohol  gives  rise  to  ethylic  chloride : 

Ofi^Xm    +    HCl    S5    C,H,C1    +  OH,; 

AkolwL  StivBceikkxidA. 

and  malic  acid,  when  heated  with  hydrobromic  acid,  is  conveited 
into  monobromosuccinic  acid: 

CgHg.OHCCOOH),    +    HBr    =    C,H3Br{C00H),  +  OH^ 

lidloMM.  BNnoMMdUoaekU 

(1093)  Action  of  Nitric  Add  and  of  NUratu  Acid. — From 
the  readiness  with  which  it  parts  with  its  oxygen,  nitric  acid,  as 
already  noticed,  is  a  most  powerful  oxidising  agent,  and,  like 
other  acids,  it  also  combines  with  carbon  compounds  of  a  basic 
nature.  In  addition  to  these  modes  of  action  there  are  others 
which  are  of  considerable  importance  in  the  investigation  of  the 
nature  of  organic  substances. 

1.  The  H  in  the  OH  group  in  the  alcohols  may  be  displaced 
by  NO,,  giving  rise  to  nitric  ethers.  In  this  manner  ethylic 
nitrate  is  formed  from  alcohol : 

C,H3(0H)    +    HNO,    »    C.HjCNO,)    +  OH,; 

AlcoboL  EUijikiiKntt. 
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and  lOHikDed  nitroglyoerin  from  glyoeriit : 

C,H,(OH),    +    3HNO,    =    C,H,(N03),    +  30Hr 

OfjMcta.  KitzogljMriB. 

3.  One  or  more  atoms  of  hydrogen  are  displaced  by  an  equal 
iramber  of  NO,  groups  witH  simultaneous  elimination  of  water. 
A  nitro-snlistitntion  compound  is  thus  formed,  as  in  the  prepara^ 
tion  of  nitrobenflene  from  beniene  by  the  action  of  concentrated 
nitric  acid: 

C,H,    +    HNO,    =    C.H^.NO,    +  OH,. 

NitrobeiuwDe. 


When  a  mixture  of  sulphuric  and  nitxio  adds  is  employed  two 
atoms  of  hydrogen  are  ^placed  and  dinitrobeniene  is  produced : 

C,H,    +    2HNO,    =    C,H,(NO,),    +  aOHr 

Beoune.  Dinitoobeniapa. 

As  a  rale,  the  latter  class,  the  nitro-oompoands,  are  far  more 
stable  than  the  nitric  ethers,  and  far  less  explosive.  Most  nitro* 
compounds  are  readily  reduced  by  the  action  of  nascent  hydrogen 
with  formation  of  amido-derivatives,  differing  £rom  the  original 
compound  in  having  one  or  more  of  the  NO,  groups  displaced  by 
NH^  In  this  way  aniline  is  obtained  firom  nitrobensene.  On 
the  other  hand,  the  nitric  ethers  when  treated  with  reducing 
agents  furnish  the  alcohol  from  which  they  were  derived. 

3.  The  action  of  nitrous  acid  on  the  amido-compounds 
frequently  gives  rise  to  a  very  remarkable  dass  of  substances, 
termed  aso-derivatives.  Thus,  by  the  action  of  nitrous  acid  on 
aniline  nitrate,  diasobensene  nitrate  is  produced : 

(CeHj)H,N.NO,    +    HNO,    =    (C,HJN,.N03    +  aOH,. 


4.  Many  amido-compounds,  when  treated  with  uitrcms  acid, 
yield  the  corresponding  alcohol  with  simultaneous  evolution  of 
nitrogen.  The  best  result  is  usually  obtained  by  the  action  of 
argentic  nitrite  ou  the  hydrochloride  of  the  base.  For  example, 
alcohol  may  be  obtained  from  ethylamine  in  this  way ; 

(C.IIJNIIaCl  +  AgNOjj  =  C,H,(011)  +  AgCl  +  OHg  + 

EtbjUmiM  AloohoL 


(1094)  Dehydrating  Agents. — Phosphoric  anhydride,  phos- 
phoric sulphide  ([)cntasulj)hide),  ])otassic  hydric  sulphate,  ziucic 
chloride,  and  hydrochloric  acid,  when  heated  with  organic  com- 
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pounds  coiitaiiiiii§r  oxygen,  may  remove  the  elements  of  water. 
This  action  frequently  gives  rise  at  the  same  time  to  a  more  extended 
decomposition^  and  the  substance  splits  up,  yielding  several  pro- 
ducts. Zincic  chloride  also  possesses  the  peculiar  property  of  poly- 
merizing many  hydrocarbons  at  the  instant  of  their  formation 
from  oxidized  bodies  bj  this  means.  Moreover,  sulphuric  acid, 
at  a  high  temperature,  acts  as  a  powerfrd  oxidizing  agent,  and 
phosphoric  sulphide  frequently  removes  oxygen  and  displaces  it  hj 
sulphur.  The  great  Tariation  in  the  modes  of  action  thus  intro- 
duced renders  it  impossible  to  describe  all  of  them  lierei,  and  tiiey 
wUl  therefofe  be  treated  of  firom  time  to  time  as  the  particular 
cases  come  into  notice.  In  the  meantime  some  of  the  simpler 
cases  of  dehydration  are  liere  given. 

I.  When  8ul[)]mric  add  removes  tlie  elements  of  water  from 
oxalic  add  it  splits  np  into  carbonic  anhydride  and  carbonic 
oxide : 

^i^2^4    -    OH,    =    CO,    +  CO. 

OxaSeadiL  Wate.  Carbonio  Ovboai* 

a.  Crotonie  aldehyde  is  formed  from  ordinary  acetic  aldehyde 
when  it  is  heated  with  mndc  diloride : 

2CJT,0    =    CJT.p    +  OH,. 

Aldchjde.  Crotonie  aldehyde. 

3.  When  glycerin  is  heated  with  hydric  potassic  sulphate  the 
dements  of  water  are  removed,  and  acroleain  is  prodnced: 

CjHgO,    «    aOH,    =  C.llfi. 

OljeariD.  Acro]^ 

4.  Camphor^  when  distilled  with  zincic  chloride,  phosphoric 
anhydride,  or  phosphoric  sulphidcj  loses  the  elements  of  water^ 
and  becomes  converted  into  cymene ; 

C„II,,0    -    OH,    =  C,„H,,. 

Cataphor.  Cjmeae, 

5.  On  allowing  a  mixture  of  amylic  alcohol  \nth  zindc  chlo- 
ride to  stand  for  some  time,  and  then  distilling,  amylene  is 
obtained: 

C,H„0    «    C,H„    +  OH^ 

Much  of  the  amylene,  however,  becomes  polymerised  at  the 
moment  of  formation  by  the  action  of  the  zindc  chloride,  so  that 
the  amylene  is  always  mixed  with  diamylene,  C^qH^  triamylene, 

CjjHgjp  tctrauiylcue,  Cgyll^,  &C. 
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(1095)  JBtaBite  ReagenU, — ^The  action  of  potasaic  and  aodic 
kjdiBtea,  and  of  baiyta  and  lime^  both  caustic  and  hjdrated^  may 
here  be  eonridered.  Besides  foming  salts  with  the  yarions  organic 
adds,  they  give  rise  to  reactions  of  some  importance  in  the  ex- 
perimental inTestigation  of  the  nature  of  the  earbon  compounds. 

I.  Fused  potassic  and  sodic  hydrates  often  act  as  powerful 
oxidizing  agents,  but  as  liydrogen  is  always  evolved  in  this  case, 
the  roults  are  frequently  complicated  from  an  oxidizing  and 
reducing  action  going  on  simultaneously.  A  simple  instance  is 
the  conversion  of  amylic  alcohol  into  valerianic  acid  by  the  action 
of  hot  {k>da*Iime : 


In  a  similar  manner  cellulose  is  oxidized  to  oxalic  acid.  AdTan- 
tage  has  been  taken  of  this  for  the  preparation  of  the  acid  on  a 
large  scale  by  the  treatment  of  sawdust  with  a  mixture  of  potassic 
and  sodic  hvdrates. 

2.  The  elements  of  hydrochloric  acid  are  removed  from 
chlorine  compounds  by  the  action  of  the  alkali ;  thus  ethylenic 
chloride,  when  treated  with  an  alcoholic  solution  of  potassic 
hydrate^  yields  monochlorethylene  or  vinylic  chloride : 

-    Ha    s  C,H,C1. 


^lauy  bromine  and  iodine  compounds  behave  in  a  similar  way ; 
for  iustancc,  the  vapour  of  vinylic  bromide,  when  passed  into  a 
hot  alcuhulic  solution  of  potassic  hydrate^  yields  acetylene : 

C^H^Br    -    HBr    =  C,H,. 


3.  Many  acids  when  heated  with  lime,  or  with  soda-lime,  are 
decomposed  with  elimination  of  carbonic  auhydridc,  which  forms 
a  carbonate  with  the  alkali,  or  the  alkaline  earth  ;  thus  a  mixture 
of  sodic  acetate  with  twice  its  weight  of  soda-lime,  ujidcr  these  cir- 
cumstances, yields  methane  or  marsh-gas ; 

G|H,NaO,    +    ONaH    »    CH^    +  CO,Nar 


CHj.COONa    +    ONaH    =    CH,    +  COlONa)^. 

In  like  manner,  phthaiic  acid  splits  up  into  bensene  and  carbonic 
anhydnde: 

CgH,0^   ss    C^H^    +  aCO,, 
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4.  Tlie  IISO.j  group  iu  the  sulphonic  acids  is  displaced  by  the 
group  OPI  when  their  salts  are  fused  with  potassic  or  sodic 
hydrates,  as  is  the  case  with  potassic  benzeDesulphonate : 

CeH.CKSOj)  +  aKHO  ±=  CjH^.OK  4-  SO^K,  +  OHy 

PMatrfebeBMnMoIpliODitei.  Potuaic  pheoate. 

On  dissolving  the  product  in  water,  and  acidulating  with  an  acid, 
the  potassic  pliciiatc  is  decomposed  and  phenol  (CgH.OII)  libe- 
rated, which  differs  from  benzenesulphonie  acid,  C^Uj(USOJ,  in 
containing  hydroxyl  in  place  of  the  HSO3  group. 

(1096)  Ute  of  Acetic  Chloride  and  Benzoic  Chloride. — ^Theae 
compoiinds  are  of  considerable  importance  in  examining  the  con- 
stitution of  certain  organic  compoimds  containing  oxygen,  for  by 
their  means  we  can,  in  most  cases,  determine  with  certainty  the 
number  of  OH  groups  there  are  in  the  substance.  These  chlo- 
rides  react  with  the  oiygen  componnda  in  such  a  manner  that 
the  hydrogen  in  the  OH  groups  is  displaced  by  acetyl  or  benioyl 
respectively,  according  to  the  chloride  which  has  been  employed ; 
for  instance,  acetic  acid,  when  treated  with  acetic  chloride  givea 
rise  to  acetic  acetate  or  acetic  anhydride : 

C2lT30(OH)     +    CgHgOCl    =    (C3H,0).0    +  HCl. 

Acetic  odd.  Acetic  chloride  Acetic  anhydride. 

Again,  orcin,  C^HgOj,  is  thus  shown  to  contain  two  OH  groups, 
and  to  be,  therefore,  a  dihydioxyl  derivative  of  toluene,  C^Hf(OH)^ 
The  action  is  as  follows : 

•  C^H«(OH),    +    2C,H,0C1    s    CyH„02(C,H,0),   +  2HCI. 

Orcin.  Benzoic  chloride.  Dibenzojrl-orciu. 

(1097)  The  list  of  reagents,  the  use  of  which  has  bccD  con« 
sidered  iu  the  preceding  paragraphs,  is  far  from  being  cxhaustiTe, 
although  it  includes  most  of  those  which  are  of  general  applica- 
tion. The  others,  such  as  ammonia,  cyanogen,  &c.,  usually 
give  rise  to  a  special  class  of  reactions,  which  will  be  most  con- 
veniently studied  when  describing  the  compounds  produced  in 
this  way. 

Amongst  those  fbroea  wUch  affect  chemical  reactions  the  one 
brought  most  prominently  under  the  notice  of  the  diemist  is  un- 
doubtedly heat.  Some  organic  substances,  and  especially  those 
of  complex  structure,  split  up  into  compounds  of  a  simpler  nature 
when  subjected  to  a  high  temperature.  In  other  cases  the  union 
of  two  organic  compounds,  or  the  action  of  reagents  on  them,  ia 
greatly  facilitated  by  gently  heating  them.  The  variations  in 
cfafimieal  action  canted  by  elevations  of  temperature  are  so  nurne* 
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rous,  and  of  such  universal  occurrence,  that  the  effects  produced 
by  it  must,  of  necessity,  be  considered  when  the  formation  and 
preparation  of  the  individual  compounds  are  described. 

The  eft'ect  of  insolation,  or  exposure  to  the  direct  rays  of  the 
sun,  is  in  many  instances  very  marked,  as  has  already  been 
noticed  in  the  formation  of  hydrochloric  acid  from  hvdro'rcii  and 
chioriue  (336).  Results  of  a  sunilar  nature  arc  frequently  ob- 
tained with  organic  compounds ;  for  instance,  mercury  has  no 
perceptible  action  on  methylic  iodide  when  protected  from  the 
lights  but  on  exposure  to  the  direct  solar  rays  combinatiou  gradu- 
ally ensnesy  and  mercnno  iodomethide^  UgCH3l,  is  produced. 


CHAPTER  IV. 

CTAMOGBN  AND  ITS  COMPOUNDS. 

(1098)  Ctanogbn:  CjNji  or  Cj^^S2. — This  substance  is 
one  of  the  most  interesting  compounds  of  carbon^  and  its 
discovery  by  Gay-Lussac,  in  1814^  formed  an  epoch  in  the 
history  of  chemical  science.  It  was  the  first  compound  body 
which  was  dirtinctly  proved  to  enter  into  reactions  in  a  manner 
similar  to  that  in  which  the  elements  do.  New  views  of  chemical 
composition  were  thus  originated^  whidi  were  afterwards  exten- 
sively  developed  in  the  theory  of  the  so-called  compound  radides^ 
and  have  exercised  a  most  material  inflence  upon  the  theory  of 
organic  compounds  in  general.  The  name  of  Cyanogen  (from 
Kvavoc  hlvLCj  ytvvaio  to  produce),  is  derived  from  the  circumstance 
that  this  body  forms  an  essential  ingredient  in  Prussian  blue.  It 
does  not  as  yet  seem  to  have  been  formed  by  the  direct  union  of 
its  constituent  elements,  but  if  a  mixture  of  charcoal  and  potassic 
carbonate  be  heated  to  redness  in  a  porcelain  tube,  and  nitrogen 
passed  over  it,  carbonic  oxide  escapes  abundantly,  whilst  potassic 
cyanide  is  produced:  K2C03  +  4C-f N,  =  2KCN  +  3CO.  This 
operation  takes  j)lace  in  the  blast  furnace  during  the  smelting  of 
iron,  a  notable  quantity  of  potassic  cyanide  being  formed  near 
the  hottest  part  (wo/e,  730),  the  potassium  being  derived  from  the 
ashes  of  the  coal  or  from  the  clay  in  the  ore  employed. 

Ammonia  if  pa.ssed  over  glowing  charcoal  yields  cyanogen 
compounds  still  more  readily,  especially  when  potassic  carbonate 
is  also  present.  The  oxidized  compounds  of  nitrogen,  such  as 
the  nitxatesj  likewise  readily  furnish  small  quantities  of  the  com- 
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pounds  of  cyano^m^  as  is  freqnently  obserred  in.  deflagrating 
charcoal  with  nitre. 

Tlie  sensitive  reaction  for  ascertaining  tlic  presence  of  nitrog:eii 
in  organic  compounds  already  mentioned  (I036)  is  founded  upon 
the  facility  with  wliich  either  potassium  or  sodium  determines  the 
formation  of  cyanogen  from  nitrogenized  compounds  of  carbon. 
Advantage  is  also  taken  of  this  circumstance  in  the  manufacture 
of  potassic  ferrocyanide.  When  animal  matters  containing  nitro- 
gen are  heated  with  potassic  carbonate  at  a  liigh  temperature, 
the  latter  is  reduced,  and  the  potassium  at  the  moment  of  its 
liberation  combines  with  the  nitrogen  and  a  portion  of  the  carbon 
to  iom  potassic  cyanide^  which  ii  tabseqnentijr  converted  into 
ferrocyanide  (11 14). 

Cyanogen  is  also  present  in  small  quantity  among  the  pro- 
ducts obtained  during  the  distillation  of  pit  coal,  and  it  is 
formed  during  the  decomposition  of  ammonic  oxalate  hj  heat, 
C,0^(NHJ,  yielding  C,N,+40Hy 

Cyanogen  is  usually  prepfured  by  strongly  heating  diy  mercuric 
cyanide^  HgCy^  in  a  retort  or  glass  tube,  when  it  splits  up  into 
metallic  mercury  and  cyanogen  gas  which  should  be  collected 
OTer  mercury.  Instead  <^  mercuric  cyanide  a  miztore  of  two 
parts  of  thoroughly  dried  potassic  fbrnx^anide  and  three  of 
mercuric  chloride  may  be  employed. 

Cyanogen  is  a  truisparent  colourless  gas  wbich  bums  with  a 
beautiful  rose-edged  purple  flame.  It  bas  a  peculiar  penetrating 
odour  and  is  poisonous  if  respired.  Water  at  the  ordinary  tempera- 
ture  dissolves  about  four  times  its  volume  of  the  gas,  and  it  ia 
still  more  freely  soluble  in  alcohol.  In  porcchiin  or  glass  vessels 
it  supports  a  high  temperature  without  dccompusition,  but  it  lieated 
in  iron  tubes,  charcoal  is  deposited,  and  a  volume  of  uitrogen 
remains  equal  to  that  of  the  cyanogen  used. 

The  composition  of  cyanogen  may  be  det(;rmined  by  detona- 
tion in  the  eudiometer  with  oxygen,  the  combustion  being 
attended  with  a  powerful  explosion.  One  volume  of  cyanogen 
and  two  volumes  of  oxAgcn  yield  two  of  carbonic  anhvdride  and 
one  of  nitrogen:  CgNg  +  20g=2COg  +  N^;  two  volumes  of  cya- 
nogen theretbre  contain  two  volumes  of  nitrogeUj  or  28  parts  by 
weight,  united  to  24  parts  by  weight  of  carbon : 

Carbon  „.  C,  m  34  or  46'IS  ...  P 
Nitrogen    ...      K    --    28     53-^5    ...  2 

Cyanogen    ...    C^is^    ^    5a     XOOOq    ...  a 
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Cyanogen  is  readily  reduced  to  the  liquid  state  by  a  pressure 
of  about  four  atmospheres  at  a  temperature  of  —  1 2°'5  F.),  It 
forms  a  colourless,  limpid  liquid,  of  sp.  gr.  0*866  at  17°  (62°  6  F.), 
which,  on  the  lemoTal  of  the  pressiire,  rapidly  but  quietly 
miimes  the  gaseous  state;  Mioardin^  to  Bunsen  it  boils  at 
— ao*7(-5«»  P.).  It  freezes  at  — 54**-5  (-30**  ¥,),  and  forms  a 
transparent  ciystaUine  solid,  which  is  nearly  of  the  same  density 
at  the  liquid. 

fig.  390  ahowB  so  Mfjr  method  of  liquefying  cyanogen  by  the  prewnw  of 
Hi  own  jwfwtt :  a  tobe  of  hud  gloM  it  bent  in  the  fimn  of  a»  6,  a  Into  tho 


FiOb  39a 


limb,  a,  well-dried  mercnric  cyanide  is  introduced ;  the  bend,  h,  is  placed  in  a 
baiiin  containing  a  freezint?  mixture  of  ice  and  salt,  and  heat  is  applied  cautiously 
to  the  cyanide  at  a  ;  ais  soon  as  the  gas  begins  to  escape,  the  stopcock  at  c  id 
eloMd,  and  the  cyanogen  then  becomee  oondraeed  in  the  Eqnid  state  and  coUecU 
in  the  bend, 

If  potassium  be  heated  in  cyanogen  it  bums  and  combines 
with  it,  forminp;  potassic  cyanide,  a  saline  body  analogous  to 
sodie  chloride  or  common  salt:  C^N^  +  2KCN.  This  re- 
action is  evidently  analogous  to  that  ^vllich  takes  place  with 
chlorine  and  potassium  under  similar  circumstances:  CU-t-Ko  = 
2KCI,  and  serves  to  illustrate  the  existence  of  the  remarkable 
property  ])()'<scssed  by  cyanogen  of  behaving  with  metals  and 
other  bodies  like  the  haloid  elements.  The  aqueous  solution  of 
cyanogen  gradually  decomposes  when  kept ;  a  browu  substance 
is  deposited,  and  the  solution  contains  amnionic  oxalate  together 
with  other  products:  C.N^  +  4011^  =  020^  (NIIJj.  When  cya- 
nogen is  passed  into  a  concentrated  solution  of  hydrochloric  acid 
the  liquid  after  some  hours  deposits  crystal  of  Ovramirfe :  CjJ^g  + 
aOH2=CgOg(NH,)3.  Dry  ammonia  and  cyanogen  combine^ 
fenning  ^drazulmin,  C^N^H,  (see  myoomelic  acid). 

(1099)  PARiCTAVOonr,  C^,. — When  thoroughly  dry  mercuric  cyanide  is 
stron^'ly  hp:it«'d,  as  in  the  preparatiim  of  cyanogen,  a  brotm  residue  is  left  in  the 
'etort.  which  coneiiti  of  a  compound  of  carbon  and  nitrogen  of  the  Mune  oe&te- 

/ 

Digitized  by  Google 


90 


HYDHOCYANIC  ACID 


[lIOO 


dnil  dompotttiim  «  ojvaogen.    Th«  oonttitotaon  of  panuyannffm,  u  tliii 

polymeride  of  cyanogen  is  called,  is  at  present  unknown.  According  to  Troort 
and  Hautefeuille,  the  Ifst  tm  thod  of  preparing  it  is  to  heat  the  dry  mercuric 
cyanide  in  sealed  tubes  to  440**  (824''  F.)  in  boiling  sulphur  for  twenty -four 
hours,  subeequently  removing  the  mercury  by  heatin^'^  the  product  to  440°* 
(824**  F.)  In  ft  •fcream  of  cyanogen  ;  by  tbii  meuit  40  per  oant.  of  the  oyanogen 
pment  ib  oonverted  into  pftraoyonogen  {QmpUB  remdm,  Izn.  735,  795).  Ar- 
gentic cyanide  also,  whon  itrongljr  heated  under  pressure,  yields  a  large  propor- 
tion of  paracyanogen.  This  compound  is  insoluble  in  water,  and  is  neither  vola- 
tile nor  fusible.  When  heated  to  860*^  (1580°  F.),  it  is  entirely  reconverted 
into  gaseous  cyanogen. 

(iico)  Hydrocyanic  acid;  Hydric  Cyanide, or  Prussic  Acid: 
HCN  or  HCy=  27. — When  a  mixture  of  cyanogen  and  hydrogen  is 
subioitted  to  the  actioa  of  the  silent  electric  discharge  the  two 
gases  unite  to  form  the  so-called  hydrocyanic  acid,  but  other 
substances  appear  to  be  produced  at  the  same  time :  CjNj  +  H||= 
aHCN ;  it  has  also  been  observed  by  Berthelot  that  when  a 
rapid  stream  of  sparks  from  an  induction  coil  is  passed  through  a 
mixture  of  acetylene  and  nitrogen  a  portion  of  the  mixed  gases  is 
oonyerted  into  hydrocyanic  acid:  Cj|H^+Ngs2HCN.  Hydro* 
cyanic  acid^  mixed  with  a  peculiar  essential  oil,  is  obtained  by 
distillation  from  the  kemeb  of  the  bitter  aknond,  and  from 
those  of  many  yarieties  of  stone  fruit;  it  is  also  present  in  the 
water  which  is  distilled  off  the  leaves  of'  the  laurel^  the  peach, 
and  some  other  shrubs ;  the  juice  of  the  tapioca  plant  {Jatropha 
numihoi)  likewise  contains  it,  and  it  is  also  formed  under  yarious 
drcumstances  during  the  oxidation  and  decomposition  of  certain 
nitrogenised  substances. 

The  aiad  may  be  easily  ])rcpared  in  many  ways ;  thus,  if  a 
current  of  dried  sulphuretted  hydrogen  be  passed  through  a  long 
tube  filled  with  mercuric  cvauidc  until  the  latter  has  become 
almost  eutirely  blackened,  mercuric  sulphide  aud  hydrocyauic 
acid  arc  formed:  HgCyg  +  H.^S  =  IlgS  +  iHCy.  It  may  also  be 
obtaiucd  by  decomposing  any  of  the  cyauidcs  with  a  strong  acid, 
and  subjecting  them  to  distillation ;  for  example,  mercuric  cya- 
nide when  treated  with  hydrochloric  acid  yields  it  readily,  but  as 
hydrocyauic  acid  combines  with  the  mercuric  chloride  formed 
during  the  reaction,  the  whole  of  the  hydrocyanic  acid  is  not 
obtained  bv  this  means  unless  amnionic  chloride  be  added  to  the 
mixture :  this  combines  with  the  mercuric  chloride  and  liberates 
the  hydrocyanic  acid.  The  most  economical  process  is  that  of 
W  ohier :  he  prepares  a  crude  potassic  cyanide  by  fusing  8  parts 
of  dried  potassic  ferrocyanide  with  3  of  potassic  carbonate  and  i 
part  of  charcoaL  The  decomposition  which  takes  place  is  shown  ia 
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tiiefoliowing  equation:  E^F6Cys+.KsCO,+2C=:6K.Cy+F6-(-3CO. 
The  fued  mass  is  treated  frith  6  times  its  weight  of  water^ 
in  a  well-olosed  rasel,  and  the  dear  liquid,  decanted  from 
the  iron  which  it  is  the  oliject  of  this  operation  to  separate,  is 
poured  into  a  retort;  solphnric  acid,  dilated  with  an  equal 
weight  of  water,  is  then  gradually  added  in  the  proportion  of 
I  part  of  the  acid  to  a  of  the  cjranide.  At  first  the  distillation 
proceeds  spontaneously  from  the  heat  dcTdoped  by  the  admix- 
ture of  the  sulphuric  acid  with  the  water,  and  in  order  to  condense 
the  add,  the  products  are  made  to  pass  through  a  long  U-shaped 
tube,  immersed  in  odd  water,  and  filled  with  calcic  chloride,  with 
the  exception  of  the  first  fourth  of  the  tube,  which  contains 
fragmeuts  of  the  crude  potassic  cyanide ;  to  the  bent  tube  is 
attached  a  second  delivering  tube,  which  passes  to  the  bottom  of 
a -bottle  cooled  with  ice  and  salt.  The  calcic  chloride  in  the 
U-tube  retains  the  moisture,  and  the  potassic  cyanide  any 
sulphuric  acid  that  might  chance  to  pass  over,  whilst  the 
hvdiocvanic  acid  collects  in  the  anhydrous  state  in  the  cooled 
receiver.  Owing  to  its  intensely  poisonous  character,  and  almost 
instantaneous  action  in  destroying  life,  the  greatest  care  is 
requisite  in  conducting  experiments  with  this  substance  ;  tlio 
apparatus  should  always  be  arranged  so  that  the  vapours  are 
carried  away  from  the  operator  by  a  brisk  current  of  air.  The 
reaction  <tf  sulphuric  acid  upon  potassic  cyanide  is  very  simple, 
being  exactly  analogous  to  its  action  upon  sodic  chloride : 

2KCy  +  2H2SO,=  allCy  +  2KHSO4. 

Anhydrous  hydrocyanic  acid  is  a  colourless,  transparent  liquid, 
which  boils  at  26*»-5  {So**  F.) ;  sp.  gr.  7058  at  f  (44*»-6  P.)  It 
is  veiy  Tolatile ;  in  &ct,  so  rapidly  does  it  evaporate,  that  if  a 
drop  be  allowed  to  fall  upon  a  glass  plate,  part  of  the  add 
becomes  frosen  by  the  cold  produced  by  its  own  evaporation.  Its 
▼apour  has  an  odour  resembling  that  of  peach  blossoms,  causing 
•  peculiar  sense  of  oppression,  and  a  constriction  in  the  &uces. 

Hydrocyanic  add  is  very  inflammable ;  it  bums  with  a  flame 
resembling  that  of  cyanogen,  but  of  a  whiter  cdour.  When 
potassium  is  heated  in  hydrocyanic  acid  yapour,  potateic  <7anide 
is  formed,  and  a  volume  of  hydrogen  equal  to  half  that  of  the 
▼aponr  employed  is  liberated ;  chlorine  and  bromine  decompose 
it  immediately,  hydrochloric  or  hydrobromic  acid  is  produced, 
and  if  excess  of  the  halogen  be  present,  cyanogen  chloride  or 
bromide  is  formed.    1£  3  volumes  of  oxygen  be  mingled  with 
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4  of  hydrocyanic  Tapour,  a  nuztnxe  is  obtained  which  detonates 
powerfully  on  passing  the  electric  spark ;  4  volnmes  of  carbonie 
anhydride  and  2  of  nitrogen  remain,  and  2  Tolnmes  of  steam  are 
condensed :  4HCN+ 50^3400,+ aK,+ 3OH,.  The  composition 
of  hydrocyanic  acid  may  be  calculated  from  the  result  of  this 
experiment,  and  may  be  represented  as  fellows : 

Bj  wc|^t>  vol* 
CWboii    C    B    IS  or  44*45  P 

Nitrogm    N    =    14      51-85  ...  i 

Hydngen    H    =      i       370  ...  i 

Hydroejaaie  aeid  ...  HCK    ^    27     100*00    ...  9 

"When  auhvdrous  hvdrocvauic  acid  is  mixed  with  its  own 
weight  of  water,  a  contraction  in  bulk  amounting  to  between  5 
and  7  per  cent,  takes  ])lacc,  and  at  the  same  time  a  depression  of 
several  degrees  of  teni])(  ruture  occurs  (Bussy  and  Buignet).  The 
same  effects  arc  observed  in  a  smaller  degree  if  the  two 
liquids  are  mixed  in  other  proportions ;  but  the  maximum 
reduction  of  temperature  ocrnrs  when  equal  weights  of  the  two, 
corresponding  to  Q,liCj,^Oil^  are  taken.  {Ann,  Chim,  Phy9* 
[4],  iii.  237.) 

Hydrocyanic  acid  reddens  litmns  slightly,  dissoWes  mercuric 
oxide  freely^  and  precipitates  argentic  nitrate  in  white  flocculi  of 
argentic  cyanide,  AgCy  ;  but  the  acid  properties  of  this  body  are 
Ui  less  pronounced  than  those  of  hydrochloric  acid,  to  which  it  i» 
analogous  in  composition,  which  may  be  due  to  cyanogen  being 
but  feebly  negative  as  compaied  with  chlorine. 

Pure  hydrocyanic  add  may  be  kept  unchanged  according  to 
Oautier,  but  if  it  contain  a  trace  of  water  or  amnionic  cyanide, 
or  other  impurity,  it  soon  alters,  espedaUy  if  exposed  to  l^ht>  a 
brown  humus-like  matter  is  then  fonned. 

Fdouie  has  pointed  out  a  remarkable  decomposition  whicb 
furnishes  dilute  hydrocyanic  acid  almost  in  a  state  of  purity; 
I  molecule  of  aystallised  ammonic  formate  ccmtatns  the  etoients 
of  I  molecule  of  hydrocyanic  acid  and  2  molecules  of  water.  If 
this  salt  be  placed  in  a  retort  and  heated,  it  melts  at  iao°  (248°  F.), 
loses  a  little  ammonia  at  140°  (284^  ¥.),  and  between  180°  and 
ac»°  (356°  and  392  F.),  distils  over;  if  the  vapour  be  passed 
through  a  red-hot  tube  it  is  wholly  converted  into  hydrocyanic 
acid  and  water:  IIC00NH^=11(:N  +  2OH,.  On  the  other  hand, 
an  aqueous  solution  of  hydrocyanic  acid  undergoes  spontaneous 
decomposition^  part  of  it  being  converted  into  ammonic  formate : 

HCN  +  aOH,  =  HCOONH^. 
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The  fomatiaii  of  Gz»]ic  add  from  cyanogen  (p.  89),  and  of 
Ibnnic  acid  from  hydrocyanic  add,  by  the  action  of  water  is  the 
molt  of  the  oonTcrnon  of  the  CN  group  into  the  COOH  or 
carboxyl  group;  thnt: 

0  =  C-0'r-H 

I         +  4OU.  =        I  +  3NH,. 

H  -  C  »  K  +  2OH,  =  H-C-O-H  +  NH,. 

O 

BjdrocTanic  aakL  Formic  acid. 

This  observation  is  of  considerable  importance,  as,  in 
&ct,  whenever  the— C^N  gronp  is  present  in  a  compound  it 
may  be  resohedinto  the  0=C-*0— H  gnmp  by  the  action 
of  water.  1 

Dilute  hydrocyanic  add  may  be  prepared  by  the  distillation 
of  potassic  ferrocyanide  with  dilute  sulphuric  add ;  10  parts  of 
the  salt  being  dbsolved  in  4  times  its  weight  of  warm  water, 
snd  distilled  with  7  parts  of  the  add  diluted  with  twice  its 
weight  of  water,  until  about  half  the  bulk  of  the  liquid  has 
passed  over.    In  this  reaction, 

oKJiFeCy^ + 6H^O^= 6HCy + K^e"(FeCy^ + 6KHS0^ 

only  one-half  of  the  cyanogen  present  in  the  ferrocyanide  is 
obtained  as  hydrocyanic  acid,  a  white  insohible  compound,  long 
known  as  Evcritt's  salt,  being  left  in  the  retort;  this  has  the 
composition  K2Fe"{FeCyg),  and  appears  to  be  identical  with  the 
potassic  ferrous  ferrocyanide  formed  on  adding  a  solution  of  a 
ferrous  salt  to  one  of  ferrocyauide  (1120). 

Ai  the  Mid  is  now  freqnentiy  smployed  in  imdiane,  it  if  higlity  importani* 
sa  Sfleoant  of  its  energetk  action,  to  be  abl«  to  iiwire  its  prepantioa  d*  an  sni* 

form  strength  ;  this  is  easily  atLained  by  the  process  of  a  former  l*hnrmacopa?ia, 
which  direct-s  48  J,  fjniins  of  argentic  cyanide  to  be  suspoiided  in  an  ounce  of 
water,  and  to  be  decomposed  by  39^  grains  of  hydrochloric  acid,  decanting  the 
skar  liquid  from  the  argentie  diloride;  this  arid  oootaina  2  per  oeni.  of  tbe  aa- 
hydrona  arid.  The  acid  when  dilute  is  less  prone  to  deoompoeition  than  whoa 
OOOoentrated,  especially  if  a  little  free  sulphuric  acid  be  prenent:  but  it  should 
always  be  excluded  from  the  light.  This  acid  is  extremely  volatile,  and  if  a 
bottle  containing  tbe  diluted  acid  be  left  open  for  a  few  hours  it  will  be  found 
to  have  budered  a  very  material  reduction  in  strength;  indeed,  the  mere  open- 
ing and  ekmng  the  hottle  in  dispenring  the  medieine  alwaye  reduces  ita 
atnngtb.  When  aobjccted  to  distillation  a  large  quantity  is  UKually  h>st,  and 
tht>  ;^reater  porticjn  of  the  acid  comes  over  in  the  first  fourth  of  tiie  distillate. 
'What  is  called  ScAwie's  acid  varies  greatly  in  streogtb,  owing  U>  the  difficulty 
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of  condensing  the  acid  vapour.  It  is  directed  to  be  prepared  by  mixing  lo 
pnrU  of  potMWO  ferrocjanide  with  3  75  of  sul  phono  add  provionaly  dilated 
witi)  40  parti  of  water,  and  distilling  over  till  10  part*  an  collected.  It 
seldom  contains  men  than  5  p«r  oant.  of  tho  acid,  and  the  prqpovtioD  ia  oftan 
oouaiderablj  leaa. 

(iioi)  Hydrocyanic  acid  possesses  the  properly  of  comlniiiiig 
directly  with  the  haloid  acids  forming  crystalline  componnda 
which  in  contact  with  water  decompose  with  the  greatest  readineaa 
into  the  corresponding  ammonic  salt  and  formic  acid^  thus : 

N(CH;'''HC1  +  2OH,  =  NII.Cl  +  HCOOH. 

FoRMONiTRiLE  HYDROCHLORIDE,  OP  Methenylammonic  Chloride; 
N(CHy"HCl  =  HCN,HCl.- -Hydrochloric  acid  is  rapidly  absorbed 
by  well  cooled  anhydrous  hydrocyanic  acid,  and  on  allowing  the 
mixture  to  stand  it  becomes  het  and  deposits  the  new  compound 
in  a  crystalline  state.  It  is  very  hygroacopo  and  its  solution 
rapidly  decomposes.  It  is  insoluble  in  etherj  but  soluble  in 
alcohol,  and  ia  decomposed  by  it.  Hydrocyanic  acid  unites 
with  hydiiodic  acid  to  form  the  hydrMide^  CHN^HL 
The  compound  of  hydrocyanic  add  wi^  hydrobromic  add^ 
according  to  Qal^  has  the  formula  CHN^HBr,  but  according  to 
6auti«r  its  formula  is  aCHN,3HBr.  Compounds  of  hydro- 
cyanic add  with  certain  metallic  chlorides  also  existj  such  aa 
those  with  antimonic  chloride,  SbC1^3HCy,  with  ferric  chloride 
FcoClg,4HCy,  and  with  stannic  chloride  SnCl^HCy;  they  are 
crystalline  substances,  and  may  be  prepared  by  the  direct  union, 
of  hydrocyanic  acid  with  the  anhydrous  metallic  chloride. 

(1102)  Tbibtdeocyakic  Acid»  C,N,H,. — When  bydrooyanio  add  or  Its 
aqneonn  solution  is  heated  with  epichlorhydrin,  or  when  an  aqueous  solution,  to 
which  a  tribal]  quantity  of  an  alkaline  liydrate  ha«  been  added,  '\»  allowed  to  ^tand 
for  some  weeks,  a  part  of  the  hydrocyanic  acid  is  converted  into  a  polymeric 
modification,  which  may  be  extracted  from  the  brown  hamoa^like  mass  by  means 
of  ether.  On  evaporating  tlie  ethereal  aolntkm  a  fatown  crystalline  bmum  of  tho 
so-called  trihydrocyanic  acid  is  left,  which  can  be  purified  by  treatment  with 
anitnal  cliarcoal  and  rrystallization  from  hot  water.  It  is  only  slij^htly  soluble 
in  cold  watpr,  more  readily  in  hot  water.  This  compound  is  decomposed  by  the 
action  of  alkalies  or  acids,  yielding  auiidoacetic  acid  or  glycocine,  carbonic  anhy- 
dridoi  and  ammonia : 

C^N.K,  +  2HCI  +  4OH,  =  C,NHp/+  CO,  +  aNH^a 

Trihjdrocji'auic  acid.  Amidoac«iie  acid. 

(1103)  Deff  ctumqfHi/droq/anic  Acid  and  the  Cyanides. — The 
presence  of  hydrocyanic  acid  or  of  the  soluble  cyanides  in  solu- 
tion may  be  determined  by  the  following  tests : — 

I.  With  ai^gentic  nitrate,  a  white  cuidy  precipitate  is  formed, 
which  does  not  blacken  by  exposure  to  light,  and  is  nearly 
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insoliibie  in  cold  nitric  acid ;  when  the  dry  precipitate  ia  heated 
to  rednev  it  giyes  off  cyano^n. — 2.  If  to  the  liquid  a  slight 
eioeas  of  potawic  hydrate  be  added^  and  then  a  mixtnre  of 
ferroQS  and  ferric  tolphatej  a  precipitate  of  hydrated  ferric  and 
fenona  oxide  is  prodncedj  which,  when  treated  with  excess  of 
hydrochloric  acid,  leaves  Prussian  blue.  This  test  may  be  modi- 
fied by  gently  heating  the  suspected  mixture  with  sulphuric  add^ 
and  suspend^  in  the  flask  or  retort  fer  a  few  minutes  a  piece 
of  paper  moistened  with  a  solution  of  potassic  hydrate;  on 
dropping  a  weak  solution  of  the  mixed  sulphates  of  iron  upon 
the  paper,  and  tilien  immersing  it  in  diluted  sulphuric  add,  hydro- 
cyanic acid  may  be  recognised  by  the  formation  of  Plrassian  bine 
when  very  minute  traces  only  are  present. — 3.  Let  the  liquid  be 
acidulated  with  a  few  drops  of  hydrochloric  acid,  place  it  in  a 
watch-glass,  and  let  a  second  watch-glass  be  inverted  over  it, 
moistened  with  a  drop  of  a  soluiion  of  yellow  amnionic  sulphide 
(containing  amnionic  disulphide) ;  after  a  few  minutes  let  the 
up])er  watch-^lass  he  removed,  and  the  liquid  bo  evaporated  to 
dryness  at  a  gentle  heat :  ammonic  sulphocyanate  will  lie  left, 
and  the  volatile  ammonic  sulphydratc  will  pass  off:  (NII^),S,+ 
HCN  =  CNS.NH^-f  SH.NH^.  On  adding  a  drop  of  a  weak  "so'lu- 
tion  of  ferric  chloride  to  the  dry  residue  a  red  colour  is  produced, 
due  to  feme  sulphocyanate. 

( 1 104)  Estimation  of  Hydrocyanic  Acid. — Liehig  has  given  a 
xeady  method  for  the  exact  determination  of  the  strength  of 
a  solution  of  hydrocyanic  acid  founded  upon  the  solubili^  of 
the  double  cyanide  of  potassium  and  silver  (1109). 

The  acid  to  be  tested  is  supersaturated  with  a  solution  of 
potassic  hydrate,  and  a  standard  solution  of  argentic  nitrate 
(containing  17  gramme  of  nitrate  in  100  cubic  centim.  of  water) 
is  g^nally  added,  agitating  the  mixture  alter  each  addition : 
as  Boon  as  the  precipitate  is  no  longer  redissolyed,  the  number 
of  cubic  centims.  of  nitrate  added  is  read  off;  17  grm.  of  argentic 
nitrate  represent  0*34  grm.  of  hydrocyanic  acid.  The  reaction 
is  the  following:  AgN0,+2KCy3sAgCy,KCy+KN0,.  The 
presence  of  chlorides  does  not  interfere  with  the  application  of 
the  test. 

Cupric  sulphate  may  be  substituted  for  the  argentic  nitrate 
if  the  hydrocyanic  solution  be  rendered  alkaline  with  ammonia 
instead  cdT  with  potassic  hydrate.  The  reaction  is  complete  as 
soon  as  the  liquid  acquires  a  slightly  blue  t^nge  :  1*247  S^^- 
the  crystallized  sulphate  represents  0*54  grm.  of  hydrocyanic 
acid. 
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The  quantity  of  cyanogen  in  the  simple  cj'anides  may  be  determined  by  the 
following  method  proposed  by  Heisch  (Joiirn.  Chrm.  Sor.,  ii.  219).  The  sub- 
stance lor  analysis  is  placed  in  a  small  llask  with  some  pieces  of  pure  zinc  and  m 
Httk  mtori  tlie  wk  of  Hie  lltik  is  fitted  willi  m  oork,  tbioiigli  whioh  urn 
pMted  « tube  limit  twiee  it  right  Mglct  &r  oinTiiig  df  the  gM  which  it  4ieea- 
gaged,  and  a  tube  funnel,  dovn  which  sulphnrio  tdd  is  ponred.  HydrogOk  is 
liberated,  and  carries  off  the  wholo  of  the  cyanogen,  in  the  form  of  hydrocyanic 
acid,  which  is  arrested  by  causing  it  to  pass  throii^^h  a  polution  of  argentic 
nitraU'.  The  argentic  cyanide  may  afterwards  be  collected  upon  a  filter  and 
weighed ;  hot  it  ie  helter  to  eonduct  the  ▼apomB  of  hydrocjaaie  add  into  & 
aolation  of  potaeeie  hydrate,  and  afterwards  to  add  to  the  f^^ift^mf  liquid  a 
itaiidafd  eolation  of  aigentic  nitnte,  or  of  cnxgrio  eolphotai. 

(i  105)  Ctanidu. — The  cyanides  of  the  metals  of  the  alkaliea 
and  alkaline  earths  ue  firedy  soluble  in  water,  whilst  most  of  the 
cyanides  of  the  heavy  metals  are  insoluble  ;  when  boiled  with 
hychoLliloric  acid  they  are  generally  decomposed  with  evolution 
of  hydrocyanic  acid ;  those  of  silver  and  mercury,  when  heated 
to  redness,  yield  cyanogen  gas.  The  soluble  cyanides  give  a  grey 
precipitate  of  the  reduced  metal  when  mixed  with  a  solution  of 
a  mercurous  salt;  the  mercuric  salts,  on  the  contrary,  give  no  pre- 
cipitate. Most  of  the  cyanides  which  are  insoluble  in  water  may 
be  dissolved  by  means  of  a  solution  of  the  cvanidc  of  an  alkali 
metal  :  in  such  cases  double  cyanides  are  generally  formed. 
The  cyanides  of  iron,  cobalt,  manganese,  chromium,  platinum, 
and  some  other  metals  form,  with  the  cyanides  of  the  metals  of 
the  alkalies  and  the  alkaline  earths,  compounds  of  a  peculiar 
chancter  in  which  the  presence  X)f  the  iron,  or  the  cobalt,  kc, 
cannot  be  detected  by  the  nsnal  tests  for  these  metals.  Some  of 
these  compounds  are  of  considerable  importance. 

(1106)  PoTASSic  Cyanide  ;  KCN  or  KCy=65*i. — ^This  salt  is 
formed  when  potassium  is  heated  in  cyanogen  or  hydrocyanic 
acid  vapour,  or  when  potassic  hydrate  is  dissolved  in  a  solution 
of  hydrocyanic  acid.  It  is  most  conveniently  prepared  by  beat- 
ing thoroughly  dried  potassic  ferrocyanide  to  redness  in  an  iron 
vessel,  taking  care  to  exclude  the  air,  the  reaction  being 
K4FeC«NgS4KCN+FBCa+N,.  Most  of  the  potassic  cyanide 
may  be  poured  off,  in  a  fused  state,  from  the  iron  carbide  which 
settles  at  the  bottom,  and  the  remainder  may  be  obtained  by 
pulverizing  the  latter  and  extracting  it  with  boiling  alcohol, 
which  deposits  the  cyanide  in  the  crystalline  state  on  cooling. 
It  may  also  be  obtained  by  heating  to  dull  redness  in  a  covered 
iron  crucible  a  mixture  8  parts  of  anhydrous  potassic  ferro- 
cyanide, and  3  of  dried  potassic  carbonate  until  the  fused  mass 
has  lost  its  yellow  colour,  and  ceases  to  give  off  bubbles  of  gas. 
The  iron  is  bcparatcd  iu  the  lorm  of  a  metallic  powder^  and  sub- 
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ndet  to  liie  bottom  of  the  cnicible ;  the  fiued  cyanide  can  tlien 

be  poured  off,  as  in  the  previous  process,  and  solidifies  on  cooling 
to  a  milk-white  mass.  The  cyanide  thus  obtained  is,  however, 
always  mixed  with  a  portioa  of  emanate,  the  reaction  being  shown 
iu  the  following  equation : 

K^FeC^N,  +  KjCO,  =  5KCN  +  KCNO  +  Fe  +  CO^ 

Potassic  cyanide  is  prepared  in  considerable  quantities  for  the 
purpose  of  dissolving  the  salts  of  gold  and  silver  in  the  pjrocetses 
of  elcctrotypmg  ;  it  is  also  employed  in  photography. 

If  it  be  desired  to  avoid  the  presence  of  potassic  cyanate,  it 
may  be  got  rid  of  by  adding  to  the  mixture  of  the  carbonate  and 
lerrocyanide,  before  fosion,  one-eighth  of  its  weight  of  charcoal, 
which  at  a  red  heat  reduces  the  potassic  cyanate  to  cyanide : 
the  fused  salt^  when  decanted  from  the  iron,  will  then  have  a 
black  aspect,  owing  to  the  presence  of  the  charcoal  which  his 
been  employed  in  excess.  If  it  is  to  be  used  in  solution  imme- 
diately>  it  may  be  dissolved  in  water  and  filtered^  or  it  may  be 
purified  by  erystallization  from  boiling  alcohoL  When  pore 
potaaiic  cyanide  is  required,  however,  it  is  best  to  pass  the 
Tapomr  dry  hydrocyanic  add  into  a  solution  of  potassic  hydrate 
ID  absolnte  alcohoL  It  i»  then  at  once  precipitated  in  the 
crystalline  state. 

Potasnc  cyanide  forms  coloniless,  deliquescent  cubes ;  it  has 
an  alkaline  reaction,  and  when  moirt  emits  an  odour  of  hydro* 
cyanic  add;  it  is  highly  poisonous.  Its  aqueous  soluticm  slowty 
decomposes  at  the  ordinary  temperature,  and  much  more  rapidly 
when  boiled,  giving  rise  to  potassic  formate  and  ammonia: 
CNK  +  20H2=HCOOK-fNH3.  I\ised  potassic  cyanide  rapidly 
absorbs  oxygen,  so  that  it  is  a  powerful  and  valuable  redueing 
agent.  The  oxides  of  a  large  number  of  metals,  including  those 
of  lead,  copper,  and  iron,  when  thrown  into  the  melted  salt  are 
immediately  reduced  to  the  metallic  state,  while  potassic  cyanate 
is  formed.  It  may  also  be  used  iu  the  laboratory  as  a  reducing 
agent  instead  of  black  flux,  in  testing  for  arseiiicum  (841). 
Solutions  of  potassic  cyanide  dissolve  mLtallie  iron,  zinc,  niekel, 
and  copper,  with  evolution  of  hydrogen,  while  potassic  hydrate  is 
produced.  Silver  and  gold  are  also  dissolved  by  the  solution  of 
potassic  cyanide,  if  air  be  allowed  free  access,  and  double  cyanides 
of  potassium  with  those  metals  are  formed.  Cupric  sulphide 
is  soluble  in  an  excess  of  potassic  cyanide,  and  may  be  thus 
easily  separated  firom  cadmic  sulphide,  which  is  insoluble  in  this 
resgent. 

a  H 
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(1T07)  Double  Cyanides. — Potassic  cyanide  frequeutly  pro- 
duces a  precipitate  of  a  metallic  cyanide  when  mixed  with  solu- 
tions of  the  metals,  and  in  a  great  number  of  intstanccs  they  are 
soluble  in  an  excess  of  the  potassic  cyanide,  forming  crjstallizable 
double  salts.  The  cyanides  of  the  metals  of  the  other  alkalies 
and  of  the  alkaline  earths^  when  substituted  for  potattb  cjanide, 
produce  similar  double  cyanides.  The  double  (^anides  which 
are  formed  in  these  cases  are  of  two  kinds  or  classes;  those 
of  the  first  class  are  highly  poisonous^  and  comparatively  unstable, 
being  decomposed  by  dilute  acids,  such  as  hydrochloric  acid.  la 
such  cases  the  potassic  cyanide  u  decomposed,  hydrocyanic  acid 
is  liberated,  and  the  insoluble  metallic  cyanide  is  precipitated : 
the  double  salts  which  the  cyanides  of  sine,  nickel,  copper,  and 
silver  form  with  potassic  cyanide  belong  to  this  class.  When, 
for  example,  potaraic  nickdous  cyanide  is  decomposed  by  hydro> 
chloric  acid  nickeloua  cyanide  is  precipitated ;  ike  following  re- 
action taking  place : 

NiCy^  aKCy  +  aHCl  =  NiCy,  +•  aKCl  +  »HCy. 

The  alkalies  do  not  occasion  precipitates  in  the  solutions  of  the 

double  cyanides.  When  these  double  cyanides  are  mixed  with  a 
solution  of  u  metallic  salt  which,  like  plumbic  acetate  or  cupric 
sulphate,  is  capable  of  furnishing  an  insoluble  cyanide,  a  double 
insoluble  cyanide  is  formed ;  for  example  : 

NiCy,»aKCy  +  Vh{Cfifi^^  =  NiCy^PbCy,  +  2KC,H,0^. 

The  double  cyanides  of  tlie  second  class  are  much  more 
stable  :  the  addition  of  dilute  acids  does  not  produce  any  precipi- 
tate of  au  insoluble  cyanide,  neither  does  it  cause  the  liberation 
of  hydrocyanic  acid  ;  the  poisonous  characters  of  the  cyanides  is 
also  frequently  absent  in  salts  of  this  class.  The  double  salts 
which  the  cyanides  of  cobalt^  of  iron,  of  chromium,  and  of 
platinimi,  form  with  potassic  cyanide,  are  of  this  kind,  and  they 
may  conyeniently  be  regarded  as  compounds  of  potassium  with 
hypothetical  radicles,  to  which  the  terms  oobalticyanogen,  feno- 
cyanogen,  ferricyanogen,  cbromicyanogen,  and  platinocyanogen, 
have  been  applied,  since,  from  these  salts,  acids  may  be  obtained 
which  contain  a  certain  number  of  atoms  of  hydrogen  capable  ci 
being  replaced  by  metals.  For  instance,  the  cyanide  of  potassium 
and  iron,  termed  potassic  fierrocyanide,  which  is  represented  bj 
the  formula,  K^FeCy^,  yields,  when  decomposed  by  hydrochloric 
add,  a  oomponnd  termed  hydroferrocyaaic  add,  H^FeCyg,  con- 
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taiDing  4  atoms  of  hydrogen  instead  of  the  4  of  potassium  in  the 
ongimd  salt : 

K^FeCy,  +  4HCI  =  H^FcCy,  +  4KCL 

JntiMln  tutoejuMt.  Vjdniteiocgrttto  add. 

The  compound  H^FeCy^  readily  decomposes  the  metallic  car- 

bouates  with  effervescence. 

(iic8)  Double  Cyanides. — The  followino^  are  some  of  the 
principal  iiisuhible  metallic  cyanides  -svhich  yield  double  cyanides 
of  the  first  class,  i.e.,  donblo  salts  \\liich  are  decomposed  aud^ieid 
a  precipitate  on  the  addition  of  a  dilute  acid. 

Zinrir  ryariidc  is  white,  and  insoluble  in  water;  with  potassic  cyanide  it 
forms  a  soluble  suit,  ZDCy,2KCy,  which  may  be  obtained  in  large,  reguhir,  an- 
hydrooM,  ooboxlM  oetahedn.  Sodiemneie  ej^attide,  3ZDCjg,2NaCy,50U,,  may 
bs  •btained  in  bviUiaat  plslet,  if  lodie  cyanide  be  enbetitttted  tut  potaipio 
ejanide.  Corresponding  oonpoandri  containing  cadmium  and  indium  in  place  of 
zinc  also  exist.  The  inJir  cyanide  is,  however,  easily  decouiiK)sed  when  boiled 
with  water,  indie  hydrate  bfiiii,'  formed,  and  hydrocyanic  acid  evolved.  Nickelvus 
t^anide,  ^'iCy,,  forms  au  apple-green  precipitate,  wliich  is  very  soluble  ia 
pnliwhi  cyanide,  forming  a  donble  aalt*  NiCy,,3KCy,0II^  wkieh  eryataUiaee  in 
oUiqne  rhombic  prismii  of  a  yellow  colour.  Cuprous  cyanide,  Cu,Cy,,  is  a  white 
inatdable  powder  obtained  by  treating  an  acid  solution  of  cuprous  ohlpride  with 
potassic  cyanide  ;  it  U  soluble  in  ammonia  and  in  dilute  acids.  Cupric  sulphate 
yields  with  potaasic  cyanide  a  brownish-yellow  precipitate,  CuCy^,  which  may  be 
obtained  in  the  pure  atate  by  treating  recently  precipitated  coprio  hydrate  with 
hydrocyanie  acid ;  it  eoon  b^ine  to  give  off  cyanogen,  becoming  eonTerted  into 
a  double  cnpraoO'eapric  cyanide,  Cn,Cy^CnCy^50H^  On  boiling  thia  with 
water  it  uiidcr'^'m's  decomposition,  cyanogen  being  evolved,  and  cuprous  cyanide 
formed.  The  cuproso-cujaic  cyanide  may  also  obtained  in  bright  green 
ezystals  by  adding  hydrocyanic  acid  to  a  solution  of  cupric  sulphate.  Cupric 
fljanida^  CnQf^  b  eolnble  in  eKcem  of  poteaeic  cyanide,  with  evolution  of 
cyanogen,  and  formation  of  cuprous  cyanide ;  cuprous  cynnide  forms  two  ciyB« 
tallized  double  salts,  CUjCyj,2KCy,  and  CUjCy,,6KCy.  The  latter  is  the  more 
•oluble  salt  of  the  two.  On  precipitating  a  solution  of  the  former  with  plumbic 
acetate,  hu>peudiug  the  plumbic  cuprous  cyanide  thus  obtained  in  water  and  de- 
composing it  by  sulphuretted  hydrogen,  a  solution  of  cuproeyanic  acid, 
H,Cu,Cy^,  is  left.  Flmmbic  ejfatUde,  PbCy,,  ia  n  white  precipitate  inaduble  in 
water,  or  io  a  aolntion  of  potassic  cyanide.  Dilute  anlpirario  add  deeompoacs  it 
with  liberaticii  of  hydrocyanic  acid. 

(1109)  Abgsntic  Ctanidb,  or  Cyamde  of  Silver;  AgCN  or 
AgCy= 134 ;  8p.  gir,  3*943 ;  is  precipitated  in  dense  white  floccoU 
when  hydrocyanic  add  or  potassic  cyanide  is  added  to  a  eolation 
ef  argentic  nitrate.  It  is  nearly  insoluble  in  4ihiU  nitric  add 
eren  at  a  boiling  temperature,  but  it  is  soluble  in  ammonia^  and 
ia  decomposed  by  strong  boiling  nitric  add  and  by  hydrochloric 
add.  When  heated  strougly  it  melts,  and  gives  off  cyanogen, 
leafing  a  reridue  of  a  grey  colour,  which  appears  to  be  a  mixture 
of  metallic  silver  and  paracyanogen,  or  perhaps  argentic  para- 
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cyanide.  Argentic  cyanide  is  freely  solable  in  aolnttons  of  the 
cyanides  of  potassium,  sodium^  barium,  strontium,  and  caldam. 
These  solutions  give  no  precipitate  with  solutions  of  the  metallic 

chlorides ;  indeed^  argentic  cyanide  is  dissolved  by  boiling  solu- 
tions of  the  chlorides  of  the  alkali  and  alkaline  earthy  metals. 
It  is  also  soluble  in  a  solution  of  argentic  nitrate^  as  well  as  in 
solutions  of  potassic  fcrrocyanide  and  fcrricyunide.  AVlien 
potassic  fcrrocyanide  is  used  as  the  solvent,  a  dirty  blue  pre- 
cipitate is  formed,  and  the  liquid  beromcs  strongly  alkaline. 
Potassic  argentic  cyanide,  AgCy;KCy=  199*1,  is  usually  obtained 
in  anhydrous  octahedra  or  six-sided  plates,  but  occasionally  it 
forms  rhombic  prisms,  2AgCy,KCy,OH2.  This  salt  is  freely 
soluble  in  water  and  in  boiling  alcohol.  It  is  cxtcnsivelv  em- 
ployed  for  electro- silvering,  since  its  solution,  if  mixed  with  an 
excess  of  potassic  cyanide  and  then  submitted  to  electrolysis, 
deposits  silver  in  compact  coherent  plates  (295). 

(i  1 10)  Mebcubic  Ctaniob,  or  Cyanide  0/  Mercury;  Hg(CN), 
or  HgCyg'ssa^};  8p,  gr,  3*77.— >No  compound  of  mercury  and 
cyanogen  corresponding  to  the  mercurons  salts  is  known,  the 
addition  of  potassic  cyanide  to  a  solution  of  a  mercurons  salt 
producing  a  precipitate  of  metallic  mercury,  whilst  mercniic 
cyanide  remains  in  sdutioa : 

HgalNO,),  +  aKCy  =  Hg  +  HgCy^  +  2KNO,. 

Mercuric  cyanide  may  be  prepared  either  "by  dissolving  mcrruric 
oxide  in  dilute  hydrocyanic  acid,  in  which  the  oxide  is  soluble 
with  great  facility,  or  by  boiling  a  mixture  of  4  parts  ol 
finely-powdered  Prussian  blue  and  3  of  mercuric  oxide,  also  . 
finely  levigated,  with  30  parts  of  water,  until  the  undissolved 
portion  has  acquired  a  full  brown  colour :  the  filtrate  on  evi^ora- 
tion  yields  mercuric  cyanide.  It  may  also  be  procured  by  baling 
%  parts  of  mercuric  sulphate  with  i  part  of  potassic  fisrrocyanide 
and  8  of  water : 

K^l'eCy,  -t-  sHgSO,  =  aHgCy^  +  2K,S0^  +  FeSO,. 

Mercuric  cyanide  crystallises  in  anhydrous  rectangular  prisms, 
which  are  colourless  and  transparent.  It  has  a  nauseous,  metallic 
taste,  and  is  very  poisonous.  It  requires  about  8  parts  of  cold 
water  for  solution ;  it  is  less  soluble  in  ordinary  alcohol,  and 
nearly  insolubb  in  absolute  alcohol.  Mercuric  cyanide  is  decom- 
posed when  heated ;  if  perfectly  dry  it  yields  cyanogen  gas,  metallie 
meicury,  and  a  residue  of  paracyanogen ;  if  moist,  carbome 
anhydride,  ammonia^  and  hydrocyanic  add  are  produced. 
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Mercuric  cyanide  dissolves  mercuric  oxide  freely,  and  forms 

an  odfyieyamife,  HgO^HgCy^fso  'll^l^^,  which  oryBtallues  in 

needles ;  it  is  sparingly  soluble  in  cold  water,  and  the  liquid  has 
an  alkaline  reaction.  Mercuric  cyanide  does  not  give  any  pre- 
cipitate of  mercuric  oxide  on  tlic  addition  of  an  alkali.  When 
heated  with  sulphuric  or  hydrochloric  acid  it  is  decomposed,  and 
hydrocyanic  acid  is  given  off.  It  is  also  decomposed  by  sul- 
phuretted hydrogen.  Mercuric  cyanide  forma  double  salts  with 
the  alkaline  cyanides,  the  potassic  compound,  sKCy^HgCy^ 
crystallizing  in  colonrleaa  octahedra;  it  also  enters  into  com- 
bination with  a  great  number  of  chlorides,  bromides,  iodides^ 
cyanides,  nitrates,  and  various  other  aaitSj  forming  with  them 
ciystallizable  double  salts.  It  does  not  occasion  precipitates 
when  mixed  with  the  aolntions  of  salts  of  sinCj  cobalt,  nickel, 
wanganeae,  and  other  metala  which  yield  cyanidea  inaolnble  in 
water^  with  the  exception  of  the  salta  of  paUadinm  i  fiom  which 
it  wodd  appear  that  mercury  hai,  so  to  apeak,  a  stronger 
attraction  for  cyanogen  than  any  of  the  metals,  excepting 

(nil)  CTANIDS8  ov  GoLD. — JuToiu  cyoMe  ;  AuCy = 2zv6, 

may  be  obtained  by  several  methods ;  the  simplest  consists  in 

adding  a  aolntion  of  potassic  cyanide  to  a  dilute  aolulion  of 

aniic  chloridej  aa  long  as  a  precipitate  is  produced.    It  is  a 

lemon-yellow  insoluble  powder,  composed  of  microscopic  hexagonal 

pktea.    It  is  decomposed  by  heat  into  cyanogen  and  metallic 

gold;  boiling  nitric,  sulphuric,  and  hydrochloric  acids  do  not 

decompose  it  unless  very  concentrated,  and  aqua  regia  acts  upon 

it  very  slowly.    It  is  soluble  in  sodic  thiosulphate,  in  ammonic 

hydric  sulphide,  and  in  a  solution  of  potassic  ferrocyanide  but 

its  most  important  solvent  is  potassic  cyanide,  with  which  it 

forms  a   double    salt,  AuCy,KCy,  crystallizing  in  coiouiless 

rhombic  octahedra,  or  in  pearly  scales. 

Potassic  aururi/anidf  ;  KXw'Cy^. — This  salt  may  be  obtained  by  dissolving 
either  aurous  cj&nide,  sulphide  of  guld,  or  auric  oxide,  in  a  sulutioti  ui  putusjiio 
cysaids.  The  doable  ejanide  is  likewiu  formed  by  diMolving  finely-divided 
OMtdlio  gold  in  a  solatioo  of  potaawio  cyanide  with  ezpoeare  to  the  vr.  Po- 
tassic anrocyaiiirle  k  Isr^'cly  used  for  gilding  by  means  of  the  galvanic 
battery  ^95 5).  Copper  and  silver  articles  may  also  he  gilt  by  it  without  the  aid 
of  the  battery,  by  mere  immersion ;  portions  of  copper  or  of  silver  being  di»- 
■cdved  during  ibe  operation.  Potassic  aurocyunide  coaibiues  readily  with 
Iodine,  formiag  the  oomponad,  KAu'"Cy,I,,20U,,  from  whieh  the  oorreepoadincp 
compounds  containing  chlorine  and  bromine  are  obtained  on  treating  it  widk 
chlorine  or  bromine  {Bioomttratid,  Jtmnt.  j»r.  Chem,  [2]  iiL  21^. 
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Potasnc  auricyanide ;  KAu"'Cy^.— On  boiling  neatral  auric  chloride  with  a 
concentrated  solution  of  potassic  cyanide,  and  allowing  it  to  cool.  Inrge  trans- 
parent colourless  plates  of  the  double  salt,  KCj,  AuCy^.OH,,  we  deposited.  With 
argentic  nitrate  its  solution  yields  a  precipitate  of  argentic  aurocyanide,  and  on. 
•aapending  thit  in  water  and  deeomposing  it  by  bydroehlarie  add,  taking  enn 
not  to  employ  excess  of  the  latter,  a  HolotioD  of  hydroauricyame  ocid  is 
obtainod.  This  deposits  larc^e  colourless  orjstala  of  h^drie  ouriejfomdt, 
aAulICy^.jOH^,  when  evaporated  in  vacuo. 

(111 2)  Cyanides  op  Iaon. — Little  is  known  accurately  of  the 
simple  cyanides  of  iron.  When  potaasic  cyanide  is  mixed  with 
ferrous  sulphate  free  firom  ferric  salt,  an  orange-hrown  precipitate 
partially  soluble  in  acids  is  formed^  which,  according  to  Staedeler 
{Ann.  Chem,  Pharm,,  cli.  i),  consists  of  potasae  ferrous  cyanide, 
KFefij^,  This  precipitate  is  re*dissulvedby  an  excess  of  potassic 
(^ranide,  and  converted  into  potassic  ferrocyanide.  The  white 
compound  obtained  by  dccomposiDg  Fnusian  blue  by  means  of  a 
current  of  flolphuretted  hydrogen  appears  not  to  be  a  simple 
<^«nide  of  iron^  as  was  originally  supposed  by  Bobiquet.  Ferric 
eyanide  has  not  been  procured  in  a  separate  form.  When  a 
solution  of  ferric  chloride  is  mixed  witb  one  of  potassic  cyanide  a 
precipitate  of  hydrated  ferric  oxide  is  obtained^  hydrocyanic  add 
is  liberated,  and  potassic  chloride  is  finrmed;  irith  excess  of 
potassic  cyanide,  potassic  ferrocyanide  is  also  produced.  Pnunim 
bhte,  T\gm6uW9  bhie,  and  the  substance  which  Gmelin  terma 
Pnueian  green,  are  compound  cyanides  of  iron. 

(111 3)  FsBBooTANiDBs  AKD  FsMtiCTANntts, — ^The  cyauidea 
of  iron,  when  in .  combination  with  other  cyanides,  give  rise  to 
two  important  classes  of  compounds,  which  are  represented  by 
potassic  ferrocyanide^  the  so-called  yellow  pnissiate  of  potash, 
K^iiCy^t^OUy  and  potassic  ferricyonide,  the  so-called  red  prussiatc 
of  potash,  K^FcCy^.  Liebig  supposed  that  these  two  classes  of 
salts  contain  two  separate  radicles, /errocyawo^en,  FeCyg,  orCfy*'', 
and  ferricyanof/en,  FeCvg,  or  Cfdy'" ;  the  first  of  these  radicles 
being  assumed  to  be  tetrad  or  tetrabasic,  the  second  triad  or 
tribasic. 

(1114)  Potassic  Ferrocyanide,  or  Pnissiate  of  Potash  : 
K^Fe(CN),,30H2K,FcC}v,,3OH,=368'4,  or  K,Cf/^  +  54.  —  This 
important  salt  is  met  with  in  eomnicrce  nearly  in  a  state  of 
purity.  It  is  formed  when  nitrogenized  matters  are  heated  to 
redness  with  potassic  carbonate  and  iron,  and  also  when  a  ferrous 
salt  is  mixed  with  a  solution  of  potassic  hydrate  supersaturated 
with  hydrocyanic  acid.  It  is  manufactured  on  a  large  scale  by 
heating  dried  blood,  horns,  parings  of  hides,  and  other  animal 
matters  containing  nitrogen^  with  an  equal  weight  of  crude 
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potaaric  oarbonate,  and  about  one-thixd  of  their  wei'gbt  of  iron 
filings,  in  a  covered  iron  pot.  The  reaetiona  by  which  the  feno-i 
cyanide  is  produced  are  complicated.  When  animal  matters  are 
heated  with  potassic  carbonate,  the  latter  is  reduced  and  the 
potaasinm  oombinea  with  carbon  and  nitrogm  to  form  potassio 
cyanide.  A  variable  quantity  of  the  iron  which  ia  added  ia  at  the 
aame  time  oonTerted  into  sulphide,  owing  to  the  aetbn  of 
tiie  dipotaaaic  anlphide  (produced  by  the  reduction  of  the  potassic 
sulphate  in  the  crude  carbonate  employed)  upon  the  metaL  When 
the  masa  is  lizinated,  the  potassic  cyanide  contained  in  the  mixture 
attacka  the  metallic  iron,  and  potaaric  fenrocyanide  and  potassic 
hydrate  are  formed:  iaKCy  +  2l^+aOH^+0,=  2K4FeCyg  + 
;  if  the  air  have  not  free  accesa  hydrogen  is  also  evolved : 
6KCy  +  Fe+aOH,=K^FeCy«+H,+  2KHO.  At  the  aame  time 
the  potaaric  cyanide  acts  on  the  sulphide  in  the  following  manner : 
6KCy  +  FeS=K^FeCy,-|-K2S,  yielding  potassic  ferrocyanide  and 
potaaric  sulphide.  Ferrous  oxide  is  also  readily  dissolved  by  a 
solution  of  potassie  cyanide,  whilst  potassic  ferrocyanide  is  formed 
as  in  the  previous  cases:  6KCy  +  FeO  +  OH,  =  K^FeCyj  +  2KHO. 
A  knowledge  of  these  reactions  explains  the  formation  of  the  ferro- 
cyanide during  the  lixiviation  practised  in  the  course  of  the 
manufacture. 

Potassic  ferrocyanide  crystallizes  from  an  aqueous  solution 
in  large  truncated  pyramids  of  a  lemon- yellow  colour,  containing 
3  molecules  of  water ;  the  crystals  are  tough,  and  split  into 
laminse  with  facility.  It  is  soluble  in  about  four  parts  of  cold 
and  in  two  of  boiling  water,  but  is  insoluble  in  alcohol ;  the  addition 
of  a  solution  of  potassic  hydrate  to  a  coneentrated  aqueous  solu- 
tion causes  the  separation  of  a  portion  of  the  salt  in  the  crystal- 
line atate.  Potaaric  ferrocyanide  has  a  saline  bitterish  taste,  and 
ia  not  poiaonons.  Heated  to  Joo°  (212^  F.)  it  loses  the  whole  of 
its  water  of  crystallization,  and  crumbles  to  a  yellowiah-white 
powder;  when  heated  to  redness  in  closed  vessels  it  fuses,  and 
undergoes  decomposition,  nitrogen  being  evolved,  whilst  potassic 
cyanide  and  carbide  of  iron  are  formed  (iio6).  When  dried  and 
Iiealed  with  black  oride  of  manganese,  potassic  cyanate  ia  produced. 

The  iron  in  the  ferrocyanide  doea  not  perform  the  part  of  a 
beayl  for  when  a  aolntion  of  thia  salt  ia  aubmitted  to  electro- 
lysis the  iron  acoompaniea  the  cyanogen  to  the  negative  electrode. 
The  iron  cannot  be  thrown  down  fiN>m  an  aqueous  solution  of  the 
aalt  by  the  addition  cf  any  alkaline  solution;  but  if  the  alkaline 
liquid  be  boiled  with  mercuric  oxide,  the  iron  ia  separated  in  the 
firm  of  hydrated  ferric  oxide. 
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When  distilled  with  dilute  nilphiiric  add,  potam  IbROcjinidff 
yields  hydrocyanic  add  (i  lOO),  bnt  when  it  is  heated  with  ordinary 
concentrated  snlphniic  add,  carbonic  oxide,  and  a  mixture 
potassic,  anunonic,  and  fenons  salphatea  acre  prodnoed  (375). 
In  this  case  the  hydrocyanic  acid  which  prohaUy  is  first  produced, 
is  conyerted  by  tibe  water  contained  in  the  snlphnric  add  intc» 
formic  add  and  ammonia,  bnt  by  contact  with  the  snlphnric  add 
t^B  fbtmic  acid  H^CO^  is  at  once  resolved  into  carbonic  oxide  and 
water.  Fotassic  ferrocyanide  is  manufactured  in  large  quantities 
for  use  in  dyeing  and  c  iilico  printing  ;  it  is  used  also  in  the  prepa- 
ration of  Prussian  blue,  as  well  a.s  in  the  processes  of  electro- 
plating and  electro-gilding,  and  is  tlic  source  from  which  tlie 
compounds  of  cyanogen  are  usually  jireparcd. 

(11 15)  Other  Ferrocyanidi's. — An  aqueous  solution  of  potassic 
ferrocyanide  produces  characteristic  precipitates  with  many  of  the 
metallic  salts,  so  that  it  is  extensively  employed  as  a  qualitxitive 
test.  The  precipitate  generally  consists  of  a  double  ferrocyanide 
of  potassium  and  the  metal  by  wliich  the  precipitate  is  oceasioned- 
The  insoluble  ferrocyanidcs  cannot  be  precipitated  in  alkaline 
solutions  ;  the  liquid  should  therefore  in  all  cases  be  slightly  acid. 
Many  of  the  precipitates  are  white,  such  as  those  of  zinc,  cadmium, 
nickel^  manganese,  tin,  lead,  bismuth,  antimony,  silver,  and  mer- 
cury ;  with  the  exception  of  the  compounds  of  cadmium  and  man- 
ganese, these  are  insoluble  in  dilute  hydrochloric  add.  The  most 
characteristic  predpitates  occasioned  by  potassic  fcrroeyanide  arft 
the  following : — with  the  salts  of  cobalt  a  yellowish-green ;  with 
ferrous  salts  a  white,  becoming  blae ;  with  feiric  salts  a  deep 
bine;  and  with  cnpric  salts  a  chocolate-brown;  with  salts  of 
nranium  it  also  gives  a  brown  predpitate. 

The  following  is  a  list  of  some  bf  the  ferrocyanides  in  which 
the  whole  or  a  part  of  the  potasshun  of  potassic  fenocyanide  ia 
diqdaced  by  another  metal: 

PotAssic  ferrocyanide   K^FeCy,. 

Tripotasaic  sodic  ferrocyanide   .    ,    .  KjNaP'eCyg. 

IXpotMPic  disodic  ferrocyanide  .    •    .  K,iSa,FeCy,. 

Boteino  tniodie  femqrsmde   •   •   •  KNt^FeCy^ 

Sodic  ferrocyanide  Na,FeCy,. 

Dipotassic  baric  ferrooyailide    •    •    •  K^lJaFtCy^ 

Dibaric  ferrocyanide   lia  FeCv".. 

DipotaKsic  cupric  ferrocyanide  .    .    .  KjCuFeCy,. 

Dipotuno  trieaprie  ferroeyuiide   .   .  ^Cn,(FeC7j^ 

(i  1 1 6)  H YDBOFKBHOCTANic  AciD,  H^FeCy,. — ^This  oompoand  wa«  originally 
obtained  by  Porrett,  who  decomposed  potassic  ferrocyanide  by  means  of  tartaric 
«aid«   A  better  flan  oooaiftts  in  preparing  a  ooucentrated  a/^ueous  aoiutiou  of  tha 
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fapwyaakle,  ViiBfig  it  to  apd  ^  Mr,  and  tim  alloffriiig  U  to  eool  in  a  rmmH 

provided  with  a  good  cork  to  exclude  air.    Ether  is  now  added,  and  an  ezoeaa  of 

hydrochloric  acid,  which  has  also  been  deprived  of  air  by  boiling.    On  IgUating 
the  mixture  white  scales  of  hydroferrocyanic  acid  are  deposited ; 

K.FeCy,  +  4HCI  =  H^FeCy,  +  4KCI. 

These  rrvstals  must  be  washed  with  a  mixture  of  alct^hol  and  etlier,  and 
dried  in  vacuo  over  sulphuric  acid,  Liebig  adds  by  de>j;^rees  to  a  cold  satu- 
rated solution  of  potassic  ferrocyanide  an  equal  volume  of  hydrochloric  acid ;  the 
vhile  pnoipitato  af  bjdioferrocyania  aeid  ihoa  abtained  ahonld  ba  waahed  witb 
bydfodilorie  mad,  dried  m  vacuo  vpoo  a  tile,  and  caused  to  crystallize  from  its 
adation  in  alcohol  by  the  adfition  of  etbar:  if  air  ba  enlndad  ifc  ia  tban  obtainad 
ia  large  colourless  crysitaU. 

When  hydroferrocyanic  acid  is  exposed  to  the  air,  it  absorbs  oxygen  and 
becomes  bloa ;  its  solution,  when  boiled,  evolves  hydrocyanic  acid,  aud  deposits  a 
wbite  inaolvbla  mattar  oontamiog  botb  inm  and  cyanogen.  By  exposnra  ta  tba 
air  this  white  substaiiea  abiorba  osygan*  baooaung  oonvarted  inta  tba  aiHoaUad 
baaic  Phuatan  Una. 

(11 17)  PoTAMie  FsBBicTAinDB,  OT  Rtd  pntmatt  nf  ftdtuk; 
K,Fe,Cyjj,  or  Kj(Cf(iy)' "5^=658  6. — ^When  a  current  of  chloriiie 
gas  is  paned  tlurough  a  dilute  tohitioii  of  potaasic  ferrocyanide 
tbe  liquid  quickly  changes  colour  and  beoomea  of  a  deep  red^  the 
jeaction  which  occurs  being  the  following : 

aK^FeCyg  +  Cl^  =  K,Fe,Cy,,+2Ka 

If  the  current  of  the  gas  be  arrested,  as  soon  as  the  liquid 
eeaaea  to  give  a  blue  precipitate  with  ferric  salts^  the  solution 
on  eraporation  yielda  cfysteli  of  potasdc  ferricjanide.  The 
ferricyanide  may  be  obtained  by  a  second  ciystallization  in 
transparent^  anhydrous^  right  rhombic  prisms  of  abeanUAil  ruby- 
ved  oolonr;  and  if  the  operation  be  performed  on  a  large  scale 
these  crystals  often  attain  a  large  siae :  they  are  soluble  in  about 
2*5  parts  of  cold  water  and  in  1*3  parts  of  boiling  water,  but  are 
insoluble  in  alcohol :  unlike  the  ferrocyanide,  it  is  Tery  poisonous. 
If  the  action  of  the  chlorine  be  too  long  continued,  the  red  salt 
ia  in  ita  turn  partially  decomposed,  and  a  green  compound  ia 
temed  which  interferes  with  the  crystallication  of  the  red  salt. 
Tfala  iVasfUM  gretn,  as  the  compound  is  termed,  according  to  the 
analysis  of  Pelouze,  may  be  represented  by  the  formula 
FeCy^jFcjCy^OHj^  or  it  is  the  magnetic  cyanide  corresponding 
to  the  magnetic  o.xide  of  iron,  FeO.Fe.^O^;  it  is  by  no  means 
certain,  however,  tliat  it  really  haa  this  conn)ositioii.  Potassic 
ferricyanide  is  prepared  on  the  large  scale  for  the  use  of  the  ealieo- 
printer,  generally  by  deeoraposing  the  solid  yellow  salt  by 
exposing  it  in  powder  to  the  action  of  a  current  of  chlorine.  It 
is  also  formed  by  the  action  of  most  oxidizing  agents  on  potassic 
ferrocyanide,  and  wlieu  a  solution  of  the  latter  salt  is  decomposed 
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hy  the  Toltaie  enmnt  in  a  dUplinigm  cell^  potanic  Ibrricjaiude 
makes  its  appearance  in  the  solution  at  the  positive  electrode. 

It  has  been  suggested  that  the  iion  in  ^e  ferrocyanides  is  in 
the  ferrous  state^  whilst  in  the  ferricyanides  it  is  in  the  ferric 
state:  according  to  this  supposition,  therefore,  the  action  of 
chlorine  on  potassic  ferrocyanide  not  only  removes  potassium,  but  at 
the  same  time  changes  the  iron  from  the  ferrous  to  the  ferric  state : 

aK^Fe'Cy^j  +  CI,  =  K,(Fe^^Cy„  +  aKCL 

A  solution  of  potassic  ferricyanide  when  mixed  with  an  ex-' 
oess  of  potassic  hydrate  furnishes  a  liquid  possessed  of  oonsider- 
.able  oxidising  power ;  thusj  it  converts  the  hydrated  protoxides 
of  manganese,  lead^  and  tin  into  peroxides  of  these  metals,  whilst 
the  ferricyanide  passes  iuto  the  condition  of  ferrocyanide  of 
potassium: 

K.Fe.Cvj,  +  Mn(0H)2  +  2KH0=  iK.FeCvc  +  MnO(OH)-  +  OH3. 

The  same  solution  is  employed  by  the  calico-printer  for  the  pur- 
pose of  discharging  the  blue  colour  of  indigo  from  calico  (Mercer). 
The  red  prussiate  bums  with  scintillation  when  introduced  into 
the  ilame  of  a  candle.  Potassic  ferricyanide  produces  insoluble 
compounds  when  mixed  with  solutions  of  many  of  the  metallic 
salts,  and  as  the  colours  of  these  precipitates  are  often  cha- 
racteristic, this  salt  is  frequently  employed  in  the  laboratory  as  a 
qualitative  test  for  metals  in  neutral  or  feebly  acid  solutions.  It 
gives  no  precipitate  with  the  ferric  salts,  but  a  splendid  blue 
(Tumhnll's  blue)  when  mixed  with  those  of  the  ferrous  sslta ; 
with  salts  of  sine  it  yields  an  orange  predpitate,  with  those  of 
cadmium  a  yellow,  with  nickel  a  yellowish-green,  with  cobalt  a 
dark  reddish-brown,  with  copper  a  yellowish-green,  with  man- 
ganous  salts  a  brown,  with  stannous  salts  a  white,  with  silver 
salts  an  orange,  and  with  mercurous  salts  a  brownish-red.  These 
precipitates,  with  the  exception  of  those  with  zmc  and  tin>  are 
insoluble  in  dilute  hydrochloric  add.  Plumbic  ferziq^uiide 
separates  in  dark  reddish-brown  crystals  on  mixing  concentrated 
solutions  of  plumbic  nitrate  and  potassic  ferricyanide. 

The  following  tabic  exhibits  the  composition  of  a  few  fenri- 
(granides : 

Potassic  ferricyanide  E,Fe,Cy^ 

Dipotsidc  tetraMdio  JM^sm        .   .  KNa,Fe,Cy„ 


*  Beindd  obtained  this  salt  on  allowing  a  folotion  containing  potMsis  fini* 
igpsaicU  and  todio  niteats  (0  a^itsUiia  {JoMm.  jn*.  Ckem^  fliL  43). 
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Sodie  fermjund  Na,Fe,Cj^ 

IMpotMHC  dibm  ferrkpaid* .   .   .   .  X^^efiy^ 

(l  1 18)  Hjjfdrq/erricyanic  acid,  H,Fe,Cyj^ — This  oompound  may  be  obtained 
lij  daeomponing  plnmbio  feiriqfMud«  ratpeiided  n  water  with  aa  equivalent 
qnantiij  of  dilute  sulphario  acid.  On  filtering  from  tlia  platnbic  xulphate  and 
eraporatinp,  the  acid  forms  reddish-brown  deliquescent  crystals.  Schafarik,  by 
mixinef  a  cold  saturated  aqueous  solution  of  potassic  ferriryanide  with  two  or  three 
times  its  bulk  of  fuming  hydrochloric  acid,  obuiued  browuish-green  thin 
iMrilfiaiit  nacdlfli,  wbieb  he  believed  to  be  hydroCnrriojaikio  acid;  aooording 
to  Beindd,  howavtr,  thej  eaa  never  he  obtained  free  from  potaeriom. 

(1119)  Prussian  Blue. — The  nsime  Prussian  ^/i^e  is  applied 
to  a  number  of  blue  substances,  some  of  which  are  largely  em- 
ployed in  the  arts  as  pit^ments :  they  are  prepared  either  by  pre- 
cipitating a  solution  of  potassic  ferrocyanide  with  a  ferric  salt  or 
a  mixture  of  ferric  and  ferrous  salts,  by  the  addition  of  a  ferrous 
salt  to  a  solution  of  potassic  fenicyanidej  or  hj  oudkiog  ferrous 
dipotassic  ferrocyauide. 

Whenever  a  solution  of  potassic  fevrocjanide  is  added  to  one  of 
a  soluble  ferric  salt  a  beautiful  blue  precipitate  is  produced,  which 
always  contains  potassium  even,  if  a  large  excess  of  the  feriic  salt 
has  been  employed ;  if,  however,  a  solution  of  hydrofenocyanic 
acid  be  mixed  with  an  excess  of  a  ferric  salt,  a  blue  precipitate 
•  »  obtained  free  from  potassium^  which  has  the  composition 
FB^y,^i80Hg  (WilUamion). 

(1 120)  Fbbbous  Dipotassic  FBEBOCTA!nDi.----The  addition  of 
a  solution  of  a  femras  salt  to  one  of  potassic  ferrocyanide  pro- 
dnoea  a  white  precipitate  of  fbrrons  dipotassie  ferrocyanide  if 
access  of  air  be  entirely  prevented,  otherwise  it  has  a  greenish 
tint ;  this  appears  to  be  identical  wiUi  Everitt's  white  salt  (p.  93) 
being  formed  by  the  displacement  of  half  the  potassium  in  the 
potassic  ferrocyanide  by  the  eqniTalent  quantity  of  iron,  thus : 
K^FeCy^+FB"CI,=K,Fe"(FeCy,)  +  aKCL  When  treated  with 
a  solution  of  potassic  hydrate  it  is  le-oouTerted  into  potassie 
fianocyanide  with  separation  of  ferrous  hydrate,  which  rapidly 
undergoes  oxidation:  K^Fe'^FeCyg)  +  2KOH  =  K^FeCy,  +  Fe(OH)2. 
"When  potassic  ferrous  ferrocyanide  is  exposed  to  the  air, 
it  becomes  oxidized,  and  turns  blue,  forming  a  <rompound 
termed  Basic  Prussian  blue ;  a  strong  acid  removes  ferric  oxide 
from  this  basic  Prussian  blue,  leaving,  it  is  said,  Prussian 
blue. 

(1121)  DiPERRous  Dipotassic  Ferricyanide. — On  mixing 
solutions  containing  one  molecule  of  lerric  chlf)ri(le  and  two 
molecules  of  potassic  ferrocyanide,  and  then  adding  alcohol,  a 
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ma^ifioent  mlet-blne  precipitate  is  obtainecL    Thk,  tlie  ao- 
called  soMe  Prunian  bbie,  idthongli  inaoluble  ia  aaline  aolatioiu« 
ia  readily  aoluUe  in  pnre  water.    After  being  dried  at  iio^  . 
(230^  F.),  however,  it  becomea  inaolable.    D\fartm$  dipdoitie 

ferricyanide,  or  aoluble  Prussian  blue,  has  the  compoeitton 

X2Fc5"(Fe2Cy^2^,80Hj,  (Rcindel,  Journ.  pr,  Chem.,  ciL  38,  255), 
and  is  formed  iii  the  following  mauuer : 

aK,F«"C3r.  +  {^e^f^  «  K,'Fe,'\¥e,)^Cy,,  +  4KCL 

The  ferrocjanide  having  been  converted  into  a  ferricyanide  by 
the  oxidizing  action  of  the  ferric  chloride. 

Williamson  finds  that  Everitt's  white  salt  ftrrong  dipotatsus 
ferrocymUk,  KJFe"{FeCyg),  when  treated  with  oxidizing  agenta 
is  dccompoaed,  and  a  blue  salt  is  formed,  which  ia  identical  with 
the  diferrous  dipotasflic  ferricyanide  above  mentioned.  This  ia 
beat  effected  by  boiling  the  white  precipitate  with  nitric  acid^ 
diluted  with  twenty  parts  of  water ;  as  the  liquid  approachea  the 
boiling  point  a  copiona  erolution  of  nitric  oxide  oocora^  two 
molecules  of  the  white  aalt  loae  two  atoma  of  potassium^  and 
Jtmmt  d^tame  ferricyanide  ia  formed.  Care  ia  required  to  pre- 
vent the  action  of  the  acid  from  proceeding  too  &r,  otherwise 
Pelouse'a  Pruaaian  green  ia  apt  to  be  formed.  Diferrous  di- 
potaaaic  ferricyanide,  when  treated  with  a  aolution  of  potaasie 
ferrocyanide,  ia  reconverted  into  fenroua  dipotaaaic  ferrocyanide^ 
and  pure  potasaic  ferricyanide  ia  obtained  in  aolution,  provided 
the  blue  ferricyanide  has  been  employed  in  slight  excess : 

KjFe'VFe^'^Cy^  +  aKJeCy,  «  K,(Fe^^Cyi,  +  aK,Pe"IVjCy^ 

The  pak  bh»  reaidue  on  the  filter^  whidi  oonoata  of  fenroua 
dipotaaaie  fetzocyanide  mixed  with  the  exceaa  of  the  blue  aalt^  may 
be  again  converted  into  the  latter  by  treatment  with  nitric  acid^ 
and  in  tkia  way  be  used  repeatedly  for  converting  potaasie  ferro- 
cyanide  into  ferricyanide.  Similarly,  when  potassic  ferrocyanide 
is  added  to  a  solution  of  the  soluble  Prussian  blue,  tlic  white 
potassic  ferrous  ferrocyauide  is  precipitated,  whilst  potassic  ferri- 
cyanide remains  in  solution. 

According  to  lleindel,  the  addition  of  ferric  chloride  does  not 
cauj^e  a  precipitate  in  a  solution  of  the  soluble  Prussian  blue  ;  it 
must  be  observed,  however,  that  when  it  is  decomposed  by  an 
alkaline  hydrate  or  carbonate,  it  yields  potassic  ferrocyauide  and 
ierric  hydrate*    This  is  explained  by  supposing  that^  in  the  fixat 
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instance^  ferrous  hydrate  and  potassic  ferricyaiude  are  fonned, 
thus: 

K,Pe",(Pei^'»Cy„+4KH0«K,(JFe^^yi,+aFe"(0H)y 

and  that*  the  fenoos  hydrate  in  the  preaence  of  an  alkali  then 
redncea  the  ferric^nide  to  ferrocyanide : 

I^(Feg)^Cyi,+ aiV(OH),+ aKHO = 2K,Fe"Cy,  +  (FeJ^(OH),. 

(1122)  Triterrous  Ferrictanidb. — The  precipitate  of  tri- 
ferroos  ferricyanide,  Fej"(Fej)^Cy,^,  obtained  on  adding  a  ferrona 
aalt  to  a  solution  of  potassic  ferricyanide,  conatitatea  a  highly 
▼aloed  and  hiiliiant  variety  of  FAiaaian  \Aue,  eonmierciaUy  known 
aa  TSam6ulF$  blue.  Thia  pieeipitate,  howerer,  tmleaa  digested  for 
some  time  with  an  excess  of  a  femms  salt^  alwaya  letaina  potaa- 
mum,  probably  present  as  difeanons  dipotaaaic  forrii^anide^ 
KgFe/'(Fe|)^'Cy,y  Triferrons  ferrieyanide  is  also  obtained  by 
precipitating  a  solution  of  the  *'  soluble  Pmssian  Uoe*'  with  a 
ferrous  salt  (Beindel,  loe.  eU,) : 

KJ>/'(Fc,)^%i3  +  Fc-Cl,=Fe3''(FeJ'*Cyi,4-  2KCI. 

Turnbull's  blue  may  be  distinguished  from  the  other  Prussian 
blnea  by  the  action  of  a  solution  of  potassic  hydrate^  which 
decomposes  it,  yielding  potassic  ferrocyanide  and  hydrated 
magnetic  oxide  of  iron  or  fenroso-ferric  oxide,  whilst  the  other 
bines  when  similarly  treated  give  potassic  ferrocyanide  and  finrric 
oxide ;  the  formation  of  the  hydrated  feizoso-fenic  aside  may  be 
explained  by  the  following  equations : 

Pe3"(Fe,)^Cy,,  +  6KHO  =  K,(Fe,)-Cy,3  +  3Pe"(0H),; 
K,(Fe,)^Cyi3  +  2Fe(0H),  +  2KIIO  =  2K,lV'Cy,  +  Fe,(OII),; 
Fe(()H),  +  Feg(0H)4  =  OH,  +  Fe,0(OH),  or  Fe^0^30H,. 

Commercial  JPnutian  hlue. — When  large  quantities  of  Pnusian  blue  are 
required,  Liebig  recommends  that  ii  part*!  of  crystallized  ferrous  sulphate  be 
dissolved  in  water,  and  divided  into  two  etjual  portions ;  one  part  is  then 
to  be  mixed  with  2  paru  of  iiydrochloric  acid,  and  cliloride  of  lime  graduailj 
added  onti]  the  whole  of  the  fiMrrone  eelt  is  eonverted  uto  a  ferrie  lalt;  it  is  then 
to  be  mixed  with  the  other  portion  of  the  solution,  and  a  solution  of  10  petti  of 
potassic;  ferrocyanide  is  to  bo  added.  Prussian  blue,  however,  is  also  mannfiu}- 
tnred  on  the  lar;,'e  scale  by  oxidizinj^  the  precipitate  of  ferrous  dipotassic  ferro- 
cyanide produced  by  adding  i'errous  sulphate  to  a  solution  of  potassic  ferrocyanide. 
Commercial  Proasian  blue  is  generally  oontaminated  with  alumina,  and  some- 
times with  chalk,  planter  ct  Paris,  and  etareh ;  it  is  met  with  m  ouhieal  or  irre- 
gnhr  maeees  of  a  dark  Une  eolour,  which  when  pteebed  with  a  hard  body, 
acquire  a  coppery  lustre  resembUn;^  that  of  indi^. 

From  the  manner  in  which  it  is  prepared  it  is  evident  that  it  must  be  a  mix- 
ture, containing  variable  pro^)ortions  of  the  violet-blue  compound,  diferrous 
dipotaesio  ftRicfTtaade,  £^e'',(Fe,Cy  J,  and  of  ToraboU'i  Uae  or  tribnoos  for- 


110 


MITROP&USSIDXS. 


riqranide,  Fe",(Fe,CjJ.    It  »  a  noteworthy  fact,  that  ihm  !■  *  «r*  I 

tain  nktiim  between  tJie  tint  of  the  blue  prepared  by  the  ordinary  methods  and 

the  amount  of  potassiuiD  in  it.     This  can  be  easily  understood  when  it  it 
remembered  that  the  potassium  is  present  as  diferrous  dipota?Jsic  ferrieyanide, 
which  has  a  violet-blue  colour,  whilst  the  triferrous  ferrieyanide  is  a  pure  bright  ; 
bine  i  so  that  the  tint  of  the  product  inclines  more  or  less  to  violet  according  to  ' 
tiw  rdatire  proportions  of  tha  two  oompounda  eontuned  m  the  mixtorek 

Praasian  blue  is  insoluble  in  water  and  in  weak  acids,  and  has  ndther  tattt  ! 
nor  smelL    After  it  has  been  washed  with  dilute  hydrochloric  acid,  it  may,  how*  i 
ever,  be  rendered  soluble  by  triturating  it  with  one-aixth  of  its  weight  of  crystal-  , 
lized  oxalic  acid.    When  this  solution  is  diluted  with  forty  or  filly  parts  of  water, 
it  forms  a  blue  liquid,  whkk  is  nsedaa  a  writing  tnlt.  Ptussian  blue  is  also  ttolnbla 
in  a  cold  solution  oi  ammonium  tartrate,  forming  a  Tiolet-ooloaTed  liquid.  Cmi* 
centrated  sulphuric  acid  produces  a  white  pasty  mass  when  tritorated  with 
Prussian  blue,  but  on  tlie  addition  of  water  sulphuric  acid  is  separated,  and  the 
blue  pit,'nu'nt  is  reproduced.     Prussian  blue  is  decomposed  when  heated  with 
concentrated  sulphuric,  uitric,  or  hydrochloric  acid ;  it  is  also  decomposed  by 
tin  aoliott  of  ehlorina.   When  boiled  with  nMreurie  ozida^  mereiine  ejanida  i 
pradneed  and  ferrie  oxide  ia  eeparated. 

Prossian  bloa  amtains  water,  whiob  cannot  W  expelled  by  heat  withoot 
decomposing  the  compound.  If  heated  in  the  open  air  it  becomes  kindled  on 
the  approach  of  an  ignited  body,  and  burns  like  tinder,  leaving  a  residue 
of  ferric  oxide. 

(1123)  NiTBOPRVBBiDBs. — The  nitropnuddes  were  originaUy 
procnied  hy  the  foliowiog  process,  recommeDded  \>y  Playfair, 
hj  whom  these  salts  wero  discoyered  (FkiL  JVam.,  1849^  P*  481) : 

Common  nitric  acid  is  to  be  diluted  with  an  equal  bulk  of  water,  and  when 
cold,  powdered  potassic  ferrocyauido  is  to  be  added  in  the  proportion  of  2  mole- 
cules  or  422  parte  of  the  fcnoejanide  to  5  molecnles  or  315  parts  of  the  acid, 
HNO^.  The  mixture  gradually  assumes  a  brown  colour,  cyanogen  and  hydro- 
cyanic acid  are  liberated,  whilst  a  htUk  effervescence  occurs,  owing  to  the  eaoape 
of  carbonic  anhydride  and  nitrogen,  and  the  fsalt  is  disMiK  ed,  I'ormiiii,'  a  mixture 
of  pota-Hsic  ferricyaniile,  nitroprusside,  and  nitrate:  the  solution  ^houlJ  now  be 
heated  by  means  of  a  water-bath,  until  gas  ceases  to  be  evolved,  aud  the  liquid, 
instead  of  giving  a  blue  precipitate  with  a  ferrous  salt,  produces  a  dark  green  or 
slate* coloured  precipitate.  It  must  then  be  allowed  to  cool,  by  which  means  a 
Isiga  quantity  of  potassic  nitrate,  mixed  with  a  small  proportion  of  oxaraide,  will 
be  separated.  The  8trong]y*ooloured  mother-liquor  slumld  next  be  neutralized 
with  potassic  or  sodic  carbonate,  which  causes  a  greenisii-luown  precip'tate,  and 
the  liquid,  after  filtration,  evaporated  and  allowed  to  crystiiiiize.  Sudic  nitro- 
pmwide  crystallises  more  nadilj  than  the  potaasie  aalt  which,  although  anhy- 
drona,  ia  aomcwhat  deUquaacant 

Uadow  (Joum.  Chem.  Soc,  1866,  341)  greatly  improved  this  1 
process  by  mixing  a  solution  of  potassic  ferncyjanidc  with  one  of  ' 
mercuric  chloride,  acidulating  with  acetic  acid,  and  then  adding  ; 
a  definite  quantity  of  sodic  nitrite.    According  to  Staedeler, 
however  {Zeits.  Chem,,  1869,  559),  the  presence  of  mercnric 
chloride  is  not  necessary,  for  he  finds  that  the  nitropmsside  is 
podaoed  e?en  more  readily  when  a  solution  of  potassic  ferri- 
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cjanide  and  potasric  nitrite  is  acidulated  with  a  dilate  mineial 
add,  the  reaction  being : 

£,Fe,Cy^  +  aKKO,  +  4KCI  =  K,Fe,(NO),Cy„  +  4KCI  +  2OH,  +  Cy^ 

(11 24)  Com^osiiion  of  the  Niii'opmuidi9t» — Hadow  assigDed  to  the«>e  com- 
pounds  the  formnkt  M^Fe,N,0,Cy,„.  w  he  foand  that  oitroos  anhydride.  N,0^ 
eouTerted  hydrofemqreiuo  acid  into  hydronitroprtMio  and,  whilst  nitric  oxide  did 
not ;  the  nore  recent  reaearcbes  of  Staedeler,  however,  tend  to  prove  that  their 
formula  is  that  prqpoaed  hj  Geihard(»  or  rather  double  that  fbrmoU— namdj, 
^I,Fe_f\0),Cy^.. 

(1125)  M^droniiropruuie  acid  ;  H^Fe,(NO),Cyj,. — ^Thw  acid  is  formed  whea 
the  vi^oor  of  nitrons  anhydride  is  paned  into  an  aqoeoos  solution  of  hjrdio* 
tei^janio  Mid,  cjanogsn  being  efolved: 

H,Fe,Cj^  +  2NO.OH  =  H,Fe,(NO),Cy,,  +  Cy,  +  2OH,. 

An  aqueous  solution  of  the  acid  may  be  prepared  by  decompotiing  argentic  nitro- 
pmsaide  with  dilute  hydnK-hloric  acid.  The  solutioa  yields  dark  red  deliquescent 
cryatala  of  the  formula,  H^Ft'j(NO),Cy,j,  2OII,,  by  evapuration  in  vacw. 

(1126)  89die  Niiropruuidei  Na/e,(NO),Cy,,.  4OH,.— This  salt  oiTstal. 
liies  iu  fine  priams  of  a  ruby-red  colour,  which  rt<]uire  about  2*5  parts  of  oold 
water  for  t«olution.  Its  solution  is  decomposed  by  exposure  to  tiio  sun's  raya, 
Prussian  blue  being  deposited,  while  nitric  oxide  escapes.  Baric  nitrupruuidef 
Ba^Fe,(NO)jCyj^  60Ug,  crystallizes  in  tine  octahtnlra  of  a  dark  red  colour. 

The  nitfopnnsidee  give  a  pale  green  precipiute  with  salts  of  copper,  and  a 
fleah*eoloared  predpitate  with  those  of  silver.    With  salts  of  xino  a  salmon- 
coloured  precipitate  is  produced  ;  with  salt**  of  nickel,  a  dirty  white  ;  with  salts  of 
cobalt,  a  flesh-coloured  precipitate  ;  and  with  ferrous  salts,  a  salmon-coloured  pre- 
cipitate is  formed.    The  ferric  salts,  and  the  salts  of  lead,  of  mercury,  and  of  tin, 
give  no  precipitates  with  the  nitroprussides.    Chlorine  is  without  effect  upon 
solutions  of  the  nitroprosMdes;  bat  thej  are  decomposed  when  boiled  with  the 
alkalies,  part  of  the  iron  hmng  separated  as  a  crystalline  hydrated  ferric  oxide, 
while  the  solution  becomes  orange-coloured,  and  ii*  loimd  to  contain  a  nitrite 
and  a  ferrocyanidc.    They  are  also  decomposed  by  boiling  sulphuric  acid.  If 
their  solutions  be  boiled  with  mercuric  oxide,  nitric  oxide  is  evolved,  and  mer- 
curic cyanide  ht  formed.    Snlphurdted  hydrogen  also  deoompoees  them.  The 
most  ddieate  and  eharaeteriatie  test  for  the  nitn^pmseides  is  (he  prodoetion  of  a 
augiufioMit  purple  colour  when  mixed  with  solutions  of  the  alkaline  monosnl- 
phides,  such  as  K^S  or  KHS.    Tliis  coloration  is  very  intense,  and  may  ho 
employed  to  indicate  very  minute  traces  either  of  a  soluble  sulphide  or  of  a  nitro- 
prusside.    The  colour,  however,  speedily  disappears  if  any  of  the  polysulphides 
are  prwont   It  appears  to  be  due  to  the  formation  of  »  double  ealt  of  the  nitio- 
pnuside  with  the  sulphide  of  the  alkali>metal.   B/  boiling  the  liqnid,  nitrasnl* 
pluds  of  iron  and  of  the  alkali- m^tal  is  obtained. 

(11 27)  C0BALT0CTAWID«8  AND  CoBALTICTANIDES. — When  po- 

tassic  cyanide  is  added  to  a  salt  of  cobalt,  it  gives  a  reddish- 
brown  precipitate,  CoCVg,  which  is  soluble  iu  au  excess  of  the 
prccipitaut.  The  double  cyanide  of  cobalt  and  potassium, 
potas.sic  codallocyanidc,  4KCy,CoCyo  or  K^CoC^y^,  thus  formed 
may  be  precipitated  in  the  crystalline  state  l)y  addinfj  alcohol  to 
the  Boiution.    It  is  decomj^oscid  ou  the  addition  of  h^drockLoric 
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acid^  cobaltons  cyanide  being  precipitated  ;  but  if  it  be  heated  or 
eiposed  to  the  air  potassic  cobalticyanide  is  produced^  whieh 
OQrrespondB  in  compoeition  to  potaasic  fenicyanide. 

PoTAWio  Cobalticyanide  ;  K,Co,Cy„. — This  Halt,  which  was  diioovered  hj 
Gmelin,  cryRtallizei^  in  yellowiflh  anhydrous  flattened  prisms,  isomorphoiu  with 
those  of  pota^sic  ferricyanide ;  it  is  Bparini:1y  solubli-  in  water.  It  may  be 
obtained  either  by  dissolving  cobaltous  cyanide  in  au  excess  of  potassic  cyanide, 
and  exposing  it  to  the  air,  or  by  ditisolving  hydrated  cobaltoos  oxide  by  the  aid 
of  a  gmitle  hart  in  a  wrfatwD  of  potaario*  hydrate^  npeiwtaxated  wiUi  bydio- 
^jiDMaaidi  m  both  eaaea  o^gen  it  abaoiM : 

40oC|y,  •¥  laKCy  +  4H€ly  -I-  0,  »  2Kfiofig^  <¥  20E^ 

If  the  aolQiioDs  be  boQed  in  doted  laneb  the  eaou  oompoQaA  it  foried,  b«fc 
bydrqgeD  is  evdved : 

aCoCy^  -¥  8KQy      OH.  -  Kfiofij^  +  aKOH  -t- 

Tbe  eonreaponding  salt  of  todimm,  Na,Co,Cy,,,  40H^  dyatalllna  in  kngp 

iMBtptrai^  eolourlcHs  needlea;  that  of  hariunt,  Ba,Co,Cy„,  3oOH.,,  iu  offloroe- 
cent  ^iams.  The  hitter  may  bo  obtained  by  treating  a  mixtnre  of  cobaltous 
sulphate  and  baric  carbonate  with  hydrocyanie  acid.  C)lher  soluble  cobal- 
ticyaoidea  may  be  conveniently  prepared  from  the  baric  salt  by  double  decompoid- 
tion  with  tiie  reipectife  eolplMtei.  Solutiona  of  oobalticyanidee  oooamon  piec^ 
tatea  with  a  krge  nomber  of  metallic  salts.  Cobalticyanide  of  zinc  ia  white ;  that 
of  niokel  is  gelatinous,  and  of  a  pale  blue ;  that  of  cobalt  is  of  a  pale  red;  that 
of  copper  of  a  pale  blue  ;  the  ferron.H,  mnn«:anous,  and  stannous,  as  well  as  mer- 
eurous  and  argentic  cobalticyanides,  are  white ;  salts  of  lead  give  no  precipitate 
with  the  soluble  cobalticyanides. 

HTDBOODBAvncTAiiio  AoiD ;  H,Co.Cy^,,  2OH,,  crystalUns  in  obtourleM 
needles  from  its  aqiK  nus  solution,  which  may  be  obtained  by  decomposing  eiqirie 
oobalticyanide  suspended  in  water,  by  sulpliurctted  hydrogen.  It  may  also  be  pre- 
pared by  adding  sulphuric  acid  and  then  aleoliol  to  a  concentrated  solution  of  potassic 
cobalticyanide,  filtering  from  the  precipitated  potassic  sulphate,  and  evaporating. 

(11 28)  MavoAKocTAViDit  iltD  MiiroaitiCTAiiiSBi. — PvtauiB  mamgmtO' 
eyoniifo,  K^MnCy,,  3OH,,  isomorpbona  with  tfaecorreaponding  iron  oompoimd,  ie 
prepared  by  digesting  manganous  carbonate  with  a  concentrated  eolation  of 
potassic  cyanide,  or  by  adding  potassic  cyaiiide  to  a  solution  of  manganon??  acetate, 
until  the  green  precipitate.  KCy.Mnry^.  at  first  formed,  is  re-dissolved,  and  then 
precipitating  the  munganocyaiude  with  alcohol.  It  crystallizes  in  square  platea 
of  a  dwp  Tiolefc  oolonr,  which  diaaolve  readily  in  water,  formbg  a  eohmileaa 
solution  ;  after  a  time,  bowerer,  tliis  decomposes,  depositing  the  green  oompoundt 
KCy,MnOyj.  Sodic  manganocjfomde  crystallizes  in  transparent  odahedra  of  sa 
amethyst  colour.  Pofassir  inangamryanidc,  K^Mn^Cvj,,  crystallizes  in  reddish- 
browu  prisms,  isomorphous  with  the  ferricyanide,  and  is  produced  when  a  eola- 
tion of  the  manganoi^anide  is  heated  or  exposed  to  the  air. 

0129)  Chbomxctakidbs.— Chromic  aaHa  yield  with  potaaeie  iTanide  a  pela 
Unish-grey  precipitate,  Cr^Cy^.  which  is  not  soluble  in  excess  of  the  potassic 
cyanide  ;  but  if  a  mixture  of  hydrated  cbrnmic  oxiiie  with  a  solution  of  pot.assic 
hydrate  and  an  excess  of  bydroryanie  acid,  be  exposed  to  the  air,  the  liquid 
acquires  a  reddish*brown  colour,  and  a  potassic  chrumicyanide  is  formed  (lieck- 
aoann),  oomepondiag  to  the  ferrieyanidea  and  eobalUoyanidee.  Tbeee  aalta  an 
of  email  importance,  and  baTC  been  but  little  examined.  Potauie  ekromieyamide^ 
B!|,CrjCy,j,  forms  brownish-red  anhydrooa  prisms;  its  solution  precipitates  argen- 
tic nitrate,  white;  salts  of  cobalt,  blue;  and  ferrous  salts  of  a  brick-xed;  but  it 
giyes  no  precipitate  with  £enic  salts,  or  with  plumbic  nitrate. 
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(1130)  OsMiocTANiDfis  ixD  RuTHENiocTij«iDK8. — These  oompounds 
ccCTMpoad  IB  oonporitioD  wHh  tbe  ftrrociyanid«i»  •od  the  potiMio  mlto  of  til 
thffM  are  uomorpbons.  The  precipitates  thej  form  when  mixed  with  Rolts  of 
eoppar,  iron,  zinc,  and  lead,  closely  resemble  those  obtained  with  the  ferrocyanide«. 

PoiasKir  oxmioryanide,  K^Osl'y^,  3OH,,  is  easily  prepared  by  Iri'ating 
potassic  oiimatti  with  potassic  cjanide,  evaporating  to  dryness,  and  gently  ignit- 
ing. On  dinolnng  the  oaleined  maaii  in  •  small  quantity  of  hot  water  a  aolntion 
ia  oiMahwd  wludi  depoaiti  fhe  salt  in  large  eryMtals  on  eooUng.  JBjfdrootmiorj^ 
ante  add,  RfliCy^,  is  obtained  in  the  crystalline  stato  on  adding  hjdrodilorlo 
noid  to  n  eonoanftntod  tolwtifln  of  the  yHjutiiir  salt 

(1131)  PLATiirocTANiDBs.— Gmelin  ascertained  that  platmnm 
la  capable  of  entering  into  combination  with  cyanogen,  and  form- 
ing a  series  of  donble  ejanides,  which  are  amongst  the  most 

beautifnl  crystalline  substances  known;  these  compounds,  however, 
are  not  analogous  in  composition  to  the  foregoing,  as  may  be  seen 
trom  an  inspection  of  the  following  formulae  : 

Hydroplatinocyanic  add    ....  HjPtCy^. 
Potassic  platinocyanide     ....    K^jPtCj^  S^^r 

Poiuale  jdttimoeytmide  is  best  formed  by  dissolving  platinous 
chloride  in  a  solution  of  potassic  cyanide,  and  evaporating  the 
liquid  imtil  the  salt  crystallizes  out  on  cooliug : 

PtCl,  +  4KCy  =  KjPtCy^  +  aKCl. 

It  may  also  be  obtained  by  fusing  potassic  ferrocyanide  with 
spongy  platinum,  or  by  heating  a  concentrated  adution  of 
platinie  chloride  with  an  excess  of  potassic  cyanide : 

PtCl^  +  6KCy  =  K^tCy^  +  4KCI  +  C,Ny 

This  beantiftd  salt  forms  long  transparent  rhombic  prisms, 
containing  ^OU^  which  are  yellow  by  transmitted,  and  bine  by 
reflected  light ;  it  is  very  soluble  in  water,  but  more  sparingly  so 
in  alcohol  and  in  ether.  MagneHc platinocyanide,  MgPtCy^70Hjp 
it  a  beautiM  salt  which  crystallizes  in  foaetles  from  its  solution 
in  m  mixture  of  alcohol  and  ether :  these  crystals  form  square 
prisms,  which  are  of  a  rich  crimson  by  transmitted  light,  and 
green  or  blue  by  reflected  li^jht  j  they  aie  very  soluble  in  water, 
and  the  solution  is  colourless. 

The  chants  of  colour  which  this  salt  exporiences  by  change  in  its  condition 
of  hydration  are  very  remarkable.  The  ordinary  red  salt  with  7^^^i  when 
gently  wanned,  even  nnder  water,  beeeinca  yellow,  and  if  erystalliied  at  71* 
(160**  F.)  yellow  cryHtals  with  60H,  are  deposited.  At  too*  {2 1 2°  F.)  the  salt 
wtill  retains  2OH,  when  it  is  white,  and  between  150°  and  200*^  (300''  and 
400°  F.)  it  becomes  anhydrous,  and  is  then  yellow.  The8e  sinj^ular  changei* 
of  colour  may  be  strikingly  displayed  by  allowing  a  strong  solution  of  the  salt 
to  evaporate  on  a  sheet  <d  white  paper.  When  di^  a  erimsoo  surfaoe  if  obkMned, 
hot  a  dnp  of  water  apon  any  point  doifaqya  the  colonr  aft  tkat  apol  inataatlj; 
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on  drying  it  again  reappears.  When  heated,  the  red  ealt  first  becomes  jeUoer ; 
as  the  temperature  rise*  it  is  rendered  white ;  and  by  a  somewhat  stronger  heat 

it  again  becuuics  yellow.  By  breathing  on  the  paper,  the  salt  1  •  sumes  the  wat^T 
that  it  had  lost,  the  yellow  spot  beoonungsneeessively  whit^  yellow,  and  erenta' 

ally  ci  iiuson  (Uadow). 

Hydroplatixocyanic  Acid,  HgPtCy^,  crystallizes  from  its 
aqueous  solution  with  5OH2  in  deep  red  prisms  having  a  bluish 
black  fluorescence.  It  may  be  obtained  by  decomposug  the 
snercurons,  cupric,  or  argentic  salt  suspended  in  water  by  sol- 
pburetted  hydrogen^  and  eyaporating  the  solution. 

The  most  characteristic  tests  of  the  platinocyanides  are  the 
formation  of  a  beautiful  smalt-blue  precipitate  when  a  platino- 
cyanide  is  added  to  a  solution  of  mercurous  nitrate  in  excess, 
and  a  flocculcnt  blue  precipitate  with  cupric  salts:  with  argentic 
nitrate  it  yields  a  white  precipitate.  The  platinocyanides  are 
remarkable  for  their  strong  tendency  to  form  double  salts;  amongst 
others  a  very  beautiful  double  salt  of  potassium  and  magnesium, 
MgPtCy^,K2PtGy^,70H2,  may  be  obtained. 

(1132)  ri.ATiNirYANTDKs. — There  is  another  very  beautiful  scries  of  salts, 
commonly  termed  the  plulinicyauides,  which  are  produced  by  the  action  of  oxi- 
dizing agents,  sndi  as  chlorine,  bromine,  nitrio  acid,  &c.,  on  the  platinocyanides ; 
they  crystaUize  in  prisms  of  a  ooppery  lustre  when  viewed  lij  reflected  light,  bat 
they  appear  to  be  green  by  transmitted  light,  and  polarize  light  powerfully ;  their 
solutions,  however,  are  colourless.  These  salts,  when  dissolved  in  water,  produce 
a  white  precipitate  with  arLTcntic  and  mercuric  baits,  a  blue  with  the  nuTcurous 
bolUi,  and  a  greenish-blue  with  the  cupric  salts.  The  platintcyunides  have  been 
carefullj  examined  by  Hadow,  who  hsa  shown  tiiat  the  nsnaUy  received  fimnula, 
H,PtCy,,  is  erroneons,  and  that  they  are  more  oomplieated  in  strnctare.  The 
salt  formerly  known  as  potassic  platinicyanide  is  really  a  double  salt  oi  firtnaeip 
platinocyanide  and  platinichbrouyanide : 

Ktt^**«Cy„Cl^  aiOH,  «  5K.PtC!y^  K,PtCy^CI,.  aiOH^ 

Salts  exist,  moreover,  which  correspond  in  appearance  with  this,  containing  in  place 
the  two  atoms  of  chlorine,  either  Br,,  or  ^  0,,  or  SO^.  In  order  to  prepare  these 
compoonds  in  a  state  of  purity,  Hadow  {J.  C/tcin.  Sue,  xiii.  106)  mixes  the 

platinocyanidf  with  the  platinichlorocyanide,  or  one  of  the  corresponding;  com- 
pounds, in  liic  ralio  of  5  molecules  of  the  fonuer  witli  l  molecule  of  the  latter ; 
if  the  solution  be  of  a  proper  degree  of  conoentrstion  tiie  pure  salt  separates  after 
a  time. 

Potassic  platinocyanide  unites  with  iodine,  forming  pofatstc  platinuiodo- 
cyanide,  KJ'tCyJ,,  from  which,  by  treatment  with  chlorine  or  bromine,  the 
corresponding  bromo-  and  chloro-platinic}  anide  are  readily  obtained  in  a  state  of 
purity.  The  corresponding  hydrogen  compoundK  are  produced  by  decomposing 
the  baric  salts  witii  dilate  sulphuric  acid.  Hydric  platin^^omocyanide,  or 
hydroplatinibromocyanic  acid,  thus  prepared,  crystallizes  in  long  yellow  needles; 
it  is  a  strong  acid,  which  readily  dissolves  metallic  zinc,  and  forms  ziaob  platini- 
bromocyanide  ( Biomstrand,  Jbur;).  pr.  Chern.  ["21.  iii.  207). 

(1*33)  PALLAUiocYANiDES.— When  a  solution  of  a  salt  of  palladium  is 
mixed  with  one  of  mercuric  cyanide,  a  yellowish-white  precipitate  of  paliadiuiu 
cyanide  is  finrned  j  thid  precipitate  is  not  decomposed  by  acidi^  bat  may  be  dia* 
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solved  by  means  of  potatwic  cyanide,  with  which  it  forms  a  double  salt,  cryfttal- 
iiziDg  in  oolourless  rhomboidal  prisms,  K,PdCy^,  30lf,.  The  palladiocyanides 
tn  iMNDorphoin  with  the  oocreq;N>ndtng  platinocyanidet. 

(1134)  Rhodic  yamdbs  ftod  Ibidicyanidks. — Both  rhodium  and  iridium 
yield  double  cyanides  analo<^ua  to  the  ferricyaiiides,  but  pot:v<sic  rhodicyanide 
id  dccoiiiiMjM'd  by  acetic  acid,  with  separation  of  the  insoluble  rhodic  cyanide. 
This  reaction  may  be  employed  in  the  separation  of  rhodium  from  ii'idiam, 
flooe  Metio  add  does  no/k  dceompoMe  the  iridutni  mlt. 

Patauie  Mdiejfaande,  "K^rfij^^  (Clans),  forms  fear-«ded  eolonrlMS  eiysUls, 
and  is  characterized  bj  giving  a  deep  iudigo-Uoe  preoifitifts  witli  tho  etiprio 
salts,  and  »  bright  jrellow  with  the  ferrio  salts. 

It  appears  from  'the  foregoing  statements,  that  cyanogen  has 
a  strong  tendency  to  prodtfce,  with  several  of  the  metals,  electro- 
negative compounds,  ▼hicli  form  with  hydrogen  a  series  of  well- 
marked  acids  :  the  number  of  atoms  of  metal  which '  are  thus 

united  with  the  cyanogen  to  constitute  the  radicles  of  these  acids, 
varviiij'  with  the  nature  of  the  metal.  These  aeids  mav  be  divided 
into  ehi>ses,  aeeonlinj:^  to  the  number  of  hydrogen  atoms  displaec- 
al}le  by  metals  uhich  tliey  contain.  The  composition  of  the 
potassium  salts  of  the  diHureut  classes  is  exhibited  in  the  following 
table : 

.  V    .  fAuricyanide 

Acid:  monobasic  \  .  r^, 

(Auncnlorocyamde 

Platinocyanide  .  . 
Platinichlorocyanide  • 
Palladiocyanide  .  . 


Acid:  dibasic 


Acid:  tetrabasic 


Add:  hezabasic 


Ferrocyanide  . 

^Ians:anonvanide  . 

Osmioeyanide  .  , 

Kutheniocyanide  . 

Ferricyanide  •  . 
Cobalticyanide 

Manganicyanide  . 

Chromicyanide  . 

Iridicyanide  .  . 


KAu"'Cy.j. 
KAu'"CygCly 

KjPf'Cy^  3OH,. 
K,Pt»'Cy^Cly  aOHy 
K,Pd"Cy^  3OH,. 

K,Fe-Cy„  3OH3. 
K^Mu'  Cvg,  3OH3. 
K,Os"Cy„  30 H,. 
K^Ru'  cVy  30Hg. 

K.(CoJ'*Cy,3. 
K.(MnJ'»Cy„. 

K6(Cr,)^Cy,,. 

Kc(Ro^^'Cy,,. 
Chlonne   forms  with 


Rhodicyanide .    .  . 

(1135)  Chloridbs  o»  Cta.vogen  - 
cyanogen  two  polymeric  compounds,  both  of  which  are  extremely 
poisonous :  one  is  liquid,  the  other  is  solid. 

Ctamc  Chlobidb  or  Li i 'I  Chloride  of  Cyanogen,  CNCl  or  CyCl  = 
61*5. — This  compound  is  prepared  by  pas.-.ing  a  rapid  current  of  chlorine  through 
a  mixture  of  i  part  of  anhydrous  hydrocyanic  acid  with  5  parts  of  water,  cooled 
by  a  mixture  of  ice  and  halt,  until  the  liquid  turns  green  ;  the  oily  layer  which 
forow  at  the  bottom  of  the  retoit  w  earefiiUy  separated  from  Uie  water,  and 
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agitated  in  a  frtcniig  niiture  with  itnall  pwtiiNia  of  meKiurio  oxide,  to 
the  exce^ii  of  chlorine  and  hydrocyanie  add,  after  which  it  it  rectified  from  calcic 
chluride  (Gautier,  Bull.  Sue.  C/um.,  v.  403).    A  very  mobile  colourless  liquid, 
•with  an  excessively  irritatin<^  o<lour,  ig  thu»  obtained,  which  boils  at  12*6* 
(547°      i  ^'heu  cooled  to  7   1 19*4°  F.)  it  is  converted  into.a  cryataliine  maita. 

The  gaaeoot  ehlorida  of  cyanogen  obtained  bj  passing  a  cnirent  of  chlorine 
into  a  retort  containing  a  mixture  of  powdered  meieuric  cyanide  and  water  cooled 
to  o"*  {32°  F.)  by  immersion  in  ice,  and  subsequently  heating  the  solution,  is 
merely  the  vapour  of  the  liquid  chloride,  which  may  easily  Ihj  condt  iiH<-d  by  a 
suitable  refrigerating  mixture.  It  dissolves  ireely  in  alcohol  and  ether, — less 
readily  in  water. 

Ctaitubio  Chiobids  or  8eUd  Ckhride  ^  C^«^,  C,N,C1,ar  184*5.— 
The  vapour  of  tliiit  oomponvd  is  three  timca  aa  dense  as  that  of  the  liquid 
chloride.  It  may  be  prepared  by  deconspositig  concentrated  hydrocyanic  arid 
b}'  exposing  it  in  a  j^lass  vestiel  with  an  fxct'ss  ol  dry  chlorine  to  tlif  direct  rays 
of  the  («un,  or  by  passing  a  gentle  current  of  chlorine  into  a  solution  of  i  part  of 
hydrocyanic  acU  in  4  of  diy  ether.  It  ia  alio  formed  when  flgramirie  acid  ia 
diililled  with  phaq»horie  pentaehloride.  pyanurie  chloride  crystalliset  in  white 
needles ;  it  is  bnt  aparingly  soluble  in  water,  althongh  it  ia  freely  taken  op  by 
aloohol  and  ether. 

(i  136)  Hkomides  of  Cyanogen. —  Cyanic  Bromide,  CNBr  or  CyBr  =  106, 
may  be  prepared  by  distilling  a  mixture  of  bromine  and  mercuric  cyanide,  ur  by 
passing  btoninevapoiir  into  a  miztnre  of  i  partofbydrocyanieaeldwith4ofwater. 
It  is  very  volatile,  and  sublimea  readily  in  glistening  colourleta  needles.  Its  vapour, 
like  that  of  the  chloride,  \v.  very  pungent,  exciting  a  copious  flow  of  t<'ars.  When 
heated  to  130° — 140"  (266° — 284  F.)  for  six  or  eif^^ht  hours,  either  alono  or 
ditwolved  in  anhydrous  ether,  it  is  converted  into  the  polymeric  moditictation 
C,N,Br,,  corresponding  to  the  aolid  cyanorio  chloride.  Cyammrie  bromide  is 
iuwinble  in  alcohol  ind  benaene,  and  nearly  inaohible  in  ether;  it  melte  at 
.  ahore  300^  (572^  F.),  and  boils  at  a  still  higher  temperature. 

Cyanic  Iodide  or  Iodide  of  Cyanogen,  CNI  or  Cyl  =  i53,  cri>tal]iz<i«! 
in  long  colourlesR  needles,  which  are  readily  volatile.  It  may  he  preputsl  by 
gently  heating  a  mixture  of  iodine  and  mercuric  cyanide,  or  by  adding  iodine  to 
a  eonoenttated  adntioa  of  potaaiie  cyanide  in  equal  molecQlar  weights,  extracting 
the  oyanio  iodide  I7  agitation  with  ether,  e?aporating  the  ethereal  eolation,  and 
anbliming. 

(1137)  Cyanic  Acid  or  Hydric  Cyanate  :  HCNO  =  43. — 
Cyanic  acid  may  be  prepared  by  distilling  the  polymeric  body, 
cyuuuric  acid,  lljCgN.jOg  (1145),  i  moUcule  of  which  contains 
*  exactly  the  same  elements  as  3  molecules  of  cyanic  acid.  AVhcn 
this  compound  is  scaled  up  in  a  bent  glass  tube,  one  lind)  of  which 
is  kept  cool  whilst  heat  is  apj)lied  to  the  cyaniiric  acid  in  the 
other  limb,  a  limpid,  colourless  liciuid  distils  over  and  is  con- 
densed. The  cyauuric  acid  ia  thus  wholly  converted  into  pure 
Qranic  acid. 

Cyanic  acid  has  an  extremely  pungent  odour,  and  is  very 
volatile  ;  its  vapour  attacks  the  eyes  powerfully,  and  when  liquid 
it  acts  as  a  powerful  caustic  if  dropped  upon  the  skin.  It  i% 
however,  impossible  to  preserre  this  compound,  for  in  the  course 
of  a  few  hours  it  changes  spontaoeotisly,  with  development  of  heat^ 
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into  a  wliite  ensmel-like  mam,  which  is  permanent  In  the  air  and 
insolnhle  in  water ;  to  ihis  hody  the  name  of  eyameUd  has  been 
given  I  it  has  the  same  centesimal  composition  as  cyannric  and 
cjanie  acids,  with  which  it  is  polymeric 

Cyamelid  tnaj  also  be  obtained  bj  tritaratiog  potasaio  oyanato  with  crystal* 
Used  oxalio  or  ttfterie  aoid,  and  waahing  oat  the  8(diiblo  aalt  of  polaanam.  It 

may  be  reconverted  bj  beat  into  cyanio  aoid ;  if  boiled  with  a  Holutum  potasMic 
hydrate  it  gradually  forms  potussic  cyanurate ;  sulphuric  acid  decompoaea  itwiUl 
evolution  of  carbonic  anhydride,  whilst  ammonic  sulphate  in  produced. 

A  solution  of  cyanic  acid  in  water  quickly  decomposes  into 
ammonic  carbonate  and  nrea,  CONgU^ : 

HCNO  +  Ollg  =  CO,  +  NH3;  and  HCNO  +  NH3  ==  CONjH^. 

(1138)  PoTissio  Ctanatb,  KCNOssSi'i. — ^If  cyanogen  gaa 
be  passed  into  an  alkaline  solution^  a  change  ensues  somewhat 
analcgODs  to  that  which  occurs  under  similar  circumstances  with 
chlorine,  cyanide  and  cyanate  of  the  metal  being  produced: 
C,Ns+2KH0sKCN+KCN0+0H,.  If  potasslc  carbonate  be 
heated  in  cyanogen  gas,  a  mixture  of  potassic  cyanide  and 
<7anate  is  formed,  whilst  carbonic  anhydride  is  set  free : 

KjCOg  -h  CgNj, = KCN  +  KCNO  +  CO^. 

Potasric  cyanate,  however,  is  more  readily  prepared  by  fusing 
potassic  cyanide  in  a  crucible,  and  adding  litharge  (plumbic  oxide) 
in  small  quantities,  until  the  6xide  ceases  to  be  decomposed: 
KCN  +  PbO  =  KCNO  +  Pb.  The  cyanate  is  easily  separated  from 
the  reduced  lead  and  the  excess  of  plumbic  oxide^  which,  from 
their  superior  density,  sink  through  the  melted  mass  to  the 
bottom.  The  cyanate  may  be  purified  by  solution  in  boiling 
alcohol,  from  which  it  crystallises  on  cooling  in  deliquescent 
plates.  Another,  but  less  productive,  method  of  preparing  potassic 
cyanate  consists  in  heatmg  an  intimate  mixture  of  a  parts  of 
tfaoronghly  dried  potassic  fierrocyanide  with  i  part  of  finely 
powdered  anhydrous  blade  oxide  of  manganese :  the  mixture  is 
placed  upon  a  sheet-iron  plate  and  heated  to  doll  redness,  the 
mass  being  kept  constantly  stirred.  The  oxidation  of  the  cyanide 
ia  effected  partly  at  the  expense  of  the  oxygen  in  the  oxide  of 
manganese,  partly  of  that  in  the  atmosphere.  When  the  com- 
bustion has  ceased,  potassic  cyanate  may  be  dissolved  out  of  the 
residue  with  hot  alcohol. 

Potassic  cyanate,  if  kept  dry,  may  be  preserved  without 
change ;  but  so  unstable  is  cyanic  acid,  that  on  attcmptmg  to 
prepare  it  from  potassic  cyanate  by  the  addition  of  an  excess  of 
sulphuric  or  any  other  strong  acid,  traces  of  it  only  are  obtained ; 


Digitized  by  Google 


118 


8ULPHOCTANATS8. 


["39 


a  1)nslc  effervescence  ensues — each  molecule  of  the  cvanic  acid 
assiuiilates  the  elements  of  water^  and  19  almost  entirely  resolved 
into  I  molecule  of  ammoniai,  which  remains  in  oomhination  with 
the  acid  employed  in  decomposing  the  cyanate^  and  one  of 
carbonic  anhydride,  which  escapes  with  effervescence : 

2ECNO  +  aOH,  +  aHgSO^  =  (Xllj.SO^  +  K^SO^  +  aCO,. 

Potudo  SollilMllle  Ammonle  PoUwic 

cjanatei  Mid.  lulpbito.  lolphat*. 

P0TA88IC  IsocTANATB,  KCNO. —  This  componnd,  which  is 
isomeric  with  potassic  cyanate,  is  formed  by  the  action  of  potassic 
hydrate  on  paracyanogen,  on  fusing  paracyanogen  with  potassic 
cyanide,  and  also  when  a  current  of  the  vapour  of  cyanic  chloride 
is  passed  into  a  concentrated  aqueous  solution  of  potassic  hydrate. 
Melms  finds  that  when  the  ordinary  potassic  cyanate  is  heated 
with  cyanic  iodidci  the  former  is  entirely  converted  into  the 
isocyanate,  although  the  iodide  undergoes  no  change.  Potassic 
isocyanate  crystallizes  from  alcohol  in  long  thin  needles,  veiy 
different  in  appearance  from  the  ordinary  cyanate  ;  after  its 
solution  has  been  submitted  to  tlie  long-continued  action  of  an 
alkaline  liydrate,  the  addition  of  argentic  nitrate,  after  neutraliza- 
tion ■with  nitric  acid,  produces  a  ^vhite  precipitate  of  silver 
dicyanimide,  C^NgAg  (Bannow,  Dent.  chem.  Ges.  Ber.,  iv.  253). 

Ammomc  Cyanate,  MH^CXO,  is  formed  when  the  vapour  of  cyanic  acid 
it  alloved  to  come  into  contact  with  dry junm<mia.  It  ii  a  snow-white  eiyidal* 
line  powder,  which,  on  being  bmled  with  water,  ia  converted  into  the  iratnerie 
body  wrea. 

Solutions  of  the  soluble  cyanates  giv«  white  precipitates  with  solution*"  of 
mercurous  saltti  a8  well  an  with  those  of  the  snlt^  of  lead  and  of  silver  ;  thej 
yield  no  precipitate  with  Rolution  of  mercuric  chloride,  or  with  the  solutionis  of 
•site  of  iron  or  tin.  With  eupric  nitrate  they  give  a  greenish-brown  precipitate^ 
and  with  auric  cblonde  a  brown  preapitate. 

(1139)'  SuLFHocYANATBS  or  Thioctanatbs,  RhodatuUeg. — 
When  potassic  cyanide  is  fnsed  with  sulphur,  or  even  when  a 
solution  of  the  cyanide  is  hoiled  with  flowers  of  sulphur,  the  two 
bodies  enter  into  combination,  and  potame  n^hocyanaie,  KCNS, 
is  formed;  this  compound  is  also  readily  prepared  by  heating 
to  dull  redness  in  a  covered  crucible  an  intimate  mixture  of 
3  parts  of  anhydrous  potassic  ferrocyanide^  2  of  sulphur,  and  i  of 
potassic  carbonate.  The  melted  mass  when  cold  should  be  treated 
with  boiling-water,  to  separate  the  ferrous  sulphide  formed  in  the 
operation,  and  the  filtered  liquid  evaporated  :  on  cooling,  striated 
prismatic  crystals  of  potassic  sulphocyanate  will  be  dcj)08itcd, 
which  may  be  purified  by  rccrystallizatiou  from  alcohol ;  or  the 
Bulphocyanate  may  be  obtaiued  directly  from  the  fused  mass  by 
treatment  with  alcohol. 
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PoTAssic  Si  LPHOCYANATE,  KCNS  =  97'i,  is  anhydrous,  but  very 
deliquescent,  dissolving  readily  iu  water  with  considerable  depres- 
sion of  temperature  ;  it  is  also  very  soluble  in  hot  alcohoL  It 
^ises  readily  when  heated.    It  is  not  poisonous. 

P0TA88IC  IsosuLPHOCYANATEj  KCNS,  prepared  by  acting  oa 
persulphocyanic  acid  (1142)  with'  an  alcoholic  solution  of  potassic 
hydrate,  is  a  yellow  granuhur  mass,  which  becomes  white  when 
boiled  with  alcohol.  It  is  yery  soluble  in  water,  but  almost 
insoinble  in  alcohol,  and  crystallizes  from  dilute  alcohol  in  tufts 
of  needles.  By  long  continued  boiling  of  the  aqueous  solution 
it  becomes  partly  converted  into  the  ordinary  sulphocyanate,  and 
this  change  is  immediately  effected  by  fusing  the  dry  salt.  In 
its  reactions  with  metallic  salts  it  behaves  very  differently  from 
the  8ulpho(7anate,  merely  giving  a  brown  colour  with  a  solution 
of  ferric  chloride^  which  disappears  on  adding  an  excess'  of  the 
latter.  With  argentic  nitrate  it  yields  a  pale  yellow  precipitate 
almost  insoluble  in  ammonia,  whilst  the  ordinary  sulphocyanate 
yields  a  white  precipitate  soluble  in  ammonia. 

Ihe  sulphocyanates  may  be  regarded  as  representatives  of  the 
cyanates,  in  which  the  oxygen  of  the  latter  salts  has  had  its 
place  supplied  by  sulphur,  the  decomposition  of  snlphocyanic  acid 
by  the  aid  of  heat  aud  acids  resembling  that  of  cyanic  acid 
under  similar  circumstances;  thus  with  dilute  sulphuric  acid  it 
gives  carbonic  oxysulphide,  cyanic  acid  yielding  carbonic  an- 
hydride : 

HCNS  +  H^O^  +  OH,  =  COS  -i-  NH^.HSO^. 
HCNO  +  HjSO^  +  OH,  =  CO,  +  NH^.HS04. 

Ammouic  sulphocyanate,  also,  is  converted  into  thiourea,  CSN^H^ 
when  heated,  just  as  urea,  CONJI^  is  formed  from  ammonic 
cyanate  during  the  evaporation  of  its  solution. 

The  roiyority  of  ths  tolphoeytiittkM  are  Mlnble  both  in  water  and  in  alcohol, 
and  are  diHtinguithAd  by  the  production  of  an  intense  blood-red  colour  when 
their  solutions  are  mixed  with  one  of  the  ferric  salts ;  if  the  rod  liqntd  be  then 
actdnlated  with  hxdrochloric  acid,  and  fragments  of  zinc  added,  sulphuretted 
hydrogen  is  diswngaged,  and  the  colour  disappears,  roethjlaroine  being  formed 
amongst  other  prodnets.  Feme  ralpliMyanatedoet  not  form  orystals.  Fhmbie 
i^koeyamaie  is  tparingly  soluble ;  it  is  slowly  deposited  in  brilliant  anhydrous 
crystals  when  solutions  of  plumbic  acetate  and  potassic  sulphocynnato  are  mixed. 
Bastr  plumbic  acetate  gives  a  white  precipitate.  The  sulphocyanates  also  trive  a 
white  precipitate  of  cuprous  gulphuryanaU,  CUj(CNS),,  when  added  to  a  mixture 
of  a  ferrous  salt  with  a  cnprio  salt;  with  merourons  salts  and  Wtth  the  taltl  of 
■Qm  and  of  gold,  they  prodooe  iriiite  precipitatei. 
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Amtoirio  toiFHOOTAirAra,  NH^CNSs:76.— >A  monAuMB  ^jimAilj  oC 
this  salt  is  found  in  the  hydrated  ferric  oxide  employed  in  gas  workefiv  absorbing 

the  sulphuretted  hydrogen  from  the  crude  gas,  and  also  in  the  ammonia  liquor, 
which  accounts  for  its  presence  in  commorcial  ammonic  sulphate.  It  may  be  pre- 
pared by  treating  carbonic  bisulphide  with  aqueoos  ammonia  in  dosed  ressels,  or 
with  ea  elooboUo  •olatioii  of  ammonia,  the  leeotiiiB  beings  CS,  +  4NU,= 
KH^.CNS  -I-  (NH^,S  I  alao  hf  adding  hydraefiiiio  ecid  to  amnonio  anlphide. 
It  fonns  colourless  deliquescent  plates,  whieh  melt  at  159*  (318*2^  F.)*  and  ate 
▼eiy  soluble  both  in  water  and  in  alcohol. 

Mkkci  Ric  SULPHOCYANATE,  HtjfCNS)^.  is  obtained  on  adding  a  solution  of 
potassic  sulphocyanate  to  oue  ot  mercuric  nitrate.  It  is  soluble  in  excess  of 
either  aalt,  and  erjretalliiee  from  ita  eolation  in  boiling  water  in  naoreoas 
laminae.  When  heated,  it  leadilj  decomposes  with  strong  intumescence,  so 
that  on  applying  a  light  to  one  point  of  a  small  heap  of  the  salt,  the  action 
npidly  spnadi  through  the  maM»  whieh  awella  np  to  many  timee  ita  Miginal 
bulk. 

(1140)  SuLPHOCTAiric  ACID,  HCNS.—- When  drymeronrone  sulphocyanate 
H  heated  in  a  current  of  sulphuretted  hydrogen,  mereiuone  anlphide  ia  prodnoed, 

and  a  colourless  oily  liquid  which  is  sulphocyanic  and.  This  add  boils  at  I03^ 
(2 1  5  6°  F.)  ;  when  cooled  to — 13°  (10*4^  F.),  it  solidifies  to  a  radiated  mass  of 
six-sided  prisms.  It  has  a  pungent  odour,  resembling  that  of  acetic  acid  and  a 
strong  acid  taste.  It  is  a  dangerous  poison.  In  the  concentrated  state  it  soon 
nnde^goei  daoompodtion  into  hydrooyanie  and  pertulphocj/amie  ateid  g 

3  HONS  «  HCN  +  CJS^fi^ 

Salpboeyanio  aoid  Biay  be  obtained  in  solution  by  suspending  the  eidpho- 

cyanate  of  copper,  mercury,  or  silver  in  water,  and  decomposing  it  by  means  of 
a  current  of  sulphuretted  hydrogen.  When  a  dilute  solution  is  boiled,  it 
gradually  undergoes  decomposition,  ammonia,  ciirb«)nic  bisulphide,  and  carbonic 
anhydride  betog  fbnaed ;  in  a  more  ooaoentraked  etate  it  ia  reeolfed  into  hydro* 
i^anic  and  penulphooyanio  adda;  theee  ehangee  oocar  more  qnieUy  in  the  pro* 
aenoe  of  other  add*. 

(1141)  SuT  PnocTANTC  AKHTPRiDE,  Cyantc  OT  rvanogen  sillphtile,  S(CN)j  = 
SCy,,  is  best  obtained  by  the  action  of  cyanic  iodide  on  argentic  sulphocyanate 
in  ethereal  solution  ;  it  is  also  formed  on  beating  argentic  cyanide  with  sulphur 
ohloride.  It  etystalliBee  in  eolonrleea  rhombie  luniuB,  whieh  mdt  at  65* 
(149*  F.),  hot  sublime  at  a  much  lower  temperature.  It  ia  eolulde  in  aloohol. 
ether,  and  carbonic  bisulphide,  but  is  decomposetl  by  water  with  separation  of  a 
yellow  substance;  a  solution  of  potassic  hydrate  converts  it  into  potassio 
<>yanate  and  sulphocyanate. 

(1142)  PBB8ULPHOCTAB10  Acip,  C^,S,U^ — If  •  eatmrated  aolntioB  of 
poCamie  edphoqrttMrto  he  mixed  with  8  or  zo  timee  ita  weight  of  eonoentratad 
hydrochlorio  add,  it  is  dm>mp(^d,  hydrocyanic  acid  is  evolved,  and  the 
solution  becomes  semi-solid  from  the  separation  of  the  so-caTled  persvlp/ioryanir 
acid,  in  crystalline  needles.  It  may  also  be  prepared  by  mixing  a  solution  of 
ammonic  sulphocyanate  in  its  own  weight  of  water  with  3  vols,  of  sulphuric 
aeid  of  sp.  gr.  1*34.  Persulphocyauic  acid  diaaolvee  in  420  parte  of  boiling 
water,  and  as  the  eolntion  ooola  it  ia  depodted  in  heantilhl  orange-eoikmred 
needles.  Its  solution  yields  a  yellow  precipitate  with  argentic  nitrate |  with 
potassic  hydrate  it  yields  potassic  isocyanate.    {See  Thiourea  ) 

(1143)  PKESULPHocTAyoGEN,  C,N,S,H. — Solutlous  of  sulphocyanic  acid, 
and  of  the  sulphocyanates  are  decomposed  by  nitric  acid,  and  also  hy  ehlorine  or 
hranine^  a  bright  yellow  precipitate  of  perralphocyanogen  being  prodnoetl, 
whieh  ia  inaokhle  In  water,  aleohol,  and  ether.   When  heJed  with  ooneeatwted 
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hydrochloric  acid  it  is  decomposed,  jielding  cjanuric  acid,  hydric  sulphide,  and 
hjdric  persttlphide  (Gloti,  Dmt  elnn.  Ot»,  Ser,,  iii.  343) : 

C^,S,H  +  3OH,  =  C^.O.H,  +  SH,  +  S,H^ 

(1 144)  DiCTAHic  Acid,  C^O^N^Hj.— Schmitt  states  tbat  tliis 
oomponnd,  which  as  yet  has  scarcely  been  exauimed^  is  formed  by 
the  action  of  carbonic  oxvchloride  on  urea : 

«r 

CON,H^  +  COCl,  =  C,0^,H,  +  2HCI. 

(1145)  C'yanuric  Acid,  C3O3N3H3. — This  polymoride  of  cyanic 
acid  may  be  obtained  in  various  ways.  1.  By  heating  biuret, 
CjOjXjIIg,  with  carbonic  oxychloride,  COCU,  to  150°  (302"^  F  ). 
2.  By  decomposing  cyanuric  chloride  by  prolonged  boiling  with 
water,  or  by  dissolving  it  in  hydrated  alcohol ;  in  the  latter  case 
the  liquid  becomes  hot,  hydrochloric  acid  is  fonned^  and  crystals 
of  Gyaaoiic  acid  are  slowly  deposited : 

C,N,C],  +  3OII,  =  Cfi,^,U,  +  3Ha  • 

5*  By  the  action  of.  a  cnirent  of  dry  chlorine  upon  fused  urea : 

6C0N,U^  -h  3CI,  =  aC,0,N,H,  +       +  aHCl  +  4NH^Clj 

the  aDmonic  chloride  which  is  formed  may  be  removed  by 
washing  with  cold  water,  and  the  cyanuric  arid  crystallized 
from  boiling  water.  4.  By  decomposing  urea  liydrochloride  by 
heat :  if  the  compound  formed  by  passing  dry  bydrocliluric 
acid  gas  over  powdered  urea  be  heated  to  145°  (293°  F.)  in  an 
oil  bath,  rapid  decom[iosition  orrurs,  and  ammonic  chloride  sub- 
limes;  pure  cyanuric  acid  may  be  obtained  by  crystallizing  the 
residue  from  boiling  water:  3CONJI-Cl  =  C3b3N3H3 4- 3MI,C1. 
5.  By  heating  urea  Ixjyond  its  fusing  point  until  it  has  become 
converted  into  a  dry  greyish  mass :  when  this  residue,  which  con- 
sists of  cyanuric  acid,  ammelide  or  mclanuric  acid,  and  biuret  is 
dissolved  in  hot  sidj)huric  acid,  to  which  a  small  quantity  of  nitric 
acid  has  been  added  for  the  purpose  of  removing  the  colour,  it  is 
conyerted  into  cyanuric  acid,  which  is  deposited  on  diluting  the 
liqaid  moderately  with  water.  6.  By  the  destructive  distillation 
of  nric  acid ;  cyanuric  acid  being  one  of  the  products  obtained  in 
this  operation.  7.  If  cyamelide  be  heated  with  sulphuric  acid 
ontil  carbonic  anhydride  begins  to  be  evoWed,  and  the  solution^ 
.  as  soon  as  it  is  cool,  diluted  with  water^  crystals  of  anhydnms 
cjannric  acid  are  dcfNisited  afker  some  time. 

Cyanuric  add  is  deposited  from  its  aqueous  solution  in  colour^ 
last  ihotthic  prisms^  G^OjNgHpaOHy  whidi  aie  efflorescent.  It 
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is  sparin<rly  soluble  in  cold  water,  more  freely  so  in  boiling  water, 
and  is  also  somewbat  soluble  iu  boilin£r  alcohol.  When  <'rvstal- 
lized  from  hot  bydroehloric  or  nitric  acirl,  it  is  deposited  in  square- 
based  anbvdrous  oetahedra.  Bv  loiip^  boiliii};  with  eonceiitrated 
acids  it  is  decomposed  into  carbonic  anhydride  and  ammonia. 
AVbcn  crystallized  cvanuric  acid  is  distilled,  it  is  converted  into 
cyanic  acid,  but  this^  as  already  noticed,  in  a  sbort  time  bej^ius  to 
unders^o  a  spontaneous  change  iuto  the  wliite  msolubie  compound 
known  as  cuainelide  (1137). 

Alost  of  the  cyanuratea  are  crystaUine  and  sparingly  soluble 
in  water.  Tliose  which  are  produced  even  when  the  acid  is  mixed 
"with  a  considerable  excess  of  an  alkali  or  alkaline  earth,  have 
only  two  of  the  three  atoms  of  hydrogen  displaced  by  the 
equivalent  quantity  of  the  metal.  M<mopota$me  eyamirafe, 
CgOjNjHgK,  is  deposited  in  anhydrous  cuhes^  when  acetic  acid  is 
added  in  small  quantities  at  a  time  to  a  solution  of  potassb  <^ruiate; 
three  molecules  of  cyanic  add  coalescing  to  form  one  molecule  of 
the  cyanurate : 

3CONK  +   allCjH^Oj  =  C3O3N3H2K  +  2KC3H3OJ. 

FoUHie  AeetkMid.  HooopolaMio  PoUwIft  aoetite. 

When  a  solution  of  a  salt  of  copper,  after  being  saturated 
with  ammonia,  is  mixed  with  a  solution  of  cyanuric  acid,  a  cha- 
racteristic violet  precipitate  is  formed,  which  is  insoluble  in  cold 
water.  Diargeniic  q/anuraie,  CjOgNjHAgj,  and  triargentic 
cyanurate,  Qfi.^^k^^,  are  white  crystalline  substances,  insoluble 
in  water,  but  slightly  soluble  iu  dilute  nitric  acid. 

(1146)  Const  i  tut  I  on  0/  Ci/anw  and  Cyanuric  Arids. — Strictly  gpcalcing 
neiUier  of  these  compounds  can  be  considered  as  carbo-iwidH,  they  cunuot 
he  rapreMoted  by  fornala  whieh  oontun  the  COOH  group  (1072).  The  ooly 
ooiwtitQtioiuil  framaliB  which  we  are  able  to  nngii  to  a  aabetSDoe  hwing  the 
eompoeitioii  COKH  are  ae  &Uowb  : 

N'"  I         or  H-N  =  C  =  0 ;  and  C^^  I  J^^,  or  N  -  C-0— H. 

It  ii  probable  that  ordbarf  potassio  cyanate  ia  the  potasaiom  derivative  of  the 
fintof  these,  NH.CO,  which,  as  it  i«  tiie  imide  of  carbonio  add,  ia  apprapriately 

termed  rarhimidr ;  whilst  pota.><sic  iso4-yanate  ii*  derived  fion  the  aeoond  eon* 
pound,  >>'(.'. OH,  which  is  tiie  hydrate  of  cyanogen. 

The  coDstitutiou  of  cyanuric  acid  may  be  inferred  from  its  fonnation  irom 
Hunt.  Sehmit  (Joum,  pr,  Cktm.  [2],  v.  46)  found  that  when  thia  oomponnd 
ia  heated  with  carbonio  oxyehloride  earbon^l'dihwni  ia  fitat  formed  t 

niiiitta  0ulN0jl*dlUaMt> 
which,  by  the  fiirtiisr  aotion  of  the  chloride,  is  then  converted  into  cyaaaric  aeid : 


Digitized  by  Gopglc 


1 149*]  m.uiNATB8.  123 

3™  r  CO.NH,    XTr,.CO  )       ^  nnn    ml  CO.NH.CO.XIT.CO  }  vr«  .  ,hcL 
1  CO-NH  rO.Xll.CO  /  ^  +  COCa,=NH  I  CO.XH.CO.NH.CO  /  ™* 

Carboojl-dibiuret.  Dicarbonjl-dibiuret. 

1  CO.NH.CO.NH.CO/        -  alTH  |  ^^.^^  ^.^^  |  00. 

Picarbonjl-dibioret.  Cyanuric  acid. 

From  this  it  wouM  appar  that  eyannrio  acid  has  the  oonstitation  represented  hj 

f  Co  \  H  I 

(he  fiwnroUNH  j  (^iq^|£  j  CO,  and  the  property  it  poM«MM  in  oommon  with  the 

tnie  add*  of  exehanging  hydrogen  Ibr  *  nefad  would  he  doe  to  the  preeenee  of 
the  iroida^  groap,  NH.  If  this  be  taken  aa  the  constttntional  fomola  of  the 
acid  the  reaction  with  phosphoric  pontnchloride  (ll35)iniuit  be  enppoeed  to  take 
pboe  in  the  manner  indicated  by  the  foUowing  equationa : 

xoci,— NH\  ^ca—iss 

NH  GO.  »  N  (xa  +  3Ha 

\CCI,— Ntt^  \CC1  =  N/ 

Cjanvio  «liloirid«. 

(1147)  Ctanilic  acid. — Sometirnee  during  the  preparatioii  of  cyanuric  acid 
by  boiling  crude  mellon  with  nitric  acid,  crystals  of  a  compound  which  Liebig 
terms  cyauilic  acid  juc  formed.  It  crystallizes  in  long,  etllore.scent  prisms,  and 
has  the  sanie  compositiou  as  cyanuric  acid,  but  is  diatinguitihed  irom  it  by  its 
greater  eolnbility. 

(i  T48)  Fulminates. — When  a  solution  of  argentic  or  mercnric 
nitrate  in  an  excess  of  nitric  acid  is  heated  with  alcohol,  a  dccom- 
pcsition  attended  with  a  copious  evolution  of  gas  occurs,  and  a 
cry  stalline  deposit  of  a  metallic  fulminate  is  formed.  The  ful- 
minates are  a  class  of  salts  polymeric  with  the  eyanates,  from 
which  they  are  distinguished  by  the  property  they  possess 
of  detonating  violently  by  percussion. 

(1149)  Aboentic  Fulminate,  CgO^^N^Ag,. — In  order  to  pre- 
pare this  salt  I  part  of  silver  is  dissolved  at  a  gentle  heat  in  10 
parts  of  nitric  acid  of  sp.  gr.  1*361  and  the  solution  poured  into 
ao  parts  of  alcohol  of  sp.  gr.  0*840.  On  the  application  of  a  very 
gentle  heat,  aa  appearance  of  ebttllittoa  commenoes^  the  liquid 
liecomes  turbid^  and,  on  cooling,  deposits  the  crystalliied  fnlminate, 
whicli  may  be  washed  with  cold  water,  and  dried  at  a  very  gentle 
heat.  During  the  preparation  of  the  salt,  oxides  of  nitrogen, 
mixed  with  vapours  of  ethylic  nitrate,  and  of  aldehyde,  as  well 
as  of  acetic  and  formic  acids,  are  liberated,  and  the  solution 
is  found  to  contain  oxalic  acid. 

Argentic  fulminate  may  also  he  ohtained  by  passing  nitrons 
anhydride  into  ,  an  akc^lic  solution  of  aigentie  sitimte.  In 
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this  case  crystals  of  the  fulminate  are  deposited  without  any 
disengagement  of  gas  during  the  reaction  illuiitrated  by  the  fol- 
lowing equation : 

C^O  +  N,0,  +  sAgNO.  -  CflJS^  +  2OH.  +  aUNO^ 

AloohoL  Argwtic  ftilminitt. 

ArgeaiMs  fulminate  is  sparingly  soluble  in  cold  wster,  but 
soluble  in  36  parts  of  boiling  water.  Its  most  remarkable  pro- 
perty is  its  extremely  explosive  nature.    When  quite  dry,  a  blow, 

or  even  very  slight  friction  between  two  hard  bodies,  is  suflBcicnt 
to  cause  its  decomposition,  attended  with  a  detonation  of  extra- 
ordinary violence.  Even  when  moist,  or  under  water,  pressure 
with  a  hard  body  will  often  produce  a  similar  effect.  In  like 
manner,  an  explosion  is  caused  by  the  addition  of  a  drop  of  sul- 
phuric aeid,  the  contact  of  g^usoous  chlorine,  or  an  elevation  of 
temperature  somewhat  above  130''  (266°  F.).  It  is  decomposed 
with  effervescence  by  dilute  sulphuric  acid,  oxalic  acid  and  ammonia 
being  formed,  and  hydrocyanic  acid  liberated.  Dilute  hydro- 
chloric acid  also  decomposes  it,  the  silver  being  precipitated  wholly 
in  the  fonn  of  chloride.  Sulphuretted  hydrogen  converts  the 
salt  into  argentic  sulphide^  and  liberates  cyanic  acid,  which, 
if  the  sulphuretted  hydrogen  be  in  excess,  is  conrerted  into  sul- 
phocyanic  acid. 

SoIqUom  of  tiw  alkslim  di1oridw,ef«i  wimi  employed  m  eioeM,  precipitifts 
only  ooa-half  of  the  tUver  in  Che  form  of  ehloride,  pnxlaeuig  double  ealts,  sSch  «s 
at^/enUe potassic  fulminate,  Cp^^^KX'^  (?),  which  is  a  highly  esplonve  oom- 
pound,  crystallizing  in  eloni^ated  brilliant  leaflets. 

A  hi/drw  arrjentic  fulininaie,  tyi^N^Aj^H  (?),  may  be  obtained  in  the  form 
of  a  white  powder  by  the  cautious  addition  of  nitric  acid  to  one  uf  these  double 
fiihniiiatee.  It  is  lolable  in  boiling  water,  end  oryetelliMe  on  ooolbg.  If  boiled 
with  mercoric  oxide  it  diaaolvee  the  <aide»  forming  a  merourie  diaigentie  fblmi- 
aate  (C.O^J  J.  Ag.H^. 

If  a  solution  of  ari^ntic  fulminate  be  boiled  with  metallic  mercury,  or  copper, 
the  whole  of  the  ailver  is  precipitated,  aud  a  fulminate  of  mercury  or  of  cupper 
is  foruied. 

(1150)  Mebcuric  Fulminate,  C303N,Hg,j:OHi,. — ^The  beat 
method  of  preparing  this  salt,  accoi^ing  to  Liebig,  oonaists  in 
dissolving  3  parts  of  mercury  in  36  of  nitric  acid,  of  sp.  gr.  1*34, 
without  the  aid  of  heat,  in  a  flask  capable  of  containing  18  times 
the  bulk  of  the  add.  The  solution  is  then  to  be  ppnxed  into  a 
large  Tcssel  containing  17  parts  of  alcohol,  of  sp.  gr.  0*830^  and 
immediatdy  xetranafenred  to  the  flask  which  is  still  full  of 
nitrous  vapours,  and  with  which  it  should  be  agitated  to  effect 
their  absorption.  In  a  few  minutes  an  eflenrescenoe  commencea, 
which  becomes  very  violent  and  ii  attended  with  a  deposit  o£ 
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metallic  mercury  ;  this,  however,  is  gradually  redissolvcd.  The 
Tcaction  must  be  moderated  by  the  gradual  addition  of  17  parts 
more  of  alcohol ;  and,  on  cooling,  crystals  of  the  fulminate, 
amounting  to  4  6  parts,  are  deposited.  The  reaction  is  attended 
with  the  forniation  of  the  same  products  as  when  silver  ia  used. 
Glycolic  acid  is  also  found  in  the  mother  liquor. 

^rercuric  fulminate  forms  white  silky  needles,  which  have  a 
metallic  sweetish  taste.  It  is  sparingly  toluble  in  cold  water, 
but  much  more  soluble  in  boiling  water,  or  in  a  solution  of 
ammonia.  It  may  be  handled  without  much  danger  while 
moist,  bat  when  dry  if  it  be  exposed  to  the  electric  spark,  or 
beated  to  about  180°  (356°  F.),  it  explodes ;  and  if  it  be  struck 
hy  a  hard  body,  or  touched  with  oonceutrated  sulphuric  or  with 
nitric  acid,  detonation  ocean,  but  the  suddenness  of  the  explosion 
is  decidedly  less  than  that  of  argentic  fulminate.  The  priming 
of  the  ordinary  percussion  cap  consists  of  a  mixture  of  i  part  of 
mercuric  ftdminate  with  6  parts  of  nitre,  or  of  a  mixture  of  3 
parts  of  the  fulminate,  5  of  potassic  chlorate,  i  of  sulphur,  and  1 
of  ground  glass.  It  is  applied  in  the  form  of  a  dry  powder,  and 
18  made  to  adhere  to  the  cap  by  the  subsequent  application  of  a 
drop  of  shell-lac  yamish. 

"When  either  zinc  or  copper  is  boiled  with  mercuric  fulminate 
suspendefl  in  water,  the  whole  of  the  mercury  is  displaced  by  the 
metal  which  is  employed,  and  fulminate  of  zinc,  or  of  copper,  is 
formed.  No  fulminates  are  known  in  which  both  atoms  of 
hydrogen  are  displaced  by  the  metal  of  an  alkali  or  an  alkaline 
earth.  If  argentic  or  mercuric  fulminate  be  mixed  with  a  solu- 
tion of  potassic  hydrate  in  excess,  only  one  half  of  the  silver  or 
mercury  is  precipitated  in  the  form  of  oxide,  leaving  a  potassic 
ai^entic,  or  potassic  mercuric  fulminate  in  solution. 

The  constitution  of  tlic  fid  mi  nates  w  ill  be  discussed  when  the 
cyano-derivatives  of  the  hydrocarbon  of  the  C^U^^.!  series,  or 
paralBns,  are  described. 

(1151)  FuiMiKXTBic  Acid;  Isoej/  anuric  A.nd,  CjOgNgHj.— This  coni- 

ponnd  was  discovered  at  about  the  same  time  by  Liebig  and  hy  SchiKchkoff.  It 
18  isomeric  or  polymeric  with  cyaiinric  acid,  but  contains  only  one  atom  of 
hydn^D  displaceable  by  a  metal.  The  fulminurates  are  obtained  by  boiling 
oat  of  tiie  fiUmiBstn,  •ach  as  niareono  fulminate,  with  a  aolalMa  of  a  aolable 
ohlorida.  When  mercuric  falminata  is  thus  boiled  with  potaaaie  oblorida^  it  is 
gradually  diMolved,  and  a  yellow  compound  containing  mercury  is  sepantsd ; 
during  the  first  part  of  the  operation  the  liquid  nppears  to  be  turbid,  but  aa  sooa 
as  this  app^'arance  cease:*  it  is  filtered,  and  on  being  evaporated  it  yields  brilliant 
crystalH  of  potassic  fulminurate.    The  general  result  of  the  reaction  may  be  thua 

uj^uuM.  ^^jr^^^j^^  +  OH,  -  C,O.N,H,  +  00,  4  JS(E^ 
lalBiBtoadM.  folaiiaiiiio  add. 
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The  fiilminiiratet  erystallize  with  gr^t  facility ;  ih«y  pomew  n  hi^  Inetre,  and 

exort  a  great  dispersive  power  on  light.  They  ore  decon i ]  <>.-., h1  by  heat  with  a 
feeble  explosion ;  when  subinitttd  to  electrolysis  they  furnittii  carbunie  anhydride, 
qyanogen,  amraouia,  and  a  nitrate. 

It  thus  appears  (supposing  isolated  fulminic  acid  to  be  capable 
of  exiating^  and  cyanilic  acid  to  be  a  distinct  compoand)  that  not 
leaa  than  7  oompounda  polymeric  with  cyanic  acid  might  be  pro- 
duced— ^namely : 

Cyanic  acid    .    .  .  CONH. 

Dicyauic  acid  .    .  .  C^OiN^Hg  ?. 

Cyauuric  acid.     .  .  C^Oj^NJl^. 

Cyanielid  ....  a-CONil. 

('van i lie  acid  .     ,  .  CgO.jNjjHj  ?. 

Fulminic  acid     .  •  CgOgN^Hj  ?. 

I'uluiiuuric  acid  .  .  C^OjNjH,  ?. 


CHAPTER  V. 

THE   HYDROCARBONS  A.ND  THKIK   HALOID^  NITRO^  AND  CYANO 

DERIVATIVES. 

§  1.  HydroearhonM  of  the  CJH^^^  nrieB,  The  Paraffint ; — §  II. 
HydrocitrboM  of  the  CJi^  seriee.  The  OUfinee §  III.  Hy- 
drocarbons of  the  CJH^^^  seriet ; — }  IV*  ffydrocarbotu  the 
C^9«_4  series.  The  Terpenes ;  —  §  V.  Hythroearbons  of 
the  C^hf.,,  _Q  series; — §  VL  Hydrocarbons  of  the  C^H.,„_g 
series; — §  VII.  Ilydroctxrbons  of  the  series; — §  VIII. 

Hydrocarbons  of  the  C^H.,^_^^  series  ; — §  IX.  Hydrocarbons  of 
the  C,^H.,^_^^  series  ; — §  X.  Hydrocarbons  of  the  CJL„^ie  series ; 
— §  XI.  Hydrocarhons  of  the  (■\H.^_^^  st'r'us  : — §  XII.  Hy~ 
drocurbuns  of  the  C,J^_>h-2o  ■ — §  XII i.  Hydrocarbons  of 

the  CJL^_  ,n  J^t-rics  : — §  XI \  .  Uyfirociu  boas  of  the  Q/Zj^-j^ 
series  ; — §  XV.  Hydrocarbons  of  the  C J L,^_^  series; — §  XVI. 
Hydrocarbons  of  the  C„H^_^  series ; — §  XVII.  Hydrocar- 
bons of  the  C',//jfc,_3,  series, 

§  I.  Hydrocarbons  of  the  CoH^n^j  series.    Tue  Paraffins. 

(1153)  Thi  name  paraffin  {parum  affinis)  was  first  applied  to 
a  cryst^Une  solid  obtained  by  Beichenbach  in  1830,  from  wood 
tar^  and  since  largely  manufactured  by  the  distillation  of  cannel 
coal  and  bituminous  shales;  the  liquid  oil  produced  at  the  same 
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time  naturally  took  the  name  of  *  paraflin  oil/  Both  these  sub- 
stances consist  chierty  of  mixtures  of  bydrocarlwns  having  the 
general  formula  C„ir,„^o,  and  the  term  paraffiu  as  suggested  by 
Watts^  is  now  applied  to  the  entire  series. 

The  members  of  this  large  grou[)  of  hydrocarbons  homologous 
with  methane  or  marsh  gas,  CII^,  are  characterized  by  their 
chemical  indifference,  showing  not  the  slightest  tendency  to  enter 
into  combination,  and  exhibiting  to  the  fullest  extent  the  pro- 
perties of  saturated  molecules.  They  are  scarcely  acted  on  at 
the  ordinary  temperature  even  by  fiuning  nitric  acid,  although 
they  are  easily  oxidized  by  long  continued  boiling  with  dilute 
nitric  acid,  yielding  principally  carbonic  anhydride  and  a  mixture 
of  solid  and  Tolatile  adds  of  the  acetic  and  succinic  series  with 
nitriles ;  similar  products,  with  the  exception  of  the  nitriles,  are 
obtained  by  treatment  with  a  mixture  of  dilute  sulphuric  acid 
and  potassic  dichromate.  From  the  experiments  of  Berthelot,  it 
would  seem  that  the  action  of  potassic  permanganate  is  but  feeble, 
sinoe  he  found  that  it  required  two  months'  treatment  with  that 
reagent  to  completely  oxidize  a  few  decigrams  of  the  paraffin 
hexane.  They  are  not  attacked  by  a  dilute  solution  of  hyjx)- 
chlorous  acid.  The  action  of  chlorine  and  bromine  on  the 
paraffins  gives  rise  to  substitution  products.  They  are  not  dis- 
solved by  concentrated  sulphuric  acid,  neither  do  they  combine 
with  sulphuric  anhydride. 

Hoftinann  has  proposed  that  the  termination  ane  should  be 
employed  to  distinguish  the  mcnibcrs  of  tlii.^  .scries,  a  nomen- 
clature now  generally  adopted.  The  first  four,  TnLthanc,  ethane, 
projjane,  and  letrauc  are  gaseous  at  the  ordinary  teinp(  ruture ; 
the  next  higher  homologues  are  colourless  mobile  liquids  whose 
density  and  boiling  point  gradually  increase  as  the  numl)er  of 
€»rbon  atoms  in  the  molecule  becomes  greater,  whilst  the  highest 
members  are  crystalline  solids. 

(1153)  Methods  OP  FoRMATiov  OF  THE  Paraffins. — Although 
'  marsh  gas/  CU^,  had  long  been  known,  the  first  member  of  the 
series  which  was  prepared  artificially  was  the  octane,  CgH,y 
obtained  by  ILolbe  during  the  electrolysis  of  |)otassic  valerate ; 
■nbsequendy  a  more  general  method  of  obtaining  these  bodies 
was  discovered  by  Frankland,  in  the  decompositiou  which  the 
moniodoparaffins  nndergo  when  heated  with  zinc  to  a  high  tem- 
perature in  sealed  tubes. 

I.  By  the  action  of  Na$eerit  Hffdrogen  on  Carbon  Compovmds,— 
Berthelot,  in  his  remarkable  experiments  on  the  action  of 
hydxiodic  add  on  organic  bodies  has  found  that  all  carbon  com- 
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ponnds  if  heated  to  270**—- a8o*»  (518**— 536**  F,)  with  a  large 
excess  of  a  concentrated  aqueous  solution  of  that  acid  of  density 
2'o  are  converted  into  the  corresponding  saturated  hydrocarbon 
containing  the  same  number  of  carbon  atoms  as  the  original 
compound,  or  into  mixtures  of  the  paraflfina  lower  in  the  series. 
Thus  bensene^  ^c^e'  ^  converted  intohexane,  C^H^^,  and  toluene^ 
C^Hg,  into  heptane,  ^^^i^^  whilst  naphthalene,  C^qH^  yields  a 
mixture  of  decane,  CjoHggi  hexaue,  CgH^^,  and  octane,  is* 
Similarly,  the  haloid  derivatives  of  the  hydrocarbons,  the  alcohols, 
aldehydes  and  many  acids  arc  said  to  yield  the  corresponding 
paraffins  by  this  method  of  treatment. 

A  very  general  and  advantaj^cous  method  of  preparing  pure 
paraffins  is  to  act  upon  their  monulialoid  derivatives  with  a  mix- 
ture of  zinc  and  livdrocliloric  acid  :  the  action  is  often  facilitated 
by  dissolving  the  haloid  derivatives  in  alcohol : 

Zn  +  aHCl  a  H,  +  ZuGH,;  » 

CnHjn+iCl    +     H,    =    CnHgn+i    +  HCl. 

CsU^Cl       +        =s  C,U,       +  HQ. 

ChlnnfifupiM*  PiopsMi 

A  similar  effect  is  produced  by  heating  the  monolialoid  deri- 
vatives of  the  paraffins  with  sine  and  water  to  soo^  (392°  F.)  : 

C.Hfc+iI  +  Zn  +  OH,  =  C»H^+,  +  ZnlOH. 
C.HjJ     +  Zn  +  OH,  s  +  ZnlOH. 

Gladstone  and  Tribe  have  rrcrntly  shown  (Jonm.  C/tem.  Soc,  1873, 
445>  ^7^)  9^0 J  that  this  decomposition  takes  place  at  a  much 
lower  temperature,  in  many  eases  at  the  ordinary  temperature, 
if  the  zinc  be  coated  with  spongy  copper  by  immersing  it  in 
a  dilnte  solution  of  cupric  sulphate.  Alcohol  may  aUo  be 
employed  in  place  of  water. 

2.  From  Organo-metaUic  Compoundt. — Water  acts  with  ex- 
plosive violence  on  the  sine  organo-metallio  compounds  giving 
rise  to  a  paraffin : 

Zn(C„H2„+i),  +  aOH,  s  nCJl^^  +  ZnHA 

Zu{Cfl,\       +  2OH,  =  aC^Hg      +  ZnlljO,. 

ZiDcic  cthide.  Elbauc. 

3.  By  the  action  qf  Alkaline  Hydrates  on  Acids. — ^Paraffins 
are  also  produced  when  a  mixture  of  a  sodic  salt  of  an  acid  of 
the  acetic  or  succinic  series  is  heated  with  excess  of  an  *iig*ii«gi 
hydrate: — 
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CnHjj^+i.COONa  +  NaHO  =  C„H^+,  +  NajCO,. 
CH3.C00Na  +  NaHO  =  CH^       +  Na^CO,. 


CbH,„(COOK),  +  2KHO  =  C.H,.^t  +  2K,C0,. 

C^Hi^CCOOK),  +  aKHO  =  C^H^^     +  aK,CO,. 

PoUMic  fobente.  Hezaoa. 

In  this  reaction,  howerer,  owing  to  the  high  temperatnre  reqnired^ 
Hke  product  is  usually  more  or  leas  contaminated  with  the 
prodncta  of  secondary  decomposition. 

4,  By  ike  BUebndffm  Acids, — In  the  electrolysis  of  a 
flolntion  of  an  alkaline  sslt  of  an  acid  oi  the  acetic  series,  such 
as  acetic  add,  hydrogen  and  potassic  hydrate  make  their  appear- 
ance at  the  negative  electrode,  whilst  carbonic  anhydride  and  a 
paraflin  are  found  at  the  positive  electrode ;  thus : 

sCbH^^iCOOK  +  9OH,  s  H,+aKUO  +  aCO,  +  C^H^,  or 
C^Hj^^s  where  m  =  2n. 

2CH,C00K  +  aOH^  =  Hg-|-iKHO+aCO,+  C^H^. 


5.  By  the  action  of  Metals  on  the  Monohaloid  Derivatives 
of  the  Paraffins. — The  majority  of  the  moniodoparaffius  when 
acted  upon  by  metallic  sodium  yield  a  paraffin  containing  twice 
as  many  carbon  atoms  in  the  molecule  as  the  moniodoparaffin : 

aC^Hj^^jI  -h  2Na  =  C^^H^^.,  +  2NaI. 
aC^H^     +  aNa  s  CgHu    +  aNaL 


If  a  mixture  of  two  moniodoparaflhis  be  tsken,  the  number  of 
carixm  atoms  in  the  molecule  of  tiie  product  is  ^  sma  of  the 
carbon  atoms  in  the  two  moniodoparaffius : 

GAi^iI  +  C.Ha.^iI  4-  aNa  =  C.«.Haii^i»4.s  +  aNal. 

C.H.I      +    C,H,,I   +  zNa  =  C^H,,  +  aNal. 

lotkthaoe.  lodopcnUuM.  Hept&oe. 

It  is  often  necessary  to  moderate  the  violence  of  the  action  of 
the  sodium  by  the  addition  of  an  indifferent  liquid  such  as 
ether. 

When  the  moniodoparaffius  are  heated  with  sine,  a  paraffin  is 
obtained  containing  twice  as  many  carbon  atoms  as  there  are 
in  the  molecule  of  the  iodoparaffin,  thus : 


Digitized  by  Google 


130 


CONSTITUTION  OF  THE  PARAPnK8. 


aCHgl  +  Zn  =  C^H,  +  Znl,j 

but,  cxcfjiting  when  iodomctliane  (nictliylio  iodide)  is  employed, 
the  puriifrm  aud  olefine  containing  the  same  number  of  carlwn 
atoms  as  tlic  iodoparafRn  are  ])rodueed.  It  may  be  suj)posed 
that  these  arc  formed  either  by  the  splitting  up  of  the  higher 
paraffin  at  the  moment  of  formation : 

or,  wliipTi  5s  more  ])robable,  tliat  portions  of  the  iodoparaibn  are 
80  acted  upon,  that  the  corresponding  paraffin  and  oiefiue  are 
immediately  produced  : 

C„H,„^J  +  C„H,,+,I  +  Zn  =  C.H^  +  C„H^^,  +  Znl,; 

the  hydriodic  acid  withdrawn  from  one  molecule  by  the  action  of 
the  metal  reacting  together  with  the  metal  upon  a  second  mole- 
cule of  the  iodoparaffin  to  produce  the  paraffin  and  dncic  iodide. 
Mercury  in  a  few  instances  behaves  like  zinc. 

6.  By  Destructive  Distillatwn, — Paraffins  are  also  very  often 
produced  during  the  destructive  distillation  of  organic  substances^ 
and  occur  therefore  in  wood  and  coal  tar.  Many  shales,  as 
well  as  boghead  and  cannel  coal,  yield  comparatively  large 
quantities  of  these  hydrocarbons.  They  are  also  produced  by 
the  gradual  decomposition  of  vegetable  matter  beneath  the  earth's 
surface,  giving  rise  to  the  petroleum  which  is  obtained  in  such 
enormous  quantities  from  the  oil  wells  of  Pennsylvania  and  Canada. 

(i  154)  ConstitutUm  af  the  Paraffifu, — The  paratBns^  ^nH^+s> 
are  frequently  regarded  as  the  hydrides  of  the  positive  radicles, 
C„H^„^.p  of  the  methyl  series ;  thus  methane,  CH^  would  be 
considered  to  be  methylic  hydride,  CH3.H,  and  ethane,  CgHg, 
cthylic  hydride,  CJI..H.  This  view  of  their  constitution,  sug- 
gested by  their  mode  of  formation  from  the  zinc  compounds  by 
the  action  of  water  : 

Zn{Cfi.X  +  =  2C,H,.H  +  ZnH,Oy 

is  apparently  suj)ported  by  tlic  fact  that  the  action  of  chlorine  on 
methane  and  ethane  gives  rise  to  the  compounds  CH.,C1  and  CJI.Cl 
identical  with  the  methylic  and  cthylic  chlorides  obtained  by  the 
action  of  hydrorlilorie  acid  on  the  corresponding  alcohols.  The  ease, 
however,  is  dill'ereut  with  the  next  member  of  the  series,  propaue. 
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CjHg,  which  under  similar  circumstances  gives  rise  to  two 
isomeric  compounds  of  the  formula  Cfi^Cl,  namely,  a-chloro- 
propane  or  propylic  chloride,  CH,.GH,.CH,C1,  and  /3-chloropro- 
pane  or  isopropylic  chloride,  CH(CH,)gClj  so  that  we  should  have 
to  regard  propane  simultaneously  as  propylic  hydride  and  isopro- 
pylic  hydride :  this  ohjectiou  applies  with  still  greater  force  to 
the  Iiigher  members  of  the  series. 

The  homolognes  of  methane  are,  according  to  the  present 
state  of  our  knowledge^  most  conveniently  regarded  as  methane, 
in  which  one  or  more  of  the  hydrogen  atoms  are  replaced  by 
positive  radicles  of  the  form  0^1121,+ 1-*  Thus  ethaue,  C^Hg, 
would  be  represented  as  mcthylnicthaue,  CH^.d!^,  or,  rcg:arding 
its  foiLuaiiou  from  luctliylic  iodide  by  tiic  action  oi"  bodiuni 
or  ziiic: 

2CH3I  +  Zn  ==  CJl^  -f  Znlj, 

UetbjUc  iodide.  Ethane. 

where  the  two  methyl  groups,  CIIj,  unite  to  form  the  gronp 
CjII,.,  ai*  (iiuiL'thyl.  It  must  be  remarked,  however,  that  the  two 
methyl  groups  have,  on  thus  coalescing,  as  it  were,  lost  their 
individuality,  since  they  are  not  separable  as  are  the  constituent 
atoms  of  the  hydrogen  molecule,  Hj.  Thus,  whereas  the  action 
of  a  molecule  of  chlorine  gives  rise  to  two  molecules  of  hydric 
chloride  when  it  acts  upon  a  molecule  of  hydrogeu  :  H2  +  C1_,= 
2UCI,  it  does  not  produce  two  molecules  of  methylie  chloride 
when  it  acta  upon  ethane  (dimethyl):  (CH3)2H-Clo  — 2CII3CI,  but 
a  single  molecule  of  ehlorethane  or  ethylic  chloride  :  CH3.CUg+ 
Cl,sCH3.CHsCl+UCL  The  same  may  be  said  of  the  other 
liomologues  of  methane. 

The  hypothesis  that  the  homologous  paraffins  are  thus 
derived  from  methane  is  especially  convenient  in  practice  to 
lecal  the  methods  of  formation,  and  to  distinguish  between  the 
numerous  isomerides  in  the  higher  tems  of  the  series :  thus  the 
name  of  eihylmethane,  as  applied  to  the  hydrocarbon  propane, 
CjHg,  is  at  once  suggestive  of  its  formation  by  the  action  <tf 
sodium  on  an  ethereal  solution  of  methylie  and  ethylic  iodide: 

CJI.I  +  CH3I  +  aNa  =  aNal  +  CII.^.CJI.  or  C^U^ 

EtivUeiodid*.  JfatJqrUe lodid*.  £Uvla)«tliiiM  or  PiopMA. 

In  like  manner  the  terms  diethyl,  for  the  normal  tetrane,  and 
trimethylmethane  for  isotetrane,  suggest  not  only  that  one  is  pre- 
pared from  ethylic  iodide,  and  that  the  other  is  related  to 

*  The  names  given  to  tlieKe  radicles  are  derived  from  thOM  of  the  oorve- 
ffpmfling  paniffine  by  changing  the  terminal  ane  into  $L 

k2 
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trimetHylcarbinol,  but  also  tbat  tlie  carbon  atoms  are  not  muted 

in  the  same  way,  and  therefore  that  they  are  isomeric. 

(i  155)  Isomerism  in  the  Paraffin  Series. — Of  the  first  three 
members  of  the  paraffin  sericH,  iiamely,  methane,  CH^  ethane, 
CgHg,  and  propane,  CoTlg,  no  isomeric  modifications  exist.  They 
exhibit  the  same  physical  and  chemical  properties  in  whafever  way 
they  may  have  been  prepared,  wliich  is  in  aceordance  with  what 
might  have  been  expected  from  a  consideration  of  their  constitu- 
tional foimulse: 

H  H  H  H  H  H 

I  II  111 

H-C-H,  methane ;  B.-C-O-E,  ethane ;  H-C-C-C-H,  propane. 

I  II  III 

H  HH  HHU 

The  paraffins^  however,  containing  fonr  or  more  carbon  atomic 
admit  of  isomerie  modifieations,  as  will  be  ahoirn  when  th^ 
are  considered  individually.  Schorlemmer  haa  proposed  to 
divide  these  paraiSna  into  four  gronps: — i.  Normai  primary  pa- 
raffine  in  which  each  carbon  atom  ia  anodated  directly  with  at 
moat  two  other  carbon  atoms  aa  in  normal  heaane : 

H  H  H  H  H  H 

I    I    I    I    I  I 
aiL,  =  CH..CH-CH,.CH„CH..CH.  or  H~C-C-C— C— C-C— H. 

Ililll 
H  H  H  H  U  H 

a.  hoparaffine  in  which  one  of  the  carbon  atoms  is  associated 
with  three  others^  or  which  contain  the  group  isopropyl,  CH(CH,)^ 
as  iioheaane: 

H      H     H  H  H 

I       I  III 

CH(CHJ,.CH,.CH-.CH^  or  H— C  C  C— C-C— H. 

I        I  III 
H  H— 0-H  H  H  H 
I  • 
H 

3.  Those  whidi  contain  the  isopropyl  group  twice,  as  tHmpropifl : 

H     H       H  H 

Cfl(CHJ..CH(CHJ^  or  H— C  C  C  C— H. 

J.       »  I  L 

HH-C-HH-O-HH 

4.  Those  in  which  one  of  the  carbon  atoms  is  associated  with  four 
others,  as  in  ethyl-trimethyl-methane  C(C2H.)(CH3)..  The  ac- 
companying table  (pp.  134,  135)  represents  all  the  paraffins  with 
whose  properties  wc  arc  acquainted  arranged  in  four  groups 
according  to  the  method  just  described. 

It  will  be  seen  that  the  boiling  points  of  the  normal  paraf- 
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fins  are  higher  than  those  of  their  iaomerides^  and  that  the 
boiling  points  of  the  Utter  become  tower,  the  more  complex  their 
stroctore ;  the  hydrocarbon  in  group  iv.  boiling  lower  than  the 
corresponding  hydrocarbon  in  group  iii.^  and  tins  again  lower  than 
that  in  n.,  whilst  the  normal  paraffin  has  the  highest  boiliug  point. 
In  group  I.  the  increaae  of  boiling  point  for  each  difference  of  CH, 
diminishes  progressively ,  bat  appears  to  become  constant  when  it  is 
about  19°  {66°'2  F.).  In  group  11.  the  increase  of  boiling  point 
for  each  difference  of  CH^  is  about  31°  (55°'8  F.)^  and  in  group  iii. 
it  is  about  25^  (45°  F.),  but  these  numbers  must  be  regarded 
merely  as  rough  approximations  liable  to  alteration  as  our  know- 
ledge of  these  compounds  in  the  pure  state  becomes  increased. 
It  will  also  be  noticed  that  the  specific  gravity  in  the  liquid  state 
of  the  isomeric  hydrocarbons  varies  in  the  same  direction  as  the 
boiling  point ;  the  paraffin  of  higher  boiling  point  having  in  most 
(probably  in  all)  cases  a  higher  specific  gravity  than  that  of  the 
isomeric  compound  of  lower  boiling  point. 

(1156)  Methane;  Methylie  hydride;  Formene;  Marsh 
gas;  Light  carburetted  hydrogen  or  wb-carburetied  hydrogen: 
CH^sid. — This  gas,  the  lowest  member  of  the  paraffin  series,  has 
never  been  obtained  by  the  direct  union  of  its  elements.  Accord- 
ing  to  fierthelot,  however,  it  is  formed  in  small  quantities  when 
a  mixtoie  of  carbonic  bisulphide  Tapoor  with  hydric  sulphide  or 
with  steam  is  passed  over  red  hot  copper  tnmings :  CSj|+aSHy+ 
2Co,s5CH^+4CnS. 

Methane  is  one  of  the  nsnal  products  of  the  destmetiTe  dis- 
tillation of  oiganic  anbstanoes,  snch  as  wood,  peat^  and  bituminous 
coal,  and  is  oonseqinently  one  of  the  principal  conatitnents  of 
ooal-gas ;  it  also  occurs  abundantly  in  many  coal  mines^  bursting 
forth  unexpectedly  from  the  seama  of  coal,  and  blowing  out  from 
the  fissure  for  many  months  together,  as  though  escaping  from 
under  high  pressure.  These  natural  discharges  of  the  gaa  the 
miners  term  ''blowers.^  According  to  the  experiments  of 
Graham,  the  gas  from  the  Newcastle  coalfield  is  free  from  admix- 
ture with  olefiant  gas,  hydrogen,  carbonic  oxide,  and  carbonic 
anhydride.  It  is  also  found  issuing  from  the  earth  in  many 
parts  of  Italy,  Persia,  China,  and  America.  The  holy  fires  of 
Baku  on  the  Caspian  Sea,  which  have  been  burning  from  time 
immemorial,  are  of  this  nature. 

Preparation. — Pure  methane  can  only  be  obtained  by  the 
decomposition  of  zincic  methide  by  water:  Zn(CIIj5)^  +  20H2= 
2CH^  4-  ZnO JIj.  When  a  large  quantity  is  required  it  may  be  pre- 
pared    the  process  recommended  by  Fersos :  io|  parts  of  baric 

r 
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Table  qf  HomlogwB 


1 

I. 

IL 

Num. 

Fomula. 

Boiling 
point 

Specifio 

Nana. 

Pommla. 

Boiling 
point. 

SpeciSe 
ffxmritj. 

Methane  .  . 
EUuoa   •  . 

CH4 

CHa 
CH,  =  1 

CH, 
CH, 

• 

PnpiiM  .  . 

CH,  =  cir, 

CH, 

Tetrano   .  . 

C«Hi,  ™  (i^Ha), 
CH^ 

•600  at^ 

TiimethjlnieUiane . 
(]latl9llaupNi9t) 

CH(CH,), 

-if 

CH, 

1 

in, 

CH, 

ElhTldimcfhyl- 

niethano  .  .  . 
(EtlvUiopropgrl) 

CH(CH,), 
CH, 

•6a6»tij' 

Heuna   .  . 

(OipNnri) 

c,HM=(cn,)« 

CH, 
CH, 

'669«l  j6' 

Propyldimethyl- 

iiu'thaiio  .    .  . 
(Etbyliwbutjl) 

cn(CH,), 
in. 

da" 

*70iat«P 

HqitaM  .  . 

<!h, 

CH. 

9^ 

Triefhylroothane  . 
Telryldimithjl- 
methanc  .    .  . 

CH(CWA 

CH(CH,), 
1 

C.H,_ 

¥P 

"ttgataT* 
-683  at  i8°'4 

Ootane.  .  . 
(Dilwlll) 

CHm**  (CH,), 

en. 

N<ODIM   •  • 

CH, 

CH, 

CH, 

- 

— 

— 

- 

C»H«=/cH,)» 
CH, 

739  at  U^'S 

— 

— 

— 

Cu1B^-(CH,), 

Ctl, 

CM. 

Dodecane .  . 
(UhMjl) 

Tridwane .  . 
Totndeou*  . 
PtatMleeiiw. 

CuU»={cn.)io 

1 

CH, 
CH, 
CH, 

a58-a6a° 

•774  *t  17" 
'8S5  at  i6« 

1 

(Dioctyl) 

>78«» 

•olid 
mdu  at  31^ 
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and  homerie  Parqfina, 


m. 

IV. 

( 

Boiling 

Speciflc 
gisvllj* 

Fonnaltt. 

Bdling 
point. 

Specitic 
gtwrltj. 

• 

• 

• 

• 

• 

Ca(CBa)» 
CH(CB|)i 

iff 

Bttiyltrlinethjl- 

C(C,Ey  (CH,>, 

DietliyMimethjl- 
metiuae  .  . 

C(C.HJ,(CH,), 

'696  at  31 

DUMbntjl  .  . 

CH(CH,), 

(CHJ, 
1 

CH(CH,), 

no' 

'698  aX  ift" 

laotetlflNMRrl 

CU(CH,), 
(CH.), 

iS8» 

•737  at  14° 

(!h(CH.}, 
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hydrate  and  lol  of  anhydrooa  sodie  acetate  axe  very  intimatelT 
mixed,  and  heated  orer  a  chaicoal  fixe^  or  gas  rtoroj  in  a  Fkncncse 
flask,  eoated  with  a  luting  of  fire-day  made  into  a  paste  with  a 
■dutian  of  borax.  The  flask  is  fitted  with  a  cork  and  bent  tube, 
and  the  gas  ia  passed  first  through  a  solution  of  sodic  hydrate 
and  afterwards  through  concentrated  sulphuric  add:  it  may  be 
collected  oyer  water  in  the  usual  way : 

aCHg.CO^a  +  BaO^H,  a  aCH^  +  BaCOg  +  Na^COg. 

SodtotBlltfe  Barie  IbOMt.  Bvld  Sodle 

hydrate.  Mrboaato.  flntaute. 

A  mixture  of  2  parts  of  potassic  hydrate  and  3  of  quicklime  may 
be  substituted  for  baric  hydrate.  The  most  convenient  method, 
however,  is  to  heat  a  mixture  of  i  part  of  sodic  acetate  either  with 
3  of  soda-lime  or,  as  recommended  by  Schorlemmer^  with  2  or  3 
parts  of  a  mixture  of  equal  weights  of  anhydrous  sodic  carbonate 
and  dry  slaked  lime^  in  a  copper  flask  provided  with  a  deliyeiy 
tube. 

The  gas  is  also  easily  procured  (mingled  with  nitrogen  and 
carbonic  anhydride),  as  a  result  of  the  decomposition  of  yege- 
table  matter  contained  in  the  mud  of  stsgnant  pools ;  hence  its 
name  of  marsh  ga».  In  order  to  collect  the  gas  from  this 
source  a  bottle  may  be  filled  with  water,  inverted  in  the  pool> 
and  having  fsstened  a  fnnnd  in  the  neck  of  the  bottle,  the  mud 
beneath  is  stirred  with  a  stick  j  the  gas  then  rises  into  the  bottle 
in  bubbles. 

Properiiei, — ^Methane  is  a  colourless,  inodorous,  and  taste- 
less gas,  scarcdy  soluble  in  water,  but  sduble  in  alcohol  to  a 
small  extent :  not  injurious  to  life  if  diluted  with  air.    It  does 

not  support  combustion,  but  is  itself  inflammable,  and  bums 
with  a  yellow  luminous  flame.  By  passing  through  it  a  continued 
succession  of  electric  sparks,  or  by  sending  it  through  tubes 
heated  to  whiteness,  it  is  decomposed :  its  carbon  is  deposited, 
and  a  volume  of  hydrogen,  double  that  of  the  gaa  employed,  is 
set  at  liberty. 

Methane  requires  twice  its  volume  of  oxygen  for  complete 
combustion.  Six  volumes  of  the  mixed  gases  after  detonation, 
are  condensed  into  2  volumes  :  thcv  yield  2  volumes  of  carbonic 
anhydride,  and  4  volumes  of  steam  which  are  condensed.  Now 
carbonic  anhydride  contains  its  own  bulk  of  oxygen  ;  it  therefore 
represents  2  of  the  4  volumes  of  oxygen  which  have  disappeared, 
whilst  the  rest  of  the  oxygen  has  united  with  4  vdumes  of 
hydrogen  and  formed  water.  Two  volumes  of  methane  must 
consequently  contain  4  volumes  of  hydrogen,  or  4  parts  by 
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weight,  united  with  iz  parts  of  carhon,  and  its  oompoaition  maj 
be  thna  rq^raented : 

Carbon       ...    ...       C    =     I  a  or  75    .••  P 

H.     =        4        2C     ...  4 

Methane    CH^  =     16    100  2 

Although  chlorine  has  no  action  on  methane  in  the  dark,  the 
mixture  of  the  two  gases  explodes  when  exposed  to  the  direct 
raya  of  the  son.  In  diffused  daylight  chlorine  subatitution  com- 
pounda  are  fonned,  the  principal  product  being  monochlorome- 
thane  or  methylie  chloride :  with  excess  of  chlorine  it  is  ultimateLy 
oouTerted  into  tetrachloromethane  or  csrboiiio>  tetrachloride,  CCl^ 
but  if  moistare  be  present,  hydrocfalorie  acid  and  carbonic  anhy- 
dride are  also  formed : 

CH^  i-  4CI,  +  zUfi  =  CO,  +  8HCL 

(1157]  Ethane,  E thy  lie  hydride  or  Dimethyl:  C^H^  or 
CH,.CH,=3o. — This  compound  is  a  tastelen  and  odourless  gas 
which  hss  not  as  yet  been  liquefied.  It  is  almost  insolnUe  in 
water,  but  sloohol  takes  up  more  than  its  own  bulk  of  the  gas. 

A  good  method  of  preparing  it  consists  in  heating  a  mixture 
of  equal  parts  of  water  and  iodctliane  or  ethylic  iodide,  C^Hgl, 
with  metallic  zinc,  in  a  sealed  tube  to  a  temperature  of  about 
16^°  (329°  F.) : 

C,n,l  +  Zn  +  OH,  =  C,H,  +  ZnlOH; 

on  breaking  off  the  capillaiy  extremity  of  the  tube  under  water^ 
the  gas  rapidly  escapes,  and  may  be  collected  in  the  nsnal  way 
(Frankland).  According  to  Gladstone  and  Tribe,  the  same 
action  takes  place  with  moderate  rapidity  even  at  the  ordinary 
temperature  when  iodethane  is  added  to  the  moist  so»caUed 
'sino-copper  couple/  which  is  prepared  by  immersing  sine  &il  in 
a  dilute  solution  of  cuprtc  sulphate. 

Ethane  is  obtsined  in  a  state  of  great  purity  by  the  aetbn  of 
water  on  rincic  ethide : 

Zn(C,HJ,      aOH,  =  2C|H,  +  ZnH,0,; 

or  by  heating  methylic  iodide  with  sino  or  finely  dirided  silver 

to  150°  (302°  F.) : 

3CH3I  -f  uAg  =  C^Hj  +  aAgI } 

MftiVlk  iodidA.  £U>um. 
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It  may  also  be  prepared  by  the  electrolysis  of  a  concentrated 
solution  of  potassic  acetate : 

aCH,.COOK  +  OH,  =s  Cfl^  +  CO,  +  KjCO,  + 

The  gas  which  is  given  off  at  the  positive  pole  is  a  nuztnre  of 
ethane  and  carbonic  anhydride  from  which  the  latter  may  be 

removed  bv  an  alkaline  hydrate. 

The  action  of  chlorine  on  ethane  in  diflfnsed  daylight  g:ive8 
rise,  in  the  first  place,  to  monochlorcthanc  or  ethylic  chloride, 
and  aftcnvards  to  higher  chlorinated  products. 

(i  158)  Propane,  Propyl ir  hi/dn<fe,  or  Methyl- ethyl :  C,Hg  or  CHj.CHj.CII^ 
=  44. — This  compound  oc^jurs  aiiHni<,'st  the  gases  evolved  from  the  petroleum 
spriitgH  in  Pennsylvania,  and  also  dissolved  in  the  crude  petroleum.    It  may  be 
prepMied  firora  propjUc  or  isopropylio  iodldA     the  aotioQ  of  bydrio^  add,  or 
of  ano  and  hydioohlorie  add : 

C.H,I  4-  HI  »  CA  + 

Propane  ia  a  gat  whichi  at  a  low  temperature,  may  be  condensed  to  a  colourless 
h'quid.  Alooiud  diaaolvee  about  six  tiraee  its  volume  of  the  gas.  Tbe  action 
of  chlonne  on  propane  gives  rise  to  two  isomeric  monoclilorinat^  substitution 
compounds,  namely  a-rhloroprojxnie  or  pynpylir  rhloridc,  CII,.CHj.CHjCl,  and 
fi'chloroprapane  or  isoj^ropylic  chloride,  CHj.CUCi.CH^  besides  higher 
dilorinated  prodaeta. 

(1159)  Tetbank  or  BUTIBB:  CJff^ss  58.  — Two  ison^eric  compounds 
having  the  formula  C^H,^  aije  eapabln  of  eswting ;  both  of  theee  have  been 
prepared  and  examined. 

formal  ietrane,  butane,  hutylic  hydride,  or  diethyl :  CH,.CH,.CH,.CHj,  Li 
&ond  in  crude  petroleum.  It  may  be  prepared  by  heating  a  mixture  of  grano- 
lated  sine  and  etbjiic  iodide  for  two  hoon  to  a  temperature  of  150^  (302**  F.) 
in  a  strong  eealed  tube  from  which  the  air  has  been  exhausted;  the  sides  of  the 
tube  become  coated  with  a  white  crystalline  substance,  consisting  of  zincic 
iodocthide,  which  is  mixed  with  a  colourless  mobile  liquid,  equal  in  bulk  to  about 
half  that  of  the  ethylic  iodide  employed.  This  liquid  is  a  mixture  of  tetrane 
with  ethane  and  ethylene,  the  two  latter  the  Ksalt  of  a  eeoondaiy  deoom- 
poeilaon  (p.  130).  On  opening  the  tube  when  cold,  the  liquid  rapidly  disappears 
and  eacapes  in  the  gaseous  form.  The  last  portions,  which  consist  <tf  tetran^ 
may  bo  condensed  to  a  colourless  liquid  by  means  of  a  refri^'rating  mixture 
of  ice  and  saU.  liutanc,  mixed  with  ethane  and  ethylene,  is  also  formed  when 
ethylic  iodide  is  exposed  over  mercury  to  the  sun's  rays,  mercuric  iodide  being 
produced  at  the  same  time. 

At  the  ocdinavy  traaperaftofe  butane  is  a  eolomleas  gas  of  sp.  gr.  3*046  and 
possessing  an  ethereal  odour.  It  burns  with  a  highly  luminous  flanie.  Tho 
boiling  point  of  the  liquid  is  about  i''  (33^'8  F.)  BuUmo  is  insoluble  in  water, 
but  freely  soluble  in  alcohol,  which  dissolves  about  18  times  its  bulk  of  tlie  gas 
at  14^  (57°'2  F.),  giving  it  oil"  ag -tin,  however,  when  diluted  with  water. 

iie&tttene,  pseudpbutjfKe  iydridt,  or  trimetkjflmethmte  t  CH,.CH(CH,)^ 
or  CH(CH,),,  is  obtamed  by  the  aetiom  of  aino  and  water  at  a  high  temperstoie 
on  tertiary  Duty  lie  iodide  : 

CH,.qCH.),I  +  Zn  H-  OH,  «  CH,CH(CHJ,  +  ZnlOH. 

Some  isobutene,  C^H,,  is  also  produced  at  the  same  time,  but  this  may  be 
icmo?ed  by  pasamg  the  mixed  gases  through  btomine  which  only  absorbs  the 
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isobat4>ne.    Isobntane  i9  a  gtatouM  body  which  at  —  17**  (l%  F.)  may  be  eon- 
densed  to  a  colourless  liquid. 

(1160)  Pextane:  C,H„  =  72.— The  three  compounds  C^H^,  theoretically 
capable  of  existing  are  kuown. 

i<r<iiw/iwi^laM,aMyl»^  CH,.CH,.CH,.CH,.CH^ 
or  CH,(C,H,),,  is  found  in  paraffin  oil  from  cannel  and  bedhead  coal,  and  in 
large  quantities  in  the  lower  boiling  portions  of  American  petroleum.  It  is  a 
mobile  colourless  liquid  boiiintj  between  37^  and  39°  (98°'6  and  I02°"2  F.) 

IsojH;iUane,ijtoami/lu'  hjfdridc,  or  isuLut^l-melAj/l :  Cllj.CH(CHj).CH^CH,, 
abo  oconni  In  petiolenm  and  may  be  prepared  by  the  fellowii^  methoda  firom 
the  iaoamylie  eomponnda  obtained  from  or^nary  fennentation  amylio  akdioL 

I.  By  the  aoUon  of  sine  and  wator  on  the  iaoamylto  iodide: 

C,H,.I  +  Zn  -I-  OH.  -  %Cfl^  +  ZnlOH. 
IsoHBylietodida.  iMpantnia. 

3.  By  the  action  of  water  on  nne  laoamyl : 

flw  lioaB>|l*  IsopntHMi 
3*  Together  with  amylene  by  beating  zme  with  iaoamylie  iodide : 

aCA,I  +  Zn  =  C.H^  +  C,H,.  +  Znl^ 
IsohbtIId  Iodide.  IsofWiiluM.  AmjlaM. 

4.  It  is  alHO  formed  together  with  amjdene  and  its  polymcridus  when  isoamylic 
aleobol  ia  distilled  with  aincio  chloride. 

The  amylene  fonned  in  the  above  reactions  may  be  nrnoved  from  the  mixture 
by  meane  of  fnming  aniphnric  add,  whidi  disaolvea  the  amylene  and  leavea  the 

pentane. 

Iriopentane  is  a  liquid  of  sp.  gr.  0*626  at  17°  (62'''6  F.)  which  boils  at 
30°  (86°  F.)  and  does  not  soliiliij  at  —24**  {- n°  2  h\).  It  bums  with  a 
brilliant  white  flame,  without  smoke. 

Tetramethjfl-methane :  CH,.C(CH,),,  or  C(CHJ^,  is  a  colourless  mobile 
liqnid  boiling  at  9*^*5  (49**'!  F.),  produMd  by  Uke  action  of  aincic  methide  on 
tertiary  but^'lic  iodide : 

C1I,.C(CHJ,I    +    Zn(CH,),  =   CH,.C(CH,),     +  ZuICH,; 
Batylle  iodide.  Zindcmethide.     Tctramcthyl  methane.       ZIndc  iodomethids. 

and  by  the  action  of  zincic  methide  on  y-dichlorupropane  (tnethyluhloracetol) : 
CH,.CCVCH,  +  Zn(CH),  =  C(CH,),  +  ZnCl^ 

Y*Diuh)oroprop«Qe.  TetramethjrlmethftiMi 

It  solidifies  to  a  cry!»talUne  mags  at  —  20°  ( —  4°  F). 

Frankland  considers  it  probublf  i\\i\it\\eEupion  whicli  Reichenbach  obtained 
during  the  rectification  of  tiie  products  from  wood  tar  and  Irom  rape  oil,  is  u 
pentane. 

(1161)  Hbxavx;  CfHi^'sSd. — ^Fonr  of  the  fiTe  hexanea  theofetidally 

possible  have  been  prepared  and  examined. 

Nurmal  hfTune,  Diprojyyl,  or  amyl -methyl :  CH^.CH„  CH,  Cir,.CH,.CH,, 
is  a  liquid  of  density  0-6630  at  17''  (62°*6  F.)  which  boiiu  at  7i'^  5  (i6o°7  F.) 
It  is  formed  from  the  secondary  hexylic  iodide  obtaaied  from  mancite,  by  heating 
it  with  sine  and  water,  or  by  tiie  action  of  sine  and  dilute  hydrochknric  acid.  It 
may  ahto  be  obtained  by  deoomposing  an  ethereal  eolation  of  normal  propylio 
ioiUde  with  sodinm  at  150*^  (303**  F.) : 

2CH..CH,.Ciy  +.aNa  =  CH,.CfH,.CH,.CHg.CH,.CH,  +  aNali 
FnfgrUoMi^  Hsiina 
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or  by  exposing  the  iodide  to  the  mn's  nyt  in  oouUot  with  nuoaxj*  It  il 
found  also  in  parafKn  oil  and  in  petruleum. 

a'ltohexanetethi/l'UobutyltOt  uoamyl-methyl :  CH,,CH(CBy.CH,.CI^CH,. 
■—On  digc8tii)g  »  mixinre  of  40  parti  ci  iiobtttylio  iodide,  34  of  etbjlio  iodide, 
and  II  of  :>oJium,  in  a  flask  oonneeted  with  a  Teitical  coiidcuser,  so  arrun:;ed  that 
the  volatilized  products  shall  return  constantly  into  the  flask,  a  liquid  is  obtained 
which  by  fractional  distillation  yields  a-isohexane  boiling^  at  6a*  (l43'''6  F.). 
It  is  a  mobile  colourless  liquid  of  density  0701  at  o®  (32*  F.). 

^MkesNUu  :  CH,.CH,.CH(CUJ.CH,.CH,  has  not  yet  been  prepared. 

DUtopropyl,  or  UtramHUfUeOatu:  CH,.CH(OH^.CH(CH J.CH,  U  a  liquid 
of  sp.  gr.  0*6769  at  10"  (50^  F.)  obtained  by  tbo  aetitti  of  Mdiom  aa  an 
atbeteai  aolntion  4^  iMpnpjrUo  iodide : 

%CH^CB{CHfl      Ni^  «  CH,.CH(CH^.CH(CHJ.CH,  4-  2NaI. 
IiMi|iv|if llo  iodUib  DUfopvopjL 

This  yiiokegane  boils  at  58°  (i36''-4  F.). 
^-Ij>ohexane,iatnmeHyl-ethyl-meihane :  CH,.CH,.C(CH,),  orC(C^^(CH^^ 
is  formed  bj  the  aotioo  of  zinoac  eUude  on  tertiary  butjlio  iodide : 

C(CH  VI  +  Zn(C,HJ,  -  C,H..C(CH,),  +  ZnTC,H,. 
Bai/Uo  ZindO  Trii»et]url-«tlurl>  Zinde 

looda.  etUds.  aimiiiiiiL  lodoelkidtb 

It  boils  between  43**  and  48**  (io9''-4  and  118^4  ¥.), 

(1162)  Heptane:  CyH,, b  ioa--Of  the nameroaa  poaiible bjdrocaiboiia  oI 

the  formula  C^IIj^  only  three  are  at  present  known. 

Nor  ma  I  Heptane:  Cir,.CH,.CHj.CII,.CII,.CII^CH,,  is  found  in  paraffin  oil 
and  in  Pennsylvanian  petroleum ;  it  is  also  formed  on  distilling  azelaiio  acid, 
C,H  (COOH),.  with  exoess  of  baric  oxide. 

It  ia  e  liqnid  boiling  at  99*^  (2io***3  F.). 

mhyl-Uoamyl,  or  iim^thyl-lutyl'tneihane :  CH,.CH,.CIIj.Cn,.CH(CH,),, 

a- Isohejjiane.—TWia  is  prepared  by  a  method  similar  to  that  already  described  for 
a-isohexanc  by  di^'cstin^  a  mixture  of  60  parts  of  etbjlio  iodide  and  70  of 

is<oaniylic  iodide  with  1 4  of  sodium : 

nr  CH J-|-CH(Cig,.CH,.CH,I  +  2Na=  CH,.CH,.CTT  .0H^.CH(CHJ,+2NaL 

Ethjlk- iodide.  Isoamylic  iodide.  a  lsoheptjinc. 

By  fractional  distillation  a  liquid  is  obtained  which  boils  at  (X95°*8  F.)^ 
and  has  a  density  of  07069  at  0°. 

DimMkyl'dAethsl-methane:  CH  CH,.C^Cli,j,.CII,.CH,,  or  C(CH,),(C,HJ,, 
is  prodneed  by  the  aetaon  of  aincio  ethide  on  y-diohloropropane  (methytoliloraoetol) : 

CH,.CC1..CH,  +  3Zn(C,HJ,  «  CH^C(C,ig^CH,  +  2ZnClCj^,. 
y-DlehlonipropMM.       BadceOddi.       Dtedt^-^aieQiyl-fntHitnft   Ztaele  oUoratttd*. 

It  is  a  colourless  liquid  boiling  at  about  86**  (i86°'8  F.).  The  heptane  boiling 
«t  about  90^  (194°  F.),  whidi  aooompanies  normal  heptane  in  petroleimi,  is 

perhaj>s  dim(?thyl-diethyl-roethane  (Schorlcmmcr,  Chem.  Soc.  Joum.  1873.  319.) 

Triethifl-methane :  CH,.CH,.CH(CH,.CH,).CH,.t^H,  or  CH^C,H,)^,  is 
a  colourless  liquid  of  density  o  689  at  27"  (8o°*r)  F.),  prepared  by  treating 
ethylic  orthoformato  with  zincic  ethide  and  sodium  (Ladeuburg)  : 

2CH(OCJIJ,  +  3Zn(C,H,),  +  6Na  =  2C11(CJIJ,  +  6NaOC,H.  +  3Zn. 

Etbjlio  orthofurmate.     Zincic  ethide.  Tlitthjrl-mAUuuie.    Sodic  ethjlAte, 

It  boils  at  96"  (204--8  F.). 

(1163)  Other  Paraffins.  BihutyJ :  CH^.CH^.CH,.CII,.CH,.CH,.CH,.CH,. 
—-This,  the  normal  octane,  occurs  in  petroleum  and  paral£n  oil,  and  uugr  be  ^rt- 
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pand  in  Um  nfoal  way  from  nonnil  odjlie  iodide,  or  bj  flio  tetion  of  Mdinm  on 
nomul  butylic  iodide,  CH,.CH,.CH,.CH,[.    It  is  abo  obtained  from  methyl. 

hexyl-carbinol,  and  by  distilling  potassic  »ebat«  with  excess  of  potassic  hydrate : 
K,C,^H,,0^+ 2KH()  =  C,H„+ 2K,C0,.  It  has  a  denHity  of  0  7032  at  17* 
(Oz^'g  v.),  and  boils  at  123**— 125°  (253*'-4— 257"  F.).  Its  isomeride, 
diUobutjfl:  CH^CH(CHJ.CH,.CH,.  CH(CHj.CH,,  is  a  ooIowIm  liquid  of 
mg.  gr.  07057,  wbieh  boik  at  109**  (aaS^^'S  F.).  It  it  obtaimd  by  the  tetion 
amSiim  on  primary  inobutylic  iodide,  CH^CB(CHJ.CH^. 

A  nonane,  0,11^,,  which  is  probably  the  normal  primary  paraffin,  has  been 
isolated  by  Thorpe  and  Yonnp^  from  the  mixture  of  hydrocarbons  obtained  on 
decomposing  solid  paraffin  by  heat  (i  164) ;  it  boils  at  147^ — 148°  (296°'6— ■ 
298°-4  Y.),  and  baa  tin  sp.  gr.  7279  at  13°  5.(56''5  ^'0 

Tha  aomma  boiling  at  136*-— 138"  (a7^8~98o*-4  F.),  wbidi,  aoeofding 
to  Peloaaa  and  Cahoors,  occurs  in  petroleum,  is  undoubtedly  an  iaoparaffin.  It 
}jas  a  sp.  gr.  of  0741  at  15°  (59°  F.).  Two  other  nonanes  are  known, 
namely,  Uobuti^l-t^oamijl :  ClI^.CrUCH3).CH,ClI,.CH..CH(CH,).CH,.  formed 
by  the  action  of  sodium  on  the  mixed  isubutylic  and  isuamylio  iodides,  and 
Uebutyl  fl  isoamyl :  CH^CH(Cig  CH,  CH(CH,).CH(CHJ.CH,.  prodneed  in 
amall  qoantity  bj  treating  iaopmpylie  iodide  with  sodium  amalgam  (Silva.  Deui. 
chem.  Ges.  Ber.  1872. 984).  They  are  both  colourleM  liqnida,  ibe  fint  boiling 
at  132"  (269°-6  F.).  the  second  at  about  130*  (266*  F.). 

yora^^if  iUcane,  e\,H„,  boiling  at  1 66°— 168'  ( 530°'8— 334°-4  F.)  has 
been  obtained  by  Thorpe  aud  Youug  from  the  mixture  of  hydrocarbons  from 
paraffin  already  refimed  to. 

The  deeame  boiling  at  158"*— 162*  (3l6*-4— 323''-6  F.),  fennd  by  Pelouze 
and  Cahoiirs  in  petroleum,  and  another  compound  boiUng  at  155* — 162' 
— 323°'6  F.),  which  is  formed  by  the  acti(m  of  fuming  hydriodic  acid  on  turpen- 
tine at  275°  (527"  F.),  are  perhaps  isomeric  paraffins.  Diamyl  or  diisuamj/l  ,• 
CH,.CII(CHJ.CH,CII,.C1I^CH  .CH(CHJ.CiI,,  is  a  eolonrlees  oil  of  density 
0770,  which  boBa  at  158°  (316*^*4  F.).  It  is  prepared  in  the  uanal  way  by  the 
notion  of  sodium  on  iaoamylic  iodide.  It  poasesses  an  ethereal  odour  and  burning 
taste,  and  when  gently  heated  with  concentrated  nitric  acid  it  is  violently 
atticked,  yielding;,  besides  suooinio  acid,  a  liquid  which  containa  variooB  volatile 
adds  of  the  acetic  series. 

IV  oonponndi  £nwi  to  C„H^  have  ban  obtuaad  from  petrolenm, 
bat  have,  aa  yet,  been  bat  uttla  aiamined.  Jformal  dodtoamt  C^,H^,  boiling 
at  202*^  (395^*6  ^•)>  >B  formed  by  the  aetion  of  sodium  on  normal  hexylic  iodide^ 
and  also  during  th<^  olectroly.His  of  potiissic  cenanthate,  C,H,j.C(X)K.  Palmitane, 
the  normul  hecradrranc,  C^^lij^,  or  CHj.(CH.,),^.CHj|,  has  been  prepared  from 
normal  o<'tylic  iodide.  It  crystallizes  in  white  glistening  scales,  aud  melts  at 
ai'  (69°-8  F.).   It  boila  at  278'  (532%  F.). 

(1164)  Paraffin. — The  higher  members  of  the  paraflRn  series, 
containing  more  than  16  atoms  of  carbon,  are  solid  at  the 
ordinary  temperature,  and  constitute  commercial  "  paraflSn/'  now 
ao  largely  used  in  the  manufacture  of  candles ;  it  is  not  im- 
probable, howerer,  that  memben  of  the  olefine  aeries  are  lome- 
tiiDes  present  in  tbia  miiture.  • 

The  following  account  of  the  production  of  paraffin  on  the 
large  scale  is  from  a  lecture  (Dec.  1872)  by  Mr.  F.  Fieki9F.Br.S : 
— ^"Although  discovered  by  Reichenbach  in  1830,  who  extracted 
it  from  the  tar  obtained  bj  the  dry  distillation  of  beech  wood. 
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paraffin  long  remained  a  cbemical  curiooitj.  It  was  subsequently 
obtained  from  vegetable  oil^  from  animal  substances,  from  pit 
coal,  and  from  sbale,  but  always  in  small  quantities ;  and  it  was 
not  until  tbe  year  1847  tbat  it  really  became  an  article  of  com- 
merce. In  tbat  year  the  attention  of  Mr.  James  Tonng  was 
directed  by  Dr.  Lyon  Flayfair  to  a  dark  liquid  oozing  from 
cracks  in  the  roof  of  a  coal  mine  near  Alfreton,  in  Derbysliire, 
ami  (m  distilliug  this  oil  the  distillate  was  observed  to  contain 
brijjfht  crystal  I  iuc  specks,  which  proved  to  be  })araftin.  The 
mamifacturc  of  illuminating  oil,  luul  of  paraffin  from  this  source, 
was  carried  on  by  Mr.  Young  until  the  supply  was  exhausted. 
He  was  thus  induced  to  enter  upon  a  series  of  experiments  which 
resulted  in  the  discovery  that  paraiHn  was  obtainable  by  dis- 
tillation of  all  bituminuus  coals,  and  in  1850  he  secured  his 
cclel)r;itL'(l  patent  for  the  manurai  tiiri'  of  {)araffin.  The  nuiterial 
lie  employed  was  known  as  T(jrl)ane-hiU  mineral^  a  highly  bitu- 
minous shale,  which  gave  on  distillation  about  120  gallons  of  oil 
per  ton  ;  this  has  recently  become  exhausted  and  now  shales^ 
yielding  from  15  to  35  gallons  of  oil  per  ton,  according  to  quality, 
are  made  use  of.  An  idea  of  the  importance  to  which  the 
manufacture  has  attained  will  be  formed  when  it  is  stated  that 
in  Scotland  alone  there  are  now  ^<S  oil  works,  which  together 
consume  about  782,000  tons  of  shale  annually,  and  produce 
about  21,840,000  gallons  of  crude  oil,  which  yields  in  round 
numbers  about  10,000,000  gallons  of  burning  oil,  5000  tons 
of  paraffin,  and  as  by-product  about  600  tons  of  sulphate  of 
ammonia. 

The  shale  is  heated  to  low  redness,  usually  in  large  iron 
retorts ;  a  considerable  quantity  of  inflammable  gas  is  given  off^ 
and  more  or  less  water  passes  over  together  with  the  oil.  The 
crude  oil  thus  obtained  is  separated  from  the  water,  and  sub- 
mitted to  distillation  in  iron  retorts.  The  first  portion  which 
passes  over  is  tedinically  known  as  spirit  or  naphtha  ;  the  next 
portion  collected,  of  higher  boiling  point,  is  the  crude  burning 
oil ;  this  is  followed  by  an  oil  of  a  still  higher  boiling  point, 
used  for  lubricating  machinery;  and  finally  the  solid  or  ncarly 
solid  paraffin  distils  over,  whilst  a  carbonaceous  residue  remains 
in  the  retort.  The  naphtha  and  burning  oil  are  purified  by 
successive  treatment  with  strong  sulphuric  acid  and  soda  solution 
and  subsequent  distillation,  and  are  then  obtained  as  coloui'iess^ 
strongly  refracting,  mobile  liquids. 

"  A  variety  of  processes  arc  employed  to  remove  the  oil 
which  still  adheres  to  the  crude  paraG^^  and  to  render  it  colour- 
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lev.  In  tome  itoAm  it  is  pressed  in  powerful  presses — at  first 
in  the  cold  and  afterwards  at  a  gentle  heat,  then  mixed  with 
naphtha  and  repressed,  this  operation  being  repeated  seyeral 
times ;  finally,  it  is  dissolved  in  naphtha,  and  the  solution  filtered 
through  animal  charcoal ;  on  distilling  off  the  spirit  the  paraffin 
Is  obtained  in  the  form  of  a  white  mass.  By  another  process, 
invented  by  Mr.  Sterry,  the  separation  of  the  oil  firom  the 
paraffin  is  effected  by  centrifugal  force.  By  a  process  recently 
invented  by  Mr.  Fordred,  the  purification  is  accomplished  entirely 
"without  the  use  of  naphtha,  and  the  manufacture  thus  rendered 
less  (hiiigerous.  The  crude  }):iratliii  is  first  kneaded  in  bags  by 
machinery  in  a  warm  alkaline  liquid  ;  it  is  then  submitted  to  the 
action  fii'st  of  suljihurie  acid  and  then  of  soda  solution,  aud 
finally  it  is  heated  to  iio^  (230°  F.),  aud  a  quantity  of  fullers' 
earth  added,  and  mcU  starred  up  with  the  molten  paraffin  ;  this 
absorbs  all  the  colouring  matter,  aud  reuders  the  paratiiu  as 
white  as  snow." 

Messrs.  F.  Field  and  A.  Smith  Iiave  since  introduced  artifi- 
tially  prepared  magnc^ic  silicate,  as  a  substitute  for  fullers'  earth.  ' 

The  mixture  of  hydrocarbons  thus  obtained  is  colourless  and 
beautifully  trau.slucent,  melting  at  temperatures  varying  from  40° 
to  60°  (104°  to  140°  F.),  according  to  the  source  from  which  it 
was  derived.  It  is  insoluble  in  water,  but  soluble  in  boiling 
alcohol  to  the  extent  of  about  3*5  per  cent,  of  its  weight,  sepa- 
rating out  in  p*eat  part  on  cooling  in  crystalline  plates.  It 
is  readily  soluble  in  ether,  bensene,  oil  of  turpentine,  and 
carbonic  bisulphide,  but  its  solubility  deereases  Tery  rapidly  with 
the  rise  in  melting  point.  Cold  olive  oil  diBsolves  it  sparingly, 
but  freely  when  heated  with  it.  Paraffin  is  an  excellent  insulator 
of  electricity.  It  does  not  dissolre  camphor,  naphthalene,  or 
pitch,  when  fused  with  them,  but  may  readily  be  mixed  with 
stearin,  spermaceti,  bees'  wax,  and  common  resin.  It  bums  with 
a  bright  smokeless  flame,  candles  made  of  it  being  as  good-  as 
those  of  the  finest  wax. 

Tlie  paraffin  isolated  by  Beichenbach  from  wood-tar  and 
particularly  from  beech-tar  comes  over  during  the  last  stages  of 
the  distillation  when  the  crude  tar  is  rectified.  At  ordinary 
temperatures  beech-wood  i)araffin  is  a  hard  crystalline  white  sub- 
stance, without  either  taste  or  odour,  of  sp.  gr.  0  87,  somewhat 
brittle,  and  resembling  spermaceti  both  to  the  touch  aud  in  ap- 
pearance. It  fuses  at  43*^8  C.  [iio'-j  F.)  to  a  colourless  oily 
liquid,  which  remains  transparent  after  aolidilication,  and  at  a 
higher  heat  may  be  distilled  unchanged* 
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Paraffin  u  not  altered  bj  alkalies^  neitiier  k  it  appredaUj 
acted  upon  eren  hy  the  strongeat  anlphiiric  addj  unless  at  Tery 

high  temperatures.  Sealed  up  in  tubes  with  hydrochloric  acid 
fjas,  and  heated  to  temperatures  varying  from  50° — loo'^ 
{122^ — 212°  F.)  it  undergoes  no  change  of  melting  point,  and 
absorbs  none  of  tlic  gas.  An  aqueous  solution  of  hydrochloric 
acid  is  also  without  effect.  When  licated  or  exposed  to  sunlight 
in  contact  with  bromine  and  water  it  becomes  soft  at  the  same 
time  tliat  the  bromine  disappears ;  however,  all  the  bromine 
which  enters  into  the  paraffin  does  so  by  replacing  hydrogen, 
none  combining  directly  (Gill  and  Meuscl).  Chlorine  acts 
similarly.  Paraffin  is  not  affected  by  hypochlorous  acid.  Ac- 
cording to  Gill  a]id  Meusel  {Chem.  Soc.  Jovm.,  186S,  466), 
when  paraffin  melting  at  about  60°  (140°  F.)  is  boiled  with  a 
mixture  of  potassic  dichromate  and  sulphuric  acidj  it  ii  gradually 
oxidised  :  a  nnmber  of  acids  of  the  acetic  scries  are  produced^  and 
amongst  others  ceroHe  add,  C^^H^O,.  Dilute  nitric  add  gives  a 
similar  result,  but  adds  of  the  sucdnic  aeries,  such  aa  aoccinic 
and  anchoic  acid,  are  also  formed.  The  production  of  cenixe 
add  from  paraffin  by  oxidation  is  of  considerable  importance,  as 
it  indicates  tiie  presence  in  that  •abatanoe  of  a  hydrocarbon  con- 
tainuig  at  least  27  atoms  of  carbon. 

By  heating  paraffin  for  sixty  hours  at  90°  (194^  F.)  with  a 
mixture  of  strong  nitric  and  anlphnric  add.  Champion  (Gniyrf. 
rend.,  Ixxnr.  1 5J5)  obtained  a  yellow  oil  to  which  he  gi?ea  the 
formula  C^fi^^'SfiiQ. 

According  to  recent  experiments  of  Ponchet  (CoMjp/.  rmd,, 
lxxix.320)  paraffin,  when  oxidised  by  gently  heating  it  with  faming 
nitric  add,  yields,  besides  lower  adds  of  the  acetic  series  and  their 
nitration  prlodncts,  a  new  add  which  he  terms  paroffime  acid  : 
Cg^H^Og.  It  crystallizes  lirom  alcohol  and  ether  in  grains,  or  on 
slow  evaporation,  in  glistening  plates,  melting  at  45° — 47°;  it  is  a 
very  unstable  body,  being  easily  altered  by  oxidizing  agents,  and 
docs  not  appear  to  exhibit  the  properties  which  characterize  the 
higher  acids  of  the  acetic  series,  although  by  composition  it  is  a 
member  of  that  series.  Pouchet  did  not  observe  the  formation 
of  cerotic  acid. 

Thorpe  and  Young  [Boy.  Soc.  Proc,  1873,  184)  have  shown 
that  when  paraffin  is  exposed  to  a  high  temperature  in  a  closed 
vessel  it  is  almost  completely  resolved,  with  the  evolution  of  but 
little  gas,  into  hydrocarbons  which  remain  liquid  at  the  ordinary 
temperature.  This  transformation  may  easily  be  effected  on  the 
small  scale.    A  few  grains  of  ordinaiy  paraffin  are  sealed  np  ia 
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a  piece  of  stnmg  combustion-tubing  bent  in  ihe  form  of  the 
lett^  V  j  the  tube  is  securely  surrounded  by  stout  wire  gauze, 
and  the  limb  containing  the  paraffin  is  gently  heated  along  its 
entire  lenjjth  in  a  gas  combustion  furnace.  If  the  heat  is  pro- 
perly regulated,  the  paraffin  distils  over  rapidly  and  solidifies  in 
the  cold  portion  of  the  tube.  The  gas  Hames  are  then  turned 
down,  the  tube  reversed,  and  the  paraffin  again  distilled.  After 
a  very  few  repetitions  of  this  process,  the  paraffin  acquires  the 
consistence  of  butter,  and  the  warmth  of  the  hand  is  sufficient  to 
liquefy  it,  whilst  after  about  a  dozen  distillations  it  remains  per- 
manently liquid. 

The  mixture  of  hydrocarbons  thus  obtained,  commences  to 
boil  at  about  18°  (64°'4  F.),  but  the  greater  portion  boils  between 
aoo**  and  300°  (392° — 572°  F.).  Thus  3J  kilograms  of  solid 
paraffin  melting  at  46*^  (114^'^  1^  )  gave  about  4  litres  of  liquid 
hydrocarbons^  of  which  on  distillation,  0*3  litres  passed  over  below 
iOQ°  F.),  1  litre  between  100°  and  200°  (a  12^  and  392^  P.), 
and  27  litres  at  200°— 300°  (392**— 572**  P.) ;  a  considerable 
qaanti^  of  solid  substance  (unaltered  paraffin)  remaining  in  the 
retort. 

The  paraffin,  hj  this  means,  is  split  up  into  a  mixture  of  lower 
paraffins  and  hydrocarbons  of  the  CJJ^  or  olefine  Bcries,  Thus 
from  the  fraction  below  100^,  Thorpe  and  Toung  isolated  the  fol- 
lowing bodies : 


Paraflnti  C>Htn +t. 

Pentane  .  .  C^H^ 
Hexane.  .  .  C,Hj^ 
H-ptane    .    .  C\ll„ 


OleflBWi  ChFg*. 

Pentvlene  .    .  Cjr 


Hexylene  .    .  C,1I„ 
The  fraction  100° — 2co°  (212° — 392°  F.)  yielded  : 

Olefinci:  r,iH,n. 
Hexylene  .    .  C,II„ 
Heptylens  ,    .  C,H,^ 
Octylene  •    .  C,H„ 
Nonyleae  .  . 
Decyleno   .    .  C,„H^ 

Undecjiene  . 


Paraffins:  CuH,n+,. 

Hexane  .  •  C^Hj^ 

Heptiino  .  .  C,H„ 

Oetons  .  •  .  C^, 

Nonsns  •  .  C,H^ 

BecMM ,  .  .  C\^H^ 

TTndecane  .  .  C,jH„ 


The  fraction  200° — ^300°  (392° — 572°  F.)  was  proved  to  be  a  mix- 
ture of  still  higher  paraffins  and  olefincs. 

The  portions  of  lower  boiling-point  appear  to  be  mixtures  of 
paraffins  and  olefines  in  equal  proportions,  that  is  to  sajr  they  con- 
tain equal  numbers  of  molecules  of  corresponding  paraffins  and 
olefincs,  but  the  proportion  of  paraffin  to  olefine  in  the  several 
mixtures  was  observed  to  become  gradually  larger  as  the  molecular 
weight  increased.  The  paraffins  obtained  belong  to  the  seiLcs 
of  so-called  '  normal  paraffins/ 
3  L 
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BITUIIIN^  ASPHALT,  AND  PBTftOLBUM 


(1165)  Bitumen,  Afiphalf,  and  Petroleum. — Deposits  of  these  substance* 
are  fouixi  in  various  localities,  as,  lur  example,  ut  Trinidad,  at  Zante,  and  ia 
some  parUi  of  the  north  of  Italy,  and  also  on  the  borders  of  the  Caiipiao  Sea, 
wbere  petrolenm  oecurs  in  beds  of  narl  abovo  eoal  meaanm.  Fetnlenm  is 
likewise  abundant  at  Rangoon,  and  in  several  other  lucalitieK  of  the  kingtlom  of 
Barmah,  where  the  naphtha  ii»  obtaiiu  il  I'tom  a  pale  blue  clay,  soaked  with  oil, 
which  resti*  upon  roofini,'  hlate,  beneatli  whicli  is  coal  containing  much  pyrites. 
The  petroleum  {petri  oleums  rock  uii)  Iroin  the  last-tianied  locality  han  been 
made  the  sobject  of  examinatimi  by  De  la  Bue  and  Hugo  Mailer  {Proc.  Soy. 
Soe,,  Tiii.  23 1).  It  ia  obtained  by  ainkiug  walla  aboot  60  feet  deep,  in  vhich 
the  liquid  is  collected -as  it  oozes  from  the  soil.  At  common  temperatures  it 
has  tlie  consistence  of  goose  fat ;  it  is  lii^litcr  than  water,  and  luiii  usually  a 
greenish-brown  colour;  it  has  aUo  a  blitjht,  pct-uiiar,  but  not  unpleasant  odour. 
It  is  composed  alniut»t  entirely  of  rulutile  contitit ueuts,  about  II  per  cent,  uf 
wbiob  eone  off  below  100^  (a  12*  F.).  The  fixed  residue  does  not  anuinnt  to 
more  than  4  per  cent,  if  it  be  distilled  in  a  earrent  of  saperhewted  ateam.  Abont 
10  or  II  per  cent,  of  the  volatile  matters  con.-»ist  of  a  bt>dy  which  is  solid 
at  ordinary  temperatures,  but  fusible  at  65°  ( 1 49^^  F.)  (paraffin).  When  the 
liquid  portion  is  agitated  with  sulphuric  acid,  some  of  its  constituents  enter  into 
combination  with  the  acid,  but  the  greater  part  remains  unalU  red  by  this  agent. 
In  the  portion  whieb  combines  with  the  aeidi  bensene,  toluene,  xylpn^  and 
onmene  ^ve  been  identified,  and  there  are  also  several  basic  Hubetanora  whidi  hava 
not,  as yett  been eomirfetely  examined.  Tlu-  liquid  from  which  the  hydrucarbous 
of  the  benzene  serien  have  been  removed  by  the  action  of  sulphuric  acid,  after 
being  rectified,  constitutes  rock  oil,  or  mineral  naphtha  ;  this  liquid  require* 
about  eight  times  its  bulk  of  alcohol  for  solution,  but  is  iiuluble  in  all  propor- 
tiona  in  ether  and  in  the  volatile  oile.  Hot  naphtha  diaeoWea  phosphorua  and 
aulphur,  but  depoeite  the  greater  portion  of  these  bodies  on  coding.  It  alao 
,di3^olves  caoutchouc,  camphor,  and  fatty  and  resinous  bodies  generally.  "Warren 
and  Storer  {Memoirs  of  (he  Ameriran  Academy,  1866,  ix,  208)  have  iaolatiKi 
from  it  a  number  of  hydrocarbons  which  they  regarded  aa  members  of  the  oletioa 
Eeries,  viz. : 

B.  P.  (Cent.)  Sp.  Gr. 

Decylene  or  Rutylene  .  .  .  about  175"  ...  '823  ut  o**  ...  C^^H^ 
Endecjicne  or  Margarylcne  .     „    195"    ...    '839  at       ...  C„H„ 

Dodecylene  »   a  15*    ...    •854«*o*   ...  %^t* 

Tridecylene  „   ajs*   ...   -844  at  o*   ...  Cj£^ 

Judging,  however,  from  the  boiling-pointa  and  spectfio  gravities  of  tfaeae  eom* 
pountbi  it  is  more  probable  that  they  are  paraffins  contaminated  with  hydro* 
carbonM  of  the  C„Hj„_,.  or  benzene  seriex.  They  also  found  small  qnantities 
of  naphthalene  among  the  constituents  of  Rangoon  ix  troleum.  Pelouze  and 
C'ahours  {Ann.  Chim.  Phj/g.  [4],  i.  5)  have  published  an  account  of  their  re- 
•earcbea  on  American  petrolenm,  and  it  haa  aince  been  carefully  inveat^aied  \gj 
Schorlemmer.  The  oil-wells  of  Pennsylvania  are  worked  by  boring  into  the  oil- 
bearing  strata  to  a  depth  of  from  50  to  500  feet,  and  a  mixture  of  oil  and  watur 
is  raised  to  the  nurface,  usually  by  juimping  ;  sometitnes  the  oil  overflows  from 
the  boring.  There  is  one  of  these  wells  which  yields  more  than  7000  galUma 
of  petroleum  a  day. 

Four  products  are  (Vimiahed  for  ide  from  theae  oils:  lat  A  naphtha,  Qi«d 
extensively  as  a  solvent  instead  of  oil  of  turpentine;  2nd.  A  heavier  and  le^ts 
volatile  oil,  suitable  for  illuminating  purposes  ;  3rd.  A  lubricating  oil,  used  for 
machinery ;  and  4th.  A  atili  heavier  oil,  need  for  adulterating  vegetable  oik» 
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TImm  oib  are  ibniuhedl  hj  the  KmatloiM  rooks  of  the  SiluriMi  and  Devoniaii 

Ibrmatioiis. 

The  bulk  of  these  oils  consiatsof  a  mixture  of  various  members  of  the  paraffin 
8eri»'s.  iiu-luiin^  thirteen  different  compounds — Tetrane,  heiiis^  the  lowest 

term  of  the  series,  and  heiadecaneor  palinitane,  0^,11^^,  the  highest  ai»^et  isolated; 
tiM  moft  abandnit  of  then  wmpoanda  ia  hcsaue,  C^H^^  and  the  nextm  amoant 
heptane,  C^„. 

In  Canada  also  vast  quantities  of  petroleum  have  been  obtained,  many  of  the 
oil-wellit  yielding  600  gallons  of  oil  per  day.  Accordini;^  to  Sterry  Hunt  this 
oil  comes*  from  the  carboniferous  limestone  which  crops  out  at  Port  Erie,  and 
eromes  the  ooantry  to  Lake  Huron,  being  in  parts  overlaid  by  a  thick  bed  of 
ahale  of  the  Hamiltoii  group. 

Asphall  is  the  term  given  to  solid  bitumen.  The  bitumens  dUbr  in  the 
facility  with  which  they  are  attacked  by  solvents.  Generally  they  contain  but 
little  of  any  matter  soluble  in  alcohol,  but  most  of  them  are  dissolved  in  great 
part  by  ether,  and  by  oil  of  turpentine.  When  distilled  they  yield  substaucca 
which  resemble  the  paralBBn  oils  in  properties  and  consistence. 

Haloid  IkrivaUves  of  the  Paraffim, 

(1166)  The  action  of  cblorine  oonTerts  the  paraffins  into 
chlorinated  derivatives,  one  or  more  atoms  of  hydrogen  being 
displaced  by  an  equivalent  quantity  of  the  halogen.  Bromine  in 
most  casev  attacks  them  in  a  similarj  although  less  energetic 
manner,  whilst  iodine  appears  to  have  no  action. 

In  the  preparation  of  the  monocblorinated  paraflfins,  higher 
substituted  derivatives  are  always  formed  at  the  same  time,  even 
■when  the  pn^purtions  of  chlorine  and  hydrocarbon  employed 
are  exactly  those  required  by  the  equation : 

CnH^^t  +  a,  «  C,H^H.iCl  +  HQ. 

Thus,  when  a  mixture  of  equal  volumes  of  chlorine  and  methane 
is  exposed  to  diflused  daylifjht,  besides  monochloromethane,  CH^Cl, 
more  or  less  dichlorometliane,  ClljClg,  trichloromcthane,  CUCl,, 
aud  tctrachloronicthanej  CCl^,  are  always  formed,  accordiug  to 
the  conditions  of  the  experiment,  whilst  a  certain  quantity  of  the 
methane  remains  unattacked.  St-liorloninKT,  however,  lias  pointed 
oat  that  in  the  case  of  the  liquid  parathiis^  the  formation  of  higher 
snbstitated  derivatives  may  be  almost  entirely  avoided  by  acting 
on  the  vapour  of  the  boiling  hydrocarbon  {Ann,  Chem.  Pharm,, 
clxi.  263).  The  monocblorinated  paraffin,  being  less  volatile  than 
the  hydrocarbon  itself,  becomes  in  great  part  condensed  at  the 
moment  of  formation,  and  is  thus  removed  £rom  the  sphere  of 
action. 

(1167)  The  pure  mono-haloid  derivatives  of  the  paraffins  are 
most  convenienUy  prepared  from  the  corresponding  monohydric 
alcohols  of  the  C^Hss+i-OH  or  ethylic  series,  by  the  action  of 
the  haloid  phosphoros  compounds,  or  haloid  acids;  thus: 

r 
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3Cjf,„,,.OH    +   PCI3   =   S^nH^n  +  lCl     +  PO3H,. 

3C\ii.,()ii   +  PCI,  =  sc.n.ci     +  po,u,. 

liutjlic  oloohoL  C'hiorotetrane  or 

buljllBflkloiidib 

C„H,„^,.OH  +  HBr  =  CJI^.^^Br     +  OH,. 
C3H7.OH    +  HBr  =  C,H,Br        +  OU,. 

PropjrHo  alcohoL  Bramnpropaat  or 

CnH2„^,.0II     +  HI    =  C,H,,^,1      +  OH,. 
C,H„.OH       +  UI    =    C,H„I       +  OHg. 

Hculto  ilnhol.  lodobeime  or 

beiylio  lodida. 

Mono-lialoid  derivatives  of  the  paraffins  are  also  produced  by 
the  combination  of  the  haloid  acida  with  the  olefinea  or  hydro- 
carbons of  the  C^Uin  series : 

C„H,„  +  HBr  =  C„H2,^,Br. 
CgH^    +  UBr  =  CjII^Br. 

PropjlMM.  BroBopiojMiw. 

Pure  di-derivatives  of  the  paraflBns  are  obtained  Ijj  combimng 
the  olefines  with  the  halogens  : 

C^U^  +  Br,  =  C.Hg^Br,. 

The  compounds  thus  produced  are  in  some  cases  identical 
with  those  obtained  by  the  action  of  the  halogens  on  the  isologous 
paraffins  yielding  the  olefines  ciiiployc-d,  aud  in  others  merely 
isomeric :  thus  the  dichlorethaue,  C^H^C]^,  formed  by  the  action 

of  chlorine  on  ethane,  is  isomeric  with  the  body  produced  by  the 

t  on]biL::itioii  ol  t  hlorine  with  ethylene,  C^H^  ;  wliilst  the  dichloro- 
jjropauo,  C.jllgCl,,,  prepared  from  propaiu^  is  identical  with  tiic 
compound  obtained  by  the  direct  imiou  of  clilorine  with  pro- 
pylene, CjHg. 

T\\c  formation  of  the  higher  chlorinated  derivatives  of  the 
paraffins  is  much  facilitated  by  allowinj^  tlie  aetiuu  to  take  plate 
in  sunlight,  or  in  I'lescnee  of  iodine  or  antimnnie  pentaehloride : 
excepting  those  deiivcd  from  metliaiie  and  ethane,  however,  thcr 
have  been  but  I  ttic  studied,  so  that  we  are  not  at  present  aware 
to  what  extent  it  is  po.<sibie  to  displace  hydrugea  by  chlorine  in 
the  more  complex  paraffins. 

The  majority  of  the  haloid  derivatives  are  colourless  liquids, 
insoluble  in  water ;  a  few  are  crystalliue  solids :  they  all  possess 
more  or  leas  characteristic  odours. 
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According  to  Schorlemmer'fl  observations  {Ami.  Chem.  Pharm., 
dxi.  263)  the  normal  primary  paraflSns,  with  the  exception  of 
methane  and  ethane,  yield,  two  isomeric  monochloro-dcrivativcs 
when  acted  opon  by  diloriney  one  of  which  is  con?ertibl0  into 
a  normal  primaiy,  the  other  into  a  normal  secondary  alcohol  of 
the  C^H|n^|.OH  or  ethylic  series.  We  know  bnt  little  of  the 
beharioar  of  the  hydrocarbons  isomeric  with  the  normal  primary 
paraffins  when  treated  with  chlorine,  although  there  is  reason  to 
aappose  that  many  of  them  are  acted  on  in  a  manner  similar  to 
the  latter:  thus  Schorlemmer  and  Grimshaw  have  shown  (/<mr. 
Chem,  Soe.,  1873,  318)  that  ethffUUoamyl,  a  compound  isomeric 
with  normal  heptane,  CjII^g,  yields  two  isomeric  monochloro- 
deriTatives  nnder  these  circumstances. 

Onr  knowledge  of  the  physical  properties  of  the  mono-haloid 
derivatives  of  the  paraffins,  such  as  their  boiling-points,  ami  sp.  grs. 
in  the  liquid  state,  is  extremely  imperfect,  for  excepting  in  the 
case  of  those  prepared  from  the  lower  terms  of  the  primary 
alcohols  of  the  ethylic  series,  the  compariso!i  has  been  made  with 
very  small  quantitie^i  of  material,  the  purity  of  which,  moreover, 
had  often  not  been  satisfactorily  estal)li.slied.  In  the  following 
tabic  (p.  130)  the  boiling  points  (Centigrade)  and  specific  gravities 
of  the  better-known  mono-haloid  paraffin  derivatives  are  given, 
those  classed  as  a-compounds  being  either  derived  from,  or  con- 
vertible into,  normal  primary  alcohols  of  the  C^Hjq^j.OH  or 
ethylic  series ;  whilst  those  classed  as /3-oom pounds  are  corfespond- 
iagly  related  to  the  normal  i.'iopriman/  alcohols  of  that  series. 

From  an  inspection  of  this  table  it  is  evident  that  the  rela- 
tions between  the  homologous  and  isomeric  mono-haloid  deriya- 
tiyes  of  the  paraffins  are  of  the  same  nature  as  those  which  exist 
amongst  the  paraffins  themselves.  It  will  be  observed  that  the 
difference  in  boiling-point  between  every  two  successive  homo- 
lognes  diminishes  as  the  series  is  ascended,  also  that  the  primary 
or  tt-derivative  has  a  higher  boiling-point,  and  in  most  (probably  in 
all)  instances  a  higher  specific  gravity  than  the  isomeric  /3-deriva- 
tive ;  in  all  cases,  moreover,  where  a  greater  number  of  isomeric 
monohaloid  derivatives  are  known,  a  similar  relation  obtains. 
It  is  a  noteworthy  circumstance,  and  one  which  clearly  illustrates 
the  correlation  undoubtedly  existing  between  the  physical  and 
chemical  properties  of  compounds,  that  as  the  boilinpc-point  and 
8j)ecific  gravity  of  the  successive  terms  in  the  isomeric  scries 
diminish,  the  compounds  become  less  stable  ;  for  exam[)le,  the 
membcrsi  of  lowest  boiliDg-poiut  are  split  up  with  comparative 
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ease  (in  acme  cases  e?en  hj  simply  heating  to  a  moderate  degree) 
into  the  olefine  and  haloid  acid^  thns : 

C„H^^,I    «    C„H^     +  HI; 
C.HjJ      =    aH,o     +  HI; 

lodopantaiM  Ihnn  Pentena  or 

fl  ■inyl<M  Midhydflodte  idd.  nagrtou*. 

whikt  ihoae  of  highest  boiling-point  are  hx  less  readily  decom- 
posed. Moreover,  the  haloid  denYatifes  of  high  boiling-point 
enter  into  double  decomposition  less  readily  than  their  isome* 
rides  of  lower  boiling-point,  a  liigher  temperature,  or  more  pro- 
longed contact  between  the  substances  being  required  to  effect 
the  chemical  change. 


••Compounda. 

^-CompoaiuU. 

Fomwii 

B.P. 

OfeMtWa 

a  P. 

Spaoifla  QniritF> 

OHgd. 

• 

• 

—  St 

• 

C,HuCL 

i 

• 

la'iS 
46'Se 

77-  96 

78-  30 

"ri$ 

^tfst  8** 
•895  at  19° 
i9i|i*«^'S9t  at  1^*75 

•Rq7  *»  m' 
•907  At  0"  'bti-j  at  ao' 

Unnemann  * 

»» 

Pierre- 

PlK-hotf 

Liiiiii'uiann. 
Li(!b(.'a4 

M 

68-S 
69  0 
IM 

-floj  ato* 
•SMskflP 

LinnemanB. 
Fiam. 
• 

CHJBt. 

'9 

OtR|Br 
CiB,Br 

C»U,Br 

• 
• 

38-78 

?o-8a 
7050 
73*00 

99-88 
lei'oo 

119*46 

1-468  at  13° -5 
I  357  »t  16° 
I'JSJ  Ifti6* 

t'549  at  0° 

r>99  at  ao° 
I'jes  at  •*  v*n  At  M*> 
t*a4iat«^t'aj|3ai8a^ 

Chapmao  $ 

Pierre. 
Linnemann. 

M 

9e-fo 
sai^ 

i*M|  at.i6o 

i*a49at«P 

tttf  at  iC* 

Liimwnaw 

Ch^HBML 

CH,I  . 

• 

43-8 

a^at«^ 

C.H.l  . 
C.B,l  . 

C«V«I  . 

CiHuI 

• 

7»J4 
tm*i« 
tes'co 

139-83 
130-40 
I|6'i6 

x-944  •»  Mt*S 
I  "747  at  16* 
1-734  »t  I6" 
■-|8o  at  li* 

II 

Chapmoii. 
Linneniinn. 

tao'6i 

ffaSili^S 

1-654  at 

i*|it  ak  11* 

• 

1-645  aid"  I  oijataoP 

Uebeo. 
m 

laa'so 

•  Linnemann,  ^nn.  Chem.  Pharm.,  c\x.  195  ;  clxi.  15,  175$  dxii.  16. 
+  Pierre  and  Puchot,  Ann.  Chtm.  Pharm,  clxiii.  253. 
X  Lieben  and  lioMi,  Ann.  Chem.  Pharm,t  dviiu  137;  Joiw.  pr,  Chem, 
[2].  iii.  455. 

§  Chapman  and  Smith,  Jour.  Ckem,  Soe.,  ml.  t^$t  198. 

The  bdling-pointa  given  hj  Linnemann  are  oorrected  for  the  portion  of  the 
column  of  mercury  in  the  therinonieter  which  was  not  exposed  to  the  vapour  of 
the  boiling  liquid,  ami  are  all  referred  to  the  same  pressure  (760  mm.  of  mercury 
at  0°).  Lieben  and  Roosi's  original  numbers  are  abo  oorrected  for  the  unex- 
posed ineroaiy  oolainn  in  the  tiMrmometer,  and  the  preesnre  at  whiidi  the 
eqperiroent  was  made  is  given ;  in  wder,  therefore,  to  render  their  observations 
comparable  with  Linnemann's,  they  have  been  reduced  by  hia  (bmula  to  the 
aame  preaiure  of  760  mm.  of  mercurjr  at  o^ — 
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(1168)  Hahid  derivatwes  of  Methane, — ^The  foUowing  com* 
plete  tenet  of  haloid  deriTatiTet  of  metbane  has  been  obtained : 


HoDodiloroineChMMi  or  mefchyUc  chloridt .  . 
DiohkiioaMduuie  or  HMtbyWiiie  chlorido  .  . 

C'H,C1 

CH.Br 

CH,I 

CH,C1. 

CH,Br. 

CH,I, 

TrijhloromethMM  or  ohloroform  .... 

CllCl, 

Clllir, 

CHI, 

TttnobkxomeUniM  or  carbonic  tetrachloride . 

CBr, 

CI. 

(1169)  MoMocBLOROMiTBANB,  or  methjfUe  cMoride:  CH3CI 
= jO  5,  it  formed  along  with  other  produett  when  a  mixture  of 
equal  volomet  of  methane  and  chlorine  is  exposed  to  diffnaed 
daylight  j  but  it  it  most  conveniently  prepared  in  a  pure  ttate  hf 
paasing  a  current  of  hydrochloric  acid  into  a  boiling  solution  of 
siucic  chloride  in  twice  its  weight  of  methylic  alcohol,  CII3.OH, 
or  wood-spirit,  when  it  is  giveu  off  as  a  colourless  gas  (Groves, 
Jour.  (  hem.  Soc,  xxvii.  641).  When  passed  into  water  cooled 
below  6°  (42°'8  ¥.),  metbylic  chloride  forms  a  crjstaiUne  hydrate 
(Baeyer). 

(1170)  DicHL(»ROMETHANE,  or  methylemc  chloride  :  CHjCl^ss 
85,  is  formed  together  with  tri-  and  tetrachloromcthaue  by 
acting  upon  mouochloromethaue  with  chlorine  in  bri<;ht  sunshine  ; 
it  may  be  separated  by  fractional  distillation  (Perkin,  Jour. 
Chtm.  Soc,  xxii.  1869,  260).  Perkin  has  also  obtained  it  from  ^ 
trichloromethane  or  chloroform,  CIlCl.^,  by  the  action  of  nascent 
hydrogen;  it  is,  however,  most  advantageously  prepared  by 
treating  diiodoraethane,  CHjlo,  with  chlorine  (Butlerow,  Zeits. 
Chem,,  1869,  276).    It  is  a  colourleat  mobile  liquid,  which  boilt 

at  40*^—42°  (f04*»— lo7°-6  F.) ;  tp.  gr.  1-36  at  0°  (32°  F.). 

(117 1)  TniCBUiBoif ETHANE,  or  chkrofoTm:  CHCJ^s ii9'5.— 
Thit  interetting  compound  it  produced  by  a  variety  of  reaetiona : 

1.  Together  with  tetrachloromethane,  when  chlorine  it  ma^e 
to  act  upon  methane,  chloromethane,  or  dichloromethane. 

3.  During  the  decompoiition  of  the  trichloracetatet  by  the 
alkaline  hydratet : 

CC1,C00K  -f  KHO  =  CCI3H  +  KjCO,. 

PotaMk  IhchlonceUto.  Trichloromethane. 

3.  Also  by  the  action  of  the  alkaline  hydratet  on  trichlor- 
acetic  aldehyde  or  chloral : 

CCI3COH    +    KOH    =    CCI3H    +  IICOOK. 

ChlonU.  Trichloromethane.       PuUtsic  forrnate. 

4.  It  is,  however,  most  economically  obtained  by  acting  upon 
dilute  alcohol  with  chloride  of  lime  (bleaching  powder).  Wood 
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spirit,  acetone,  oil  of  turpentine,  and  many  essential  oils,  likewise 
yield  it  when  treated  with  chloride  of  lime.  Chloroform  is 
readily  procured  in  a  state  of  purity  by  the  following  process : — 
6  parts  of  chloride  of  lime^  24  jMurts  of  water,  and  1  part  of 
alcoholj  are  to  be  mixed  in  a  capecions  still,  and  the  temperatnre 
raised  as  rapidly  as  possible  till  it  reaches  Sa""  (180''  F.}.  The 
distillation  is  then  to  be  continued  until  about  one  and  a  half 
parts  have  passed  over;  the  product,  conswting  chiefly  of  chloro- 
form and  water,  collects  in  two  layers  in  the  receiTcr — 
the  chloroform  constituting  the  lower  layer.  It  should  be 
decanted  from  the  aqueous  portion,  and  agitated  with  sulphuric 
acid  in  order  to  destroy  traces  of  volatile  oils  which  aooom- 
pany  it :  by  another  rectification '  it  is  obtained  in  a  state  of 
purity. 

Chloroform  is  a  colourless,  volatile  liquid,  of  higli  refracting 
power  and  sp.  gr.  i'497.  It  boils  at  61°  (142°  F.).  It  has  a 
powerful  agreeable  ethereal  odour,  and  a  sweet  penetrating  taste. 
Alcohol  and  ether  dissolve  it  in  every  proportion,  hut  it  is  very 
sparingly  soluble  in  water.  Concentrated  sulphuric  aeid  has  no 
action  upon  it,  and  even  potassium  docs  not  occasion  its  decom- 
position. It  is  inflamed  with  difficulty,  and  burns  with  a 
greenish  somewhat  smoky  flame,  producing  hydrochloric  acid  as 
well  as  carbonic  anhydride  and  water.  Bv  admixture  with  an 
alcoholic  solution  of  })otassic  hydrate  it  is  decomposed,  potassic 
chloride  and  formate  being  produced : 

CHCI3  +  4KH0  =  HCO.OK  +  aOH,  +  3KCL 

Cbloroform.  Pot  Mile  fortnat«. 

An  aqueous  solution  of  potassic  hydrate  does  not  produce  this 
change,  owing  to  the  sparing  solubility  of  cbloroform  in  water. 

The  vapour  of  ehlorofimn  possesses  the  remarkable  power  of 
producing  complete  temporary  insensibility  to  pain  in  the  person 
who  has  respired  it.  It  may  be  readily  inhaled  for  this  purpose 
by  placing  a  small  quantity  of  the  liquid  upon  a  sponge  or  a 
handkerohief  which  is  to  be  held  before  the  mouth  and  nostrils : 
it  is  very  generally  employed  for  rendering  patients  insensible 
to  pain  during  severe  surgical  operations. 

It  is  of  great  importance  that  the  chloroform  used  for  this 
purpose  should  be  quite  pure.  In  some  cases,  when  impure,  it 
has  been  found  to  undergo  spontaneous  decomposition  on  ex- 
posure to  a  strong  light.  It  ought  to  communicate  no  colour 
to  sulphuric  acid  when  agitated  with  it.  The  liquid  itself  should 
be  iree  from  colour,  and  destitute  of  any  cliioroufl  odour.  When 
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a  few  drops  are  allowed  to  eyaporate  on  the  haiid^  no  unpleasant 
odour  should  be  left. 

Chlorofonn  freely  dissolves  sulphur,  phosphorus,  and  iodine. 
It  is  also  a  good  solvent  for  fatty  and  resinous  bodies.  No  other 
licjuid  is  so  perfect  a  solvent  for  caoutchone,  which  is  left  un- 
altered by  it  on  eraporation. 

(1172)  TiTEACBLOBOiiisTHANB,  OF  eorbomc  tetrachloride:  CCl^ 
=154. — This  substance  was  obtained  by  Begnanlt  from  wood- 
spirit  and  from  chloioformj  by  exposing  them  in  bright  sunshine 
to  the  action  of  an  excess  of  chlorine.  Kolbe  also  found  that  a 
mixture  of  the  vapour  of  carbonic  bisulphide  and  dry  cUorine, 
when  passed  through  a  red  hot  porcelain  tube  yields  the  same  com- 
pound mixed  with  chloride  of  sulphur :  CS3+3C1,=CC1^+  S^Cl, ; 
it  is  also  obtained  mixed  with  chloride  of  sidphur,  on  pass- 
ing chlorine  into  a  mixture  of  carbonic  bisulphide  and  anti- 
monic  chloride,  or  a  warm  solution  of  iodine  in  the  bisulphide, 
and  may  be  readily  prepared  in  this  manner.  If  the  mixture  be 
distilled  and  the  first  portions  of  the  distillate  agitated  with  a 
solution  of  potassic  or  sodic  hydrate,  the  chloride  of  sulpliur 
is  decomposed,  and  the  tetrachloride  subsides ;  it  may  then 
be  decanted  and  purified  by  distillation.  It  is  a  colourless 
liquid  of  sp.  ^r.  t"  '99,  and  boils  at  78°  (i72°*4  F.)  ;  it  is  insoluble 
in  water,  but  soluble  in  alcohol  and  in  ether  ;  an  alcoholic  solu- 
tion of  potassic  hydrate  decomposes  it  into  })otassic  chloride  and 
ttirbonate  ;  6KH6  +  CCi^=4KCl  +  K2C03-h30H2.  If  its  vapour, 
diluted  with  air,  be  respired  it  exerts  an  anaesthetic  action  on 
the  system.  Tetrachloromethane  becomes  a  crystalline  solid  of 
pearly  lustre,  when  exposed  to  a  temperature  of  about  —23° 
(-'9^  F.).  If  passed  through  red-hot  tubes  it  is  decomposed  into 
free  chlorine  and  a  mixture  of  tetrachlorethykne,  Qfi\^  and 
hexctcMorethane  or  Faraday's  sesquichloride  of  carbon^  C^Clg. 
By  the  action  of  nascent  hydrogen,  tetrachloromethane  may  be 
converted  successively  into  tri-^  di-j  and  monochloromethaney  and 
finally  into  methane  itself. 

(1173)  MoNOBEOMOMBTHAKB,  Of  methylic  bromide :  CH,Br  =  95. — This 
sonpoond  is  formed  bj  ths  sotioo  of  the  brmnides  of  phosphoroa,  nr  of  hydro- 
bromio  add,  on  SBothylio  slooliol ;  it  is  a  ooloiirloBB  liquid  whioh  boils  st  13* 

(S5'-4  F  ). 

DiBituMOMETnANB,  OT  methylenir  bromide:  CH,Br,  =  174,  is  produced 
on  heating  ujonobroiiioinethane  with  bromine  in  sealed  tubes  for  3 — 4  hours  at 
about  250'  (4^2°  F.)  (Steiner,  DetU.  chem.  Get.  JJer.t  vii.  507) ;  and  aim) 
by  the  icCioii  of  branine  on  di-  sod  tri-iodoaMtbsno.   It  boik  st  80** — 
(176"— 179»-6  R);  op.  gr.  a  084  st  ii's  (ss'-y  F.). 

TBiBBOVOMETHANe,  Of  hromoform  :  CHBr,M353. —  This  compound  is 
ebtsinsd  on  besting  btomomethsne  with  the  raqoisite  qusntity  of  bromine  at 
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2^o*  (482'  F.)  (Sfceiner) ;  also  by  the  decompoRitlon  of  bromal,  C,HBr,0,  bj 
alkalis;  and  ou  distilling  ulcuhul  with  bromide  of  lime.    It  boils  at  150 
F.),  but  is  at  the  same  time  partially  decompo.-sed ;  its  sp.  gr.  is  2'g. 

TBTJiABUoiiOMiiTHAKE,  Of  i  ttrhonic  leirabromtde  :  CBr^«332. — Carbonic 
tetfsbiinDide  u  foriMd  on  hMttiug  brom^bnn  or  earbooio  hiwilphiiie  with  eicen 
of  bKomiMp  in  tba  proMiioe  of  iodine  or  ■ntinumio  bromide,  finr  eevend  boon  aA 
150*  (303"  F.)  in  sealed  tubeA.  It  ia  most  readily  obtaiDed,  liowever,  hj 
decomposing  bromopicrin,  CHr,(NO,),  by  heat.  It  crystallizes  in  white  lustrous 
plates,  which  melt  at  91°  (i95°'8  F.) ;  it  boils  at  iSc/'^  (SH^'i  F.),  but 
when  distilled  under  the  ordinary  prei»8ure  undergoea  slight  decompositiou. 
Cwbonio  tetntbromide  has  an  ethereal  odour  and  sweetiak  tsatt;  it  is  Toiy 
eolnUa  in  hot  abohol,  ether,  and  earbonio  disnlphida.  (Bolaa  and  Groves,  Jbiv. 
Ck§m»  Son.,  i370,3uiiL  161 ;  187 1,  xxW.  773.) 

(l  1 74)  lODOMETHANB,  or  methylic  iodide  :  CH,I  =142,  if  best  prepared  by 
gradually  addmg  7  parts  of  amorphous  phosphorus  to  a  mixture  of  1 00  of 
iodine  and  50  of  methylic  alcohol  contained  in  a  retort  or  Uaak  immer>ed  in  cold 
water  and  oonneeted  with  a  eondenser.  The  product  ia  diatilled,  agitated  with 
water,  then,  after  separation  Irom  tho  ktter,  dried  over  oaleie  ehloride,  and 
finally  rectified.  It  ia  a  ooiourless  mobile  liquid,  of  peeuliar  ethereal  odour,  in> 
soluble  ill  water,  boiling  at  42°  (io7°  C  F.),  and  has  a  sp.gr.  of  2*2  at  0°  (32°  F.). 

DiiODOMETUANE,  or  mtt/ii/ienic  iodide  :  CHJ.=  268. —  This  compound  ia 
formed  ou  boiling  lodoiorm  wilh  an  aqueous  boluiiou  ot  potai>sic  hydrate  and  a 
little  alcohol,  and  cornea  over  with  the  aqucooa  vapour.  It  is  also  prodooed  faj 
beating  iodoform  with  hydriodio  aoid  (Lieben) :  CHI,  HI «  CU^  ^ 
beat  method  of  preparation,  however,  ia  that  of  Baeyer  {Deut.  ekem,  Gt9, 
Mer.,  V.  1095),  digests  the  iodolbrm  with  aqueous  hydriodic  acid,  adding 
phosphorus  in  small  pieces  from  time  to  time.  When  pure  it  is  a  colourleiM 
liquid,  which,  however,  rapidly  becomes  yellow.  It  boila  at  181^  (357°  8  F.).  and 
aolidifies  at  (3  2"*  F.)  to  aoobarlees  oiyatalline  mass  which  melte  at  6"  (42**-8  F.) ; 
its  sp.  gr.  at  5*  (41'  F.)  is  3*34a. 

TailonoMETUAXB,  or /(;(/<2/(/;-m  ;  CHI,  93394. — Iodoform  is  a  product  of 
the  action  ol'  iodine  in  presence  of  potassic  or  sodic  hydrate  or  carbonate  on 
ethylio  alcohol,  aldehyde,  acetone,  and  many  other  substances.  According  to 
Lichen,  however,  who  haa  examined  the  behaviour  of  various  bodies  with  iodine 
and  potaaaic  hydrate  {Ana.  Ckm,  Pkarm,  Sup.,  7,  281),  methylic  akohol  does 
not  yield  iodoform.  To  prepare  it,  I  pt»  of  aloohol  is  added  to  a  solution  of  2  pts. 
crystallized  sodic  carbonate  in  10  pta.  water,  and  the  liquid  heated  to  Oo'*  or  80% 
(140" — 176**  F.) ;  I  pt.  of  iodine  is  then  added  by  small  portions  till  it  is  entirely 
dissolved,  and  the  liquid  ha.s  become  colourle.ss.  Towaids  the  end  of  the  opera- 
tion the  iodotbrm  makea  ita  appearance,  and  is  separated  by  filtration.  Tha 
filtrate  is  then  again  heated  to  60**— So**  (140°— 176^  F.);  another  portion  of 
sodic  carhouate,  equal  to  the  former,  is  dissolved  in  it ;  a  fresh  portion  of  alcohol  IS 
now  added,  and  a  current  of  clilorine  is  passed  into  the  liquid,  which  ronat  be  con- 
tinually agitated,  80  that  the  iodine  which  separates  may  mix  well  with  it.  Whea 
the  process  is  so  conducted  that  a  slight  excess  of  iodine  is  always  present 
iodoibnn  is  produoed  in  abnndanoe.  When  a  considerable  quantity  haa  been 
depoeitedy  the  stream  ci  ehbrine  is  interrupted,  the  liquid  is  left  to  deoolorise^ 
and  the  iodoform  is  filtered  off ;  after  which  tlie  mother  liquor  may  be  again 
treated  with  chlorine.  Iodoform  has  a  peculiar  odour,  and  crystallizes  in  pale 
yellow  nacreous  scales,  whirh  under  the  microscope  are  seen  to  be  six-sided 
pialea.  it  is  not  perceptibly  soluble  in  water,  but  dissolves  readily  in  alcohol  and 
ether.    It  melta  at  130*  (248**  F.),  and  ia  deoompussd  at  a  higher  tsmperatnra, 

TxTRAioDOMBTHANi,  OT  ear^ofMO  teUiodidB:  CI4S520. — Qastavaoa 
{.^SM.  Cieak  Fkarnh,  ebouL  173),  haa  xaoently  obtained  this  compound 
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ftflding  tetracbloromeUume  to  alaminio  iodide,  A1,I,,  di^solred   in  carbonic 

bisulphide.  It  crystallizes  in  re'»ular  octahedra  of  a  dark  red  colour,  of  sp.  fijT. 
4*32  at  20°-2  (68  -4  F.).  Boiled  with  water  it  yield*  iodoibrm,  and  when 
heated  alone  it  is  decomposed  with  liWrativin  of  iodine. 

(11 75)  Haloid  Derivatives  of  Ethane. — All  the  chloro- 
derivatives  of  this  hydrocarbon  are  known,  but  the  corresponding 
bromine  and  iodine  compounds  have  been>  as  yet>  but  imperfectlj 
examined. 

(1 1 76)  MoNOCHLORETHANX^  01  ethylic  chloride:  C3H5CI  = 
CHj.CHjCl. — Monochlorethane  is  the  first  product  of  the  action 
of  chlorine  in  diffused  daylight  on  ethane  (Schorlemmer,  Proe. 
Roy.  Soc.,  xiii.  225;  Darling,  yotir.  Chem.  Soc,  1868,  xxi.  496);  and 
it  is  also  obtained  by  saturating  ethylic  alcohol  with  hydrochloric 
acid^  and  tben  distilling  the  product  at  a  gentle  heat.  The 
most  advantageous  method  of  preparation^  however,  is  to  pass  a 
current  of  gaseous  hydrochloric  acid  into  a  hoiling  solution  of 
fused  zincic  chloride  in  about  twice  its  weight  of  alcohol.  The 
vapour  of  the  chloride,  after  being  washed  by  water,  is  passed 
into  alcohol,  kept  cool  by  surrounding  it  with  cold  water.  As 
alcohol  at  16**  (60^-8  F.)  dissolves  half  its  weight  of  the  chloride, 
this  solution  may  be  preserved  in  an  ordinary  bottle,  and  the 
chloride  expelled  when  required  by  gently  heating  it ;  after  being 
washed  with  concentrated  sulphuric  acid  it  is  quite  pure.  (Groves, 
Jour.  Chem.  Soc,  1874,  xxvii.  636.)  Monochlorethane  is  readily 
conrlensed  to  a  colourless  mobile  liquid,  of  a  pleasant  ethereal 
odour,  which  boils  at  8  (53°'92  ¥.).  It  burns  with  a  brilliant 
flame  edged  with  green,  and  when  passed  through  a  red-hot  tube, 
it  is  decomposed  into  ethylene  and  hydrochloric  acid  :  C^H.Clrs 
CjlI^-f-HCl.  It  is  sparingly  soluble  in  water;  the  solution 
gives  no  precipitate  with  argentic  nitrate.  When  heated  with 
an  alcoholic  solution  of  })otassic  hydrate  in  a  closed  tube  at  100 
(212°  F.),  it  is  converted  into  ethylic  ether  :  2CJ15.C1 -I- 2K 110  = 
(CjH^20  +  2KCl-|-OH2  (Balard);  but  if  the  vapour  be  passed 
over  heated  potassic  hydrate,  ethylene  is  obtained ;  CgUgCl+ KHO 

DicnLOBBTHAVB :  C,H^C1,  =  99. — Two  isomeric  dichlorethanes  are  Icnown : 

tk-dicklorethane,  or  eflii/lenir  chloride,  obtained  by  conibiuinji^  ethylene,  C,H^, 
with  chlorine  fr/<£.  etliylene) ;  and,  ^-dichlorcthane,  or  c(hylidt]itc  chloride, 
produced  by  acting  on  monochloretliane  with  chlorine,  and  ali^o  by  treating 
aldshyds  with  phosphoric  pentachloride : 

CH^COH  +  PCI,  =  CH,.CHC1,  +  VQCi^ 
Aim^  lUtjlidBDicetilorld*. 

Botik  trs  soloiirlflM  aiolnls  liquids,  of  an  agiwiUs  ethtnal  odour.  Ths 
aontinoed  action  of  chlorine  on  tlu»«  dicliloretbanes  fpwt»  rise  to  isomeric  tri-  and 
Istr— idowthami I  thm,  howsv8r,yield  the sanie peats-  and  heiaehloftthane  on 
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ftirther  treatment  with  chlorine.  The  following  is  a  list  of  the  known  rh.o- 
rinated  derivatives  of  ethane,  together  with  their  boiling  points  (Centigrade) 
and  specific  gimTities (Stsedel,  Ztitr.  Ckem.,  187 1,  197,  513) : 

CH^CH,q. 
MoMsUoietbMM  (Bihylie  cUoridt). 


CH,C1.CH,GL 

o-r)iclilorotl>ane 
(Eth)leuic  chloride). 

B  P.  84°;  8.0.  1-356  at  12* 


CH^CHa^ 

P-Dichlorpthane 
(Etii\lideiiic  chloride). 

B.7.  60^  i  B.O.  1*174  at  17". 


B.P.  ii5^s  8.0. 1*422  si  17^ 

CHC1,.CHC1,. 

a-Trtrachlorcthane. 

B.P.  i47*i  B.O.  1-614  *^ 


Bj.  75*5  s.e.  1-372  at  o*. 

cH,a.cci,. 

^■Tt'trachlort'thane. 

B.F.  127*'5  ;  S,C.  P 


CHC9,.0Clgi 


B.7.  158' 


CC1,.C(1,. 


Hexacliluretlmne. 

Melts  at  226";  B.P.  33 1^ 

(i  1 77)  MoNOBBOMBTHANB^  OF  BthyUc  brottttde :  Cj,H.Br=  109. 
— This  compound  is  obtained  in  a  state  of  great  purity  by  mixiug 
etbylic  alcobol  with  phospboras  bromide :  3Cc,Hj..0H  +  PBr^^ 
^CjHgBr  +  HgPOg ;  but  it  is  more  conveniently  prepared  by  adding 
slowly  4  parts  of  bromine  to  a  mixture  of  45  parts  of  ethylic 
alroliol  and  4  of  amorphous  phosphorus,  contained  in  a  retort  or 
fiask  connected  with  an  inverted  condenser, care  being  taken  to  keep 
the  mass  cool.  When  the  whole  of  the  bromine  has  been  added, 
the  bromethane  is  distilled  oti'  on  the  water-bath,  and  agitated, 
iirst  with  a  weak  alkaline  solution,  and  then  with  water;  it  is 
afterwards  separated  from  the  water,  and  placed  in  contact  with 
sticks  of  potassic  hydrate,  or  pieces  of  calcic  chloride,  and  finally 
distilled.  Bromethane  is  also  produced  by  the  action  of  hydro- 
hroniie  acid  on  ethylic  alcohol.  It  is  a  colourless^  mobile  liquid^ 
of  ethereal  odour^  boiling  at  41^  (1 05^-8  F). 

(1 1 78)  DiBBOMBTRAVR :  CJT^Br, » i88.— Two  isomeriodibroiiMlhaiMa«or> 
responding  to  the  two  isomeric  dichlorethanes  are  known,  viz.— a-2K&roM#- 
thane,  or  Hhijlcnic  bromide,  boiling  at  129"  {26^'*'2  F.),  prepared  by  pat^in^ 
ethylene  into  bromine  {r>id.  ethylene);  and  fi-dibromet/iane,  or  etht/Udenic  bromide, 
boiling  at  iio*' — 112  "  U30** — 233°  6  F.),  formed  on  heating  monobromethaue 
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vHh  bioniiM  to  170**  (33S''  P.),  or  by  traatiiii^  tldehjde  with  pluwpborie penU- 
Imunide  or  trichlorodibrumide  {Jour.  Ckem.  Soc.,  1872,  xxv.  233). 

A  number  of  the  higher  bromiaated  ethanes  have  been  obtained  irom  etlijle* 
ntc  bromide  {tid*  haloid  derivatives  of  ethylene). 

(JJ79)  looiTHANB,  or  etkyUe  iodide:  €,11^=156. — In 
order  to  prepare  this  oompoiind,  70  parts  of  ethylic  alcohol  and 
7  parts  of  amorphous  phosphorus  are  placed  in  a  retori,  the  bulb 
of  which  is  immersed  in  cold  water,  its  neck  being  connected  with 

an  inverted  condenser;  100  parts  of  iodine  are  then  gradually 
a<lded  tbroii*jh  the  tubulure  of  the  retort,  and  the  mixture  agitated 
alter  each  addition  of  iodine.  When  the  reaction  has  teriuinatLd, 
tiie  liquid  is  distilled  by  tlie  heat  of  a  water-bath  ;  the  distillate 
should  be  tlien  washed  with  weak  alkali  and  water,  digested  ou 
ealric  chloride,  and  re-distilled.  The  reaction  which  occurs  during 
this  operation  may  be  thus  represented : 

laC.H^OH  +  aP  +  5T,  =  loC.H.I  +  4OH,  +  2C,H,H,P0,. 

BthrSsalfldboL  ribviK- i.,ii>lc  ^.w t. 

-  or  iodtfUuue.  dUtjdricpliMphxae. 

Ethjlic  iodide  is  a  colourless  liquid  when  freshly  prepared,  but 
it  soon  undeigoes  a  partial  decomposition,  and  becomes  brown 
from  the  liberation  of  iodine.  It  boils  at  72^  5  (162^*5  F.),  and 
at  (32^  R),  has  the  sp.  gr.  1-97.  When  heated  with  water 
to  150^  (502^  F.)  in  a  sealed  tube,  it  becomes  decomposed  into 
ordinary  ether  and  hydriodic  acid  (Frankland) ;  according  to 
Hofmann,  if  boiled  with  water  and  argentic  oxide,  alcohol  and 
argentic  iodide  are  produced  : 

+  Ag,0  s  aC,HB.OH  +  lAgl; 

and  Wurtz  liuds  tliat  when  the  anhydrous  iodide  is  heated  in  a 
sealed  tube  with  argentic  oxide,  argentic  iodide  and  ordiuai-y 
ether  are  formed  witli  facility  : 

aCoH,!  +  Ag,0  =  (Cfit\0  +  aAgl. 

If  a  mixture  of  equivalent  quantities  of  niethylic  iodide  and 
ethylic  iodide  be  treated  with  argentic  oxide,  methyi-cthyi  ether 
Cil3.0.C2H5  is  produced. 

Both  the  bromide  and  the  iodide  of  etiivl  have  been  exten- 
sively  employed  for  the  preparation  of  substitution-compounds 
containing  ethyl ;  and  it  was  by  decomposing  ethylic  iodide  in  a 
scaled  tube  by  means  of  line,  that  Frankland  succeeded  in 
isolating  the  hydrocarbon  known  as  diethyl  or  tetrane. 

(llSo)   loDOCHLOBITBAVI  :     C^H^CII  =  1 90*5,   and    loDOBUOUETnANE  : 

C,U«BrI  =  235,  aie  produoed  when  ethylene  is  pAMed  into  a  «olatioa  of  iodino 
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chloride,  or  bromide  (l^utwell  Simpson,  Proe.  Roy.  Soc,  lii.  278;  xiii.  51). 
The  former  id  an  oily  liquid,  boiliug  at  145°  (293"  F.).  The  latter  is  a  solid 
at  the  ordinary  temperature,  which  raeltj^  at  28°  (82°*4  F.),  and  boils  at  162* 
— 167*  (323°"6 — 332*'*6F.);  an  isomeric  body,  boiling  at  144° — 147** 
(291°  2 — 296*''6  F.).  i»  fonned  bj  exposing  bronedtylene  or  viii^io  bromide, 
CH,  -  CHBr,  to  tho  aetioo  of  hydriodio  aeid  (Pfknndler,  Bebonl). 

( 1 1 8 1 )  DiiODKTH  AK  R  :  C^^H  J,  =  27  i.—a'DiiodetAoite,  or  Mylenie  iodide, 
CH,I.  C'H.J,  is  produced  when  ethylene  is  pnssed  into  a  pasty  mixture  of 
alcohol  and  iodine.  It  is  a  white  crystalline  substance.  (i-Diiodethane  or  ethtf- 
lidenie  iodide,  CHj.ClII^,  is  formed  by  the  action  of  aluminic  iodide  cm 
^-dichlovethane  (Goiitavron) ;  it  is  a  liquid  boiling  at  180*  (356**  F.).  Aeeording 
to  Berthalot*  aoetylene^  CS,H^  oombioea  with  hydriodie  add  fonning  both  a-  and 
^-diiodethane. 

(1182)  Haloid  Derivatives  of  Propane.  Monochlokopbopanb  : 
C,HjCl-78. — Two  isotneric  chloropropanes  are  known:  namely,  the /'Wma/^ 
propylic  rhluride,  or  a  chloropropane,  CH^CH,.C1I,C1,  which  is  a  product  of 
the  aetioo  of  chlorine  on  propane  (Seborletnmer,  Proe.  Roy.  Soe.,  zvii.  372),  and  is 
also  obtained  on  treating  primary  propylie  alcohol  with  hjdrochlorie  acid  or  » 
ehtoride  of  phosphorus ;  and  geeondary,  or  uopropylic  chloride,  or  0-chloro» 
propane,  CHj.CllCl.C'H,.  prepared  by  treatinfj  isopropylic  alcohol  with  hydro- 
chloric acid  or  a  chloride  of  phos^hurus.  The  latter  iii  alvo  formed  by  the  action 
of  chlorine  on  propane. 

Propylie  chloride  boila  at  46"'5  (i  15°  7  F.),  whilat  isopropylic  diloride  boik 
at  39**  (i02*'2  F.) ;  the  sp  gr.  of  the  former  ia  '915  at  o**  (3a*  F.),  that  of  the 
ktter  -874  at  10°  {^f  s  ^^■) 

(1183)  DTCHTi^iioi'itorANE:  CgU^ClyS  113. —  Four  iaomerio  diohloropro* 
panes  have  been  obtained,  viz. : 

B.?.  (Cent.)  Sp.  Gr. 

a-Didiloropropane     •    .    .   CH,C].CH,.CH,a      117*        1*201  at  is"* 

^Dichloropropane  or  propy-  )  CH..CHC1.CH.CI        96^        i  -165  at  14- 

lenic  chloride  «  ^  it  t 

'"'^de^c'chS.' }  CH,CH,CHCI,     tf-tf  — 

a'Diekloropropane  is  formed  on  heating  a-dibromoprcpane  with  mercuric 
eUoride  (Beboul).  P-DiMoropropane,  or  propylenie  eUoride,  is  obtained  by 
the  acUon  of  chlorine  both  on  propylie  and  ieopropylic  chlmidsr  and  by  tbe  eoBi> 
bination  of  propylene  with  dikirinet 

CH,CH,.CH,C1  +  CI,  =  CH,.CHCl.CH,a  +  HCL 
Propjiiecblorida.  Pnprlcole  ebloridft, 

cH^CHci.cH,  +  ca,  *  cH,.cHacH,a  +  Ha 

bopnijIlB  ohloilds.  Pkvpjlaide  cblorld*. 

CH,.cH=cH,  +  ca,  -  CH,.CHaCH,a 

Propjlene.  Profijlnleohloridaw 

y-IHchloropropane,  or  propylidenie  eklorido,  ia  prodnced  by  seting  upon 

propionic  aldehyde,  CHj  CHj.COIT,  with  pho«phovie  pentacbloride  (Reboul, 
Coinpt.  Rend.,  Ixxvi.  1270).  d-Dichforopropane,  or  met/iyh/thrarftnl,  is  ob- 
tained together  with  propylenie  chloride  by  the  action  of  clilorine  on  inopropylic 
chloride  (Friedel  and  Silva,  Compt.  Rend,,  Uxiii.  1379),  and  in  a  pure  state,  by 
Ae  action  of  pho:<phoric  pentaeUoride  on  seetone,  CU,.0O.CH^,  tiie  oxy^n  u 
tiie  lattsr  beii^  diaplaoed  by  ao  eqoifalent  ^oantity  of  ehkrins. 
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(1184)  TucHioBOPBorAHB :  C.H,C1,=  147  5. — T^re^  iiomario  tricUoro- 
propaiMi  ire  known,  viz. : 

B.P.(Ceiit.)  flikGr. 

"t'&;s:?:}cH.acHCLCH.ci ...  us- ...  .-4.  -o- 

^•TrirhloropropftM  '  CH,.CHCI1.CH0I,  140*    ...    1*402  at  4* 

y^TriebkmipffoiMiM    CUg.CCI^CH,Cl       ...    123*   ...    1-350  at  o* 

m^^Melhtropropane,  or  trichlorhydrin,  CH,C1.CHC1.CH,CI,  is  fonned  when 
pn|Vflenie  chloride  is  aoted  npon  hy  eblorine  in  hrigfat  tnnahino,  or  in  the  pre- 
sence of  iodine  (Linnemann.  Ann.  Chem.  Pharm  ,  cxxxvi.  48;  cxxxix.  17; 
Schorlemmer,  Pmr.  Roy.  Soc,  xviii.  29;  Friedel  and  Silva,  Compt.  Rend, 
Ixxiv.  805) ;  and  al-o  hy  the  union  of  all_\  lie  chloride,  C^HjCl,  with  clilorine 
(Oppeobeiin,  Ann.  Chem.  Pharm. ^  cxxxiii.  383)  It  is  most  readily  prepared, 
however,  by  heating  dichlorhydrin  with  pho»phorio  pentadiloride: 

CH,acU(OH).CH,Cl  +  PCI,  =  CH,CI.CHC1.CH,C1  +  POCl,  +  HCL 
Ptohlortiydrtn.  »-TrkiilorofiropuM. 

fi-Triekloroproj>ane  is  obtftined  together  with  the  a-oompoond  on  heating 
propylenie  ohloride,  CII,.GHCI.CH,C1,  with  dry  iodine  obloride  1  whilst  y4ri' 
chloropropane  is  the  proiduct  of  the  action  of  chlorine  on  mnthylrhloraootol, 
CH,.CCI,.CII,,  in  sunshine  (Friedel  and  Silva,  Compt.  Rend  ,  Ixxiv.  805). 

(1185)  TnBAOHioBOPxoxAKS :  C^U^G^.  ~  182. — Three  of  these  are 
known,  viz. : 

(1)  .  AUyUmie  tetrachloride,  CH,CI,CHCI,CHC1,.  obUiiied  by  Harten- 
olein,  {Jmtr,  pr.  Chem.  [2],  vii.  312)  by  combining  allylenic  dichkiride, 
CH,CI.CH  =  CTd,  from  dichlorhydrin,  with  chlorine.  It  boils  at  171* 
(339^  8  F.)  ;  sp.  gr.  1*503  at.  i7«>-5  (63*'-5  F.).  The  tetrachloro^'lycid  obtjiincd 
by  Pl'  tfer  and  Fittii;  Chem.  Pharm.,  cxxxv.  357),  from  dichloroglycid  and 
chlorine,  was  doubUest«  a  mixture  of  this  body  with  the  isomeric  compound, 
CH,C1.CC1,.C11,C1,  sinoe  dicbloroglyeid  Is  n  mixture  oC  the  two  oompoands 
GHjCLOCl «  CH,  and  CH^Cl.CH  a  CHCI  {wd,  diehloropiopylene). 

(2)  .  DiehhracetoM  ekhride,  CH,.OCI,.CHClj,  prepared  by  the  action  of 
phosphoric  pentachloride  on  dichloracetone,  CHj.CO.CHCIjj.  It  boils  at  153* 
(307*''4  F.) ;  sp.  gr.  1'4'j  at  13*  (55''"4  F.).  By  the  action  of  chlorine  on  this 
body  it  ii  converted  into  a  crystalline  pentachloropropane,  (Fittig  and 
Bondio*  Jim*  Ckem,  Pkarm»,  enxiii.  114.} 

<3^  A  crystalline  body,  melting  at  i;?'— 178»  (35o'-6— 352'-4  P.) 
ban  been  obtained  by  Sohorlemmer  {Proa.  Sejf.  Soe^  xviu.  29),  1]»y  tliecontinoed 
action  of  chlorine  on  propane  in  snnshine. 

(i  186)  llEXACHLOBorKOPANK:  CJI.CIj=  251. — According  to  Schorlemmer 
{Ibid.)  this  is  the  final  product  of  the  action  01'  chlorine  on  propane  in  bright 
eansbine  in  the  preeenoe  <^  iodbe.  It  is  a  cdouriees  heavy  lii^uid,  whieh  boils 
witboat  decomposition  at  about  250*  (482*  F.). 

(1 187)  Bromopbopahb  :  C,H,Br.  =  123. — Propylic and  isopropylic bromides 
are  obtaitied  troni  the  corresponding  alcohols  by  treating  ihem  with  hydrobromic 
acid,  or  a  bromide  of  phosphorus.  The  former  boils  at  71*  (i59°'8  F.),  sp.  gr. 
I'35  at  16^  (60°  8),  the  latter  at  61"  {i4i°-8  F.),8p.  gr.  132  at  13"  (55°  4  F.). 

(1 188)  DniovorBOFAiiB:  C,H,Br,=r  202.— Three  isomerio  dibfomopro- 
paiMS  are  known,  vis. : 

B.P.  (Cent.)  Sp.  Gr. 

a-Dibromopropane     .    .      CHjBr.CH^.CH,Br    162° — 163°     2*017  at  o** 

'■'''XTSr.  }  CH^CilfeCH^       ,4.--3       x-946  -  .6- 
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a-Dihromopropane  in  formed  together  with  a  small  amount  of  propylenic 
bromide  {vid.  propylpiie),  on  heating  allylic  bromide,  CH^.CH  =CHjHr,  uiLh  a 
•aturated  solution  of  hydrobromic  acid  to  1 00*  (2 1 2®  F.)  (Geromont,  Deut. 
chem.  Get*  Jier,t  iv.  548  ;  lieboul,  Compt.  £end.,  Uxvi.  1270).  The  remaining 
oonipoaiidt  an  obiMmd  lij  methods  fiimlar  to  thoM  employed  in  the  prepantion 
of  the  analogous  ehloro-derivatiras. 

(i  189)  CfrLOBOBBOMOPBOPANK  :  C,H,ClBr=s  1 57*5.— According  to  Rebool 
{CompL  Jiend.,  IxxviiL  Z77)»  tha  ioUowing  five  iaoinMrie  compounds  txiti : 

&P.  (Cent)  8|i.Gr. 

I.  CH,Br.CH^CH,a  .,.  140*— 141*  ...      163  at  8* 

II.  CH^CHBr.CH.Cl  ...  aUat  120**  ...  — 

IIL  CH^CHaCH,Br  ...         lao*  ...      1585  at  o* 

IV.  CH^CH^CHCIBr  ...  aboot  100*  i*do  at  20' (?) 

Y.  CHyC01Br.CHi  ...       93*— 95°  1-474  at  2i* 


The  fint  of  these,  together  with  a  relatively  very  small  quantity  of  the  second,  ia 
formed  on  heating  allylic  chloride,  CH,  -  CH-CH^Cl,  with  hydrol-romic  acid 
(lieboul) ;  the  third  in  obtiiined  on  lioatiiig  propylcnic  bromide,  CH,.C1I  Hr.CH.Br, 
with  a  solution  of  mercuric  chloride  (Friedel  and  Silva.)  A  mixturt* 
of  the  fourth  and  fiflh  is  obtained  OB  heating  crude  ehloropropane — which 
is  a  mixttire  of  the  two  isomeridea,  CH,.CCUCH.  and  CH,.CHeOCly 
with  hydrochloric  and  (Reboul).  Accordinj,'  to  Henry  {Dc'ti.  rhrm.  (iex  Ber., 
iv.  604),  the  two  compounds  CUg.CiiBr.Cil,a  and  CH..CHCLCU,iir  aiw 
identical  in  pliysical  propfrtien. 

(1 190)  Thibbomopbopane:  CjHjBr,.  =  281. — a-Tribromopropane,  aliylic 
tnbnmide,  or  iiibromky^n,  CH  Br.OHBr.CH,Br,  may  be  obtained  hj  acting 
upon  dibfombydrin  CH,Br.CH(OH).CH,Br,  with  phosphoric  pentabrmnide,  or 
by  combinbg  allylic  bromide,  CH,  =  CH.CH,Br,  with  bromine.  It  cr^'stallizes 
in  white  prisms,  which  melt  at  16" — 17"  (6o*'8 — 62°  6  F.).  and  boils  without 
drcoraposition  at  219°— 221**  (426°-2 — 429°"S  F.).  (Wurtz,  Ann,  Ckem, 
Fharm.,  civ.  247  ;  Henry,  Deut.  chem.  (its.  lier.,  iii.  298.) 

An  isomeric  compotmd  boiling  at  195°  (383''  F.)  is  obtdned  by  tJieimioB  o£ 
nmnobcomopropylene  with  bromine  (WortSp  Jam.  Ckem,  PJUum.,  dr.  246; 
Linnemann,  Ibid,  cxzxv.  55). 

(1  191)  Tetbabromopbopane  :  C,H^Br^=36o. — A  crystalline  totrabromo- 
propano  melting  at  69"  (i56°*2  F.)  was  obtained  by  Linnemann  {loc.  cU.  65)  by 
heating  isopropylic  bromide  with  bromine  and  water  to  110° — 150*^ 
(230" — 302**  F.)  The  production  of  crystalline  tetrabromopropanes  baa  also  been 
observed  by  Aarland,  {Jour,  pr,  Chem.  [2]  vi.  267),  and  by  Hartenstetn  {Ibid, 
vii.  3 1  7).  The  liquid  tetrabromopropane  boiling  at  225® — 230*  (437** — 446"  F.) 
obtained  by  Oppenheini  {Ann.  Chem,  Pharm.,  cxxxii.  126),  from  allylene  (from 
bromopropylene)  and  bromine,  is  probably  identical  with  Cahour's  broii:opro]>v- 
lenic  bromide.  Reboul's  tetrabromoglyeid  in  probably  a  mixture  of  the  cumpouud. 
CH^Br.CBr,  CH,Br  with  CH,Br.CHBr.CHHr.. 

(1192)  ChIiOBOBBo»opboi>am:s.— Allylic  chloride,  C,H,C1,  forms  with 
bromine  the  compound  CHjUr.CHBr.CH^Cl,  isomeric  with  that  produced  from 
chloropropylene  and  bromine,  and  which  has  the  formula  CHj.CClBr.CHjBr  j 
the  former  b<nU  at  195^  (383''  F.)  the  latter  at  170''  (338°  ¥.). 

(1193)  loDOPBOPANB,  C,H,Is:X70. — Two  isomeric  iodoprupanes  exist* 
a'lodopropoMB,  nx  prmary  propyUe  iodide^  CH,.CH,.CH,I,  is  prepared  by  the 
actitm  of  hydriodie  acid  on  normal  propylic  alcohol.  It  boil^  at  102°  (2 15°-6  F.). 

fi-Iodopropane,  §eecmdary  or  i$qprppylie  iodide,  CH,.CHI.CH,,  ia  fimned  * 
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bf  the  combination  of  propylene,  C,U,.  with  hydriodie  add,  and  by  the  aelion  of 
hydriodiB  aoid  on  aUjIie  iodide : 

CH,=CH  -  CH,I  +  2HI  -  CH,  ^  CHI  -  CH,  +  I,; 

but  it  is  most  conveniently  obtained  by  ciistillln;^  i^'lycerin  with  an  exoeM  of 
coDceutrated  liydriudic  acid  6olul;ou,  allelic  iodide  being  tiisl  I'urmed  thus  : 

C?H,(OH).CH(OH).CHa(OH)  +  3HI  =  CH,=CH-CU,I  +  I.  +  30IV 
eijvnin.  mylia  Iodide. 

It  is  a  mobile  ooloorien  Hquid  of  peculiar  colour,  which  boils  at  89°  (i 92^^*2  F.). 

iJiiudopropane  or  prop^lenic  iodide,  Cllj.CHI.CHjl,  i.«  Ibrnied  by  the 
direct  union  ol  propylene  with  iodine.  It  is  a  colourless  oil,  having  a  peculiar 
UDpleii.<ant  odour,  and  cannot  be  distilled  without  decoaipositiou. 

(1194)  CuLORiODOPBOPAifBs — Propylene  combine*  with  iodine  chloride 
(Simpeon) ;  the  ehloriodopropane  thoa  prepared  ie  ieomerie  with  that  formed  by 
tiie  union  of  diloropropyleue  with  hydriudic  acid  (()| r})tiiltL-ini)  :  the  foruier  hi 
probably  n>pn  sented  by  the  formoU  CH^CUCLCii,!,  and  the  latter  by  the 
formula  CI  I  .CC'II.CH  . 

Acrording  to  Henry  dic/iloriodojjropane,  C,HjCI,I,  ii»  produced  by  the  union 
of  allyfie  chloride  with  iodine  chloride. 

Bro$iUodopropaMt  Cfifirl,  is  formed  when  propylene  ie  pawed  into  a  ifolu- 
tion  of  iodine  bromide.  It  is  a  colonrleea  oil,  which  boils  at  160^ — 168' 
(320° — 334°'4  y.),  but  iri  at  the  same  time  partly  decomposed  (Simpson). 

C7i/<ji  oljruiiiiodoprojHinc.  V  \l  CllWl,  is  pnxluced  by  the  union  ol  aiiyliu 
bromide  wiih  iodine  chloride;  tl  i»  a  lieavy  oily  liquid  (Henry). 

(11 95)  HAtoio  Dbbitativbs  op  tab  TBTBA>i£8.~The  following  mono- 
haloid  tetrane  derivativeii  have  been  obtained  by  the  action  of  the  haloid  adds 
or  halcnd  phoephonu  compounds  on  the  isomerio  bnt^lio  alcohols,  C4H,.0H : 

JfCROal  prinaqr        Isopninarr  S.-.'.m.Inry  Tertiary 

•r  •■eonpoiiDds*    or  ^-luuipouuds.    ot  y  cviLi\M\iud$,    or  j-cowpuuuut. 

RP.  (Cnt)  B.P.  aP.  B.P. 

BotyUc  chloride  .     78"  6S°'S  —  50**— ja* 

„      bromide  .    loo'**5  9-^*3  —  — 

„     iodide   •    130"  izo'O  ij?**— iiS"*  99* 


Secondar}'  butylic  iodide  may  alrio  be  prepred  by  il.i'  notion  of  hydri«Klic  acid 
on  erythrite,  CJljOli)^,  and  the  tertiary  iodide  by  the  circct  union  of  butyJene, 
CU  —C(Cll,),,  and  hydriodic  acid. 

Little  16  known  of  the  higher  chlorinated  derivatives  of  tetrane. 

DlBBOKOTBKBAllB,  C^H^Bra.— Thieo  isomerio  dibromotetraueb  have  been 
daMsribed,  Tis. : 

B»P.  (Cut.) 

"^'hZidL^'"^'    «  butyknic  I  cH,.CH,.CHBr.CH.Br  ...  166- 
'^^tTctSe'"  ^^^:}cU..CHBr.CH13r.CH.    ...  ,59 

a-Dibromotcfnxne  is  obtained  by  heiiting  a-bromotetrane  (normal  primary 
butylic  bromide)  with  bron.ine  (Linnemann,  Ann,  Chein.  P/mrm.,  cki.  200), 
and  is  probably  identical  with  the  bionude  of  elhylvinyl  [ncv  butylciic)  pr.  |);;:<  d 
by  Wurtz  Ctesa.  PAarm.,  clii.  21).    ^-Dibromotclrane  u  i'ornicd  by 

combining  the  butylene  from  st  oondary  butylic  alcohol  with  brominu  (Liebeu, 
Ann.  CAem,  iPlutrm.,d,  log),    y-JJibromcieirane  is  obtained  by  heating 
8  M 
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/3-itfdotetrane  (isoprimary  bntylic  iodide)  with  bromine  (Linnemann,  Ann.  Chem. 
Pharnt.,  clxii.  34).  and  by  combining  the  ao-call«d  iaobutjrlene  from  isoprimarj 

butylic  alcohol  with  bromine. 

Tkiuhomotktuaxk,  C^HjUfj.  —  According  to  Linnemann  {Ann.  Chem. 
Pharm.,  clxii.  34),  this  compound  is  aliooiit  the  sole  product  of  the  Mction  of  bro- 
mine on  i3*bromotetnme  (isoprimary  butylio  bromide)  1^  150*  (302°  F.);  it 
is  a  liquid  which  boils  at  214°— 218'*  (4 17**  2 — 424''*4  F.).  Caventou  alao 
obbiined  a  tribromotetrane  (bromobutylenic  broniidt)  boiling  at  208° — 215'^ 
(406  4^ — 419°  ^•)  hy  combining  bromobiityltiie  with  bromine.  The  >aiue 
observer  obtained  a  tetrabromottirane  from  dibromobutylene  and  bromine,  ia 
the  fonn  of  a  orystalline  adlid  whidi  deoompotea  at  300"  (39^**  F.)  irithoiit 
preriooaly  melting  {Ann,  Okem.  Pkarm,,  cxxvii.  94*  547). 

(1196)  Haloid  Dbutatitbs  of  tuk  rtMANKs.— a-MoxocHLOBOPEx- 
TANE,  or  normal  primary  aniylic  chloride,  ("H  .("H  ,.('H.,.CH..('H  t'l.  is  formed 
on  lit  utinij  normal  jiriinarv  aiiiylic  alcohol  with  hydrochloric  acid  (Lieben  and 
KoM<i) ;  it  ih  also  a  product  ot  the  uctirn  of  chlorine  on  normal  pentane  (Schor- 
lemmer).  It  boils  at  106* — 107"  (222'*-8— 224'-6  F.);  sp.  gr.  -901  at  o* 
(3a'' P.). 

jS-MoirocHiOBomrTAirB,  or  isoprimary  amylie  eUoride^ 

CH{CHJ^CH,.CH,Ca, 

is  obtained  from  the  optically  inactive  fermentation  amylio  alcohol  and 
hydrochloric  acid,  or  a  chloride  of  ]>hosplioriiH ;  it  boils  at  102°  (215°  6  P.); 
«p.  <;r.  -895  at  (32''  F.).  A  tliinl  iuoiKKjhlor(.|M'ntane,  r(riL)(r  H JHCI,  is 
formed  together  with  u-chloropentune  during  the  chloriuation  ol  normal  pentane 
(Schoriemmer,  Ann.  Cketn.  Pkarm,,  olxi.  268). 

DiCHLOBOPBNTANi,  C,H,,C1,. — Amylene,  C,Hj,,  from  fermentataon  iao- 
primary  amylic  alcohol  combines  with  chlorine  to  form  a  dichloropeutane  or 
amylenic  chloride,  boilini;  at  about  145**  (293*^  F.)  (Guthrie,  Journ.  Chem. 
Soc.  xiv.  128).  An  isomeric  conipourid,  CH,.Cll((;n.).('H,,.('lh'!  .  is  fornu*d 
by  the  action  of  phosphoric  peutachloride  on  valeric  aldehyde  from  fermentation 
amylic  alcohol;  it  boila  at  aboot  130''  (266^  F.)  {Ann.  Okem.^Pharm.,  cvL 
262).  By  the  action  of  chlorine  on  boiling  isoprimary  amylic  ehlorid^  Buff 
obtuned  a  dichloropentane  boiling  at  155° — z6o°  (311° — ^320^  F.)  {Ann, 
Chem.  Pharm.,  cxlviii.  340)- 

Higher  chU  rinated  derivatives  of  p'^ntane  have  been  obtained  by  the  action  of 
chlorine  on  isoprimary  amylic  chloride  and  on  amylenic  chloride  (Uauery,  but 
litUe  is  known  of  these  compounds.  By  the  action  of  chlorine  in  bright  sunlight, 
according  to  Cahoora,  the  pentane  from  petroleum  ia  finally  converted  into  the 
OOmpound  (yi  Clj,. 

(1197)  Haloid  Derivatives  of  tiiv.  Iifmainixo  Paraffins. — Verj 
few  of  the  haloid  derivatives  of  the  remaining  hydrociirbons  of  the  Cnll,u^, 
seria  have  been  obtiuned  in  a  state  of  purity.  By  the  action  of  chlorine 
on  the  various  paraffina  which  they  isolated  from  American  petroleum, 
Pelonze  and  Gahonrs  prepared  the  corresponding  n)onochlorinated  paraffins  • 
Schot  lf'niincr's  researches  (.iwn.  Chem.  Fhartn.,  clxi.  263),  however,  justify  the 
Cii-icl  .s'oii  that  the  products  they  obtained  were  mixtures  of  isonieric  coinix)unds. 
A  number  of  the  dibromo-derivativeti  hoiVe  been  prepared  by  combining  the 
olefines  with  bromine. 

(1 198)  HsXAKB  Dbbtvattvbb.— In  addition  to  the  monochlorinatcd  com* 
pounds  formed  by  the  u>  t:  n  of  chlorine  on  normal  hexane  (Pelomte  and  Cilkoiin, 
Schoriemmer),  a  monorhi<>r//<  .r<n>r  or  herylir  chloride^ 

Cll^.Cl  I  (CHJ.cii^.CliCi.CHa. 
boiling  at  about  120°  (248^  F.).  is  known,  which  is  prepared  from  the  iso- 
primary hexylic  alcohol  from  maunite ;  moreover,  tertiary  hexylic  chlorides  have 
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been  obtained  by  the  action  of  pboi^phorus  pentachloride  on  metbyl-dietbyl- 
oarbinol.  C(CH,)(C,H,),OH ;  and  propyl-dimethyl«binol,  C(C,H,)(CH,)pH  j 
the  formeir  boiU  at  no**  (230"  F.),  the  latter  at  lOO**  (212*  F.)>both  being  ptr- 
tially  decomposed,  however  (Batlerow).  By  the  action  of  chlorine  on  the  hexane 
diirtopropyl,  Schorlt'mnuT  obtained  a  clilorohexane  boiliiiLT  at  1  24*  (255'  2  ¥.)  ; 
Silva  (  Deui.  chem.  Ges.  Her.,  vii.  953)  finds  that  an  i&t»uieric  b(xly  boiling  at  118" 
(244  4  F.)  is  al^o  produced.  The  former  is  probably  represented  by  the  fonrniU 
CH^CH(CH,).CH(CH,).€H^CI,  the  ktter  by  CH,.CH(CH,).CC1(CH,).CH,. 

Accordin<^  to  Pelouie  and  Cahuurs,  the  final  j^roduct  of  the  action  of  chlorine 
in  bright  sunlight  on  petroleum  hexane  \a  heuachlorohejrane,  C^HjCl, ;  thia 
observation  has  been  confirmed  bv  Schorlemnier  {Proc.  Koy.  Soc,  xviii.  32). 

a-Iodhe-ranr,  or  iiorrnaf  jtrimur^  /itjr^/ic  iodide,  CHj.(CHj)^.CHjI,  prepared 
firom  normal  primary  hexy lie  alcuhol, boils  at  I79°'5  (355°  F.)  ;  »p.  gr.  1*411  afe 
17**5  (^3**' 5  P*)-  Itoprimary  herjfUe  iodide^  from  fermentation  hoylio 
alcohol,  [?CH,.CII(Cir).('H,.('H,.CHJl.  k.ils  at  172"— 175°  (34i°-6— 347** 
F.).  Normal  seronilart/  hex ^lic  iodide,  (^{CU.^{C^\\^)\\\,  which  ia  oUainfld  by 
the  action  of  hydriodio  acid  on  the  hexahydric  alcohol  mannite : 

C,H.(OH),  -1.  iiHI  ^  C^„l  +  60H,  +  5^, 
MsBBiteb  Hwjtteiodidt. 

boDa  at  i67*-5  (aas^'S  P.)  ;  ep.  gr.  1-447    ©'(S^**  I"  )' 

Dibromohexane,  CH,.CH  X'II,.CHj.CHBr.CH,Br,fiwiiwdfi»iB  hexylene  and 
bromine,  boils  at  195^—197  {?,^X' — 3'*^'^'''6  F.);  sp.  ^'r.  r"6o5  at  o**  (32''  F.), 
I'58o  at  19"  (66°"2  F.)     iHeclit  and  Strauss,  J rt/j.  Chem.  P li<i nn.,  c\\x\\.  62). 

(1199)  Heptane  Derivatives. — A  number  of  raunochlorheptanes  haYO 
been  obtained  by  the  aetion  of  chlorine  on  the  heptanee,  and  byoombining  tho 
beptylenea  with  hydrochlorio  add.  (Schoriemmer,  Ann.  Ckmn.  Pkarm,,  olzi. 
278;  Journ.  Cliem.  Soc.,xxy\.  T^ig.)  Butlerow  h.-is  also  pre{  in.  It  he  compounds 
CH,.C(CH  I  .('(('Hl.CI  and  CH,XX('H,).,.C(CII  ),.!  from  tlie  alcohol  dinu-tliyl- 
tertiary-b-itvl  fMrbino'l  (MI,XX<^"11.),,XYC'H,),.0HV  both  are  white  camphor-like 
substttuces  {Deul.  chem.  Ges.  her.,  viii.  166). 

IHekloTokepiane^  C^U^^Cl,,  is  produced  by  the  aetion  of  pho«iphoric  pent^ 
chloride  on  hej^Uo  or  cenanthylic  aldehyde;  it  bcnla  at  190^  (374°  P*)  (Idm- 
pricht,  Ann.  Ckm,  Pkarm,,  m.  80). 

(1200)  Optane  Derivativks. — The  following  mono-derivatives  have 
been  prepared  by  the  u.sual  methods  from  normal  primary  octylio  alcohol^ 
CH^(CHJ,.CU,.01l  (Ziucke,  Ann.  Chem.  Tharm.,  clii.  i)  : 

D  P.  (I  Tut.)  8p.Gr, 

AIoDochloroctane  or  octylic  chloride  ...  iSo°'5  ...  '880  at  16" 
Monobromootane  „  bromide  ...  199^  ...  I*xi6ati6" 
Mooiodoeboie  „     iodide      ...    221**      ...    1*338  t» 

The  normal  secondary  octylic  alcohol,  methyl-hexylcarbinol, 

C(CH,)(C,HJH.0H. 

yields  a  cblornctanf  which  boils  at  171° — 173**  (339"'8  -343°'4  F.)  (Neipon)  ; 
the  c<>rrtt*pouding  Ijromo-  and  iodo-derivatives  decompose  partially  on  distillation. 

Batlerow  has  obtained  a  tertiary  octvlic  chloride,  boiling  at  about  155" 
(31 1*  P.),  from  propyl-dietbylcarbinol,  C{C,TI.)(C^HJ  OH. 

(r20i)  Hfxadeca.ne  Dkkivatives.  —  Monoclilorhexadecane,  or  oetyltc 
chloride,  prepared  by  the  action  of  phor*phoric  pentachloride  on  cetylic  ah-ohol,  is  a 
colourless  liijuid,  distilling  above  200*^  (392"  V.)  with  partial  d  composition. 
The  corresponding  bromo-  and  iodo-derivatives  are  cry»uilLue  U>dieS|  melting  at 
15^*  (59"*  F.)  and  22^*  (7i'*'6  F.)  respectively. 
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(1202)  The  following  is  a  list  of  the  known  mononitroparaffins : 


Nitromethane  .... 
INitroethane  .... 
NiftnqpfOpttie  (primary)  . 

„  (secondary) 
Kitrotetrane  (isopriuiary) 

„  (tertiary)  . 
Nitropentene  (uMqarimary) 


CH,,NO, 


CH,.CH,.NO, 
CH  .('H  ,.CH,JJO, 


B.P.  (CiM.) 

101° 

o  o 

JI3 

125^—127° 

13;'— 140" 


ii5< 


cii(rnj„.e'U,.NO, 

C(CH,),.NO,  — 
CH(CHJ^CH,.CH,JffO,  148'— 160' 


These  compounds  have  all  been  obtained  by  V.  Meyer  and  his 
students^  by  the  action  of  the  corresponding  iodoparaffins  on 
argentic  nitrite;  but^  except  in  the  case  of  the  methane 
derivative,  the  metameric  nitrite  (nitrous  ether)  is  always  pro- 
duced at  the  same  time,  so  that  if  x  be  tlie  amount  of  nitro- 
paraffin>  and  y  the  amount  of  nitrite^  which  ia  formed,  the  re- 
action may  be  represented  thus : 


{x  +  y)  C„H^^iI  +  (x  +  y) AgNO,  = 


(X  +  j^mi  +(*+y)AgNO,=. 


■+  (x  +  y)AgL 


NltioMhau. 
EtlVliBaltxll«; 


Nitroraethanc  has  nlso  been  ubtaiiicd  l)y  tlie  action  of  pota^^sic 
nitrite  on  mouochluracctic  acid  (Kolbc  ;  Pn  ibisch,  Journ.  pr. 
Chtm.  [2]  viii.  3C9).  In  tliis  case  probably  the  tirst  action  con- 
sists in  the  formation  of  a  nitroacetic  acid : 

CHjCLCOOH  +  KNO,  =  CHs(NO,).COOH  +  KQ; 

ChkmMUeMM.  NltroMetto  Add. 

which  is  then  resolved  into  nitromethane  aud  carbonic  anhydride : 
CH,(NO,).COOH  =  CHyNOg  -|-  CO,. 

NIlMMeCleaflld. 


The  mononitroparaflins  arc  colourless,  highly  refractive 
mobile  li(inids  of  peculiar  o«U)ur,  wliich  are  insoluble  in  water; 
they  distil  without  decomposition,  and  their  vapours  are  not  ex- 


♦  Deut.  vhein.  Ges.  Btr.,  v.  20,7.  3c;9,  514.  1029,  1034;  vi.  94,  1 1  6S, 
1492  ;  vii.  425,  670,  709,  712,  7S6,  790,  916,  962.  Ann.  Chan,  J^Aartn., 
cLSo.  I ;  dzzv.  88, 
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plosiTe.  The  most  characteristic  reaction  which  they  exhibit  is 
their  conversion  into  the  corresponding  amidoparaffins  or  primary 
monamines  when  treated  with  reducing  agents : 

CjH,.NO,    +  3H,  =    CjH,.NHg    +  aOH,. 

KltMWthaiiik  AoiUoathiiitorfltlvludBau 

Most  of  them  yield  metallic  derivatives.  Thus,  on  addinj?  an 
alcoholic  solution  of  sodic  hydrate  to  uitromethane,  to  nitroetliane, 
or  to  the  nitropropanes,  a  white  precipitate  of  the  corresponding 
monosodium  derivative  is  produced;  nitroethane^  for  example^ 
yielding  sodium  uitroethane : 

CJI-.NO.  +  NaOH  =  CJI^Na.NOa  + 

XitroetbAoe.  Sodium  niUoaibuM. 

IsoprimaiT  nitrotetrane  does  not  yield  a  precipitate  under  these 
circumstances^  although  it  is  soluble  in  potassic  hydrate  solution, 
and  may  be  precipitated  unchanged  by  the  addition  of  an  acid  ; 
in  feet,  the  tendcncv  to  fomi  metallic  derivatives  diminishes  as  the 
series  is  ascended:  for  instanee,  tcrtiarv  nitrotetrane  and  isonrimarv 
nitropentanc  dissolve  in  an  aqueous  solution  of  ])otassic  hyilrate 
only  after  long  continiuMl  aj^itation,  whereas  the  lower  homolon^ues 
dissolve  at  onec.  The  acpieous  solutions  of  the  sodium  derivatives 
of  the  nitroparalHus  yield  characteristic  precipitates  with  the 
Tarious  metallic  salts : 


1 

cUoride. 

Ferrio 
«hloifde. 

Bute 

ebloride. 

Cupric 
Bulptute. 

Plarobic 
acetate. 

Aigtotleiillnlt. 

] 

Sodiom 
1  mlro- 

Pale  yellow 
pp.  ivery 

Black 
lloeealentpp. 

Diu-k  red- 
brown  pp. 

No  pp. 

Leaf-graen 
PP- 

Whit*  pp. 

Tellow  pp.  whkh 
blaekent  almoat 
Imawdiataly. 

Soui'im 
nitru<'ih:iiic. 

U  hit.-  crys- 
talline pp. 

Dirty 
grey  pp. 

B'ood  red 
coluratioD. 

No  pp. 

Oa«p  (rreeti 
ooloratiun. 

Xo  pp. 

While  pp.  which 
soul)  becomes 
brown. 

S«jKiium 
initropropane 

White  cry*- 
tailioe  pp. 

i;l;i.'k 
lloccaleDl  pp. 

ItliMul  rt-d 
culoraliuD. 

No  pp. 

Dt'^p  (rrecn 
oolontioD. 

White  pp. 

Willi c  j>j).  which 
(fradually  Lc- 
eoiiien  brown. 

1  Sodium 
laltniNopaiw 
1  OMcoadaiy). 

W  hite  cT}n- 
UlUnepp. 

Klai-k 
floocoleotpp. 

■  BliXKl  rvd 
ooloraUoo. 

Mo  pp. 

l>eep  green 
coloration. 

No  pp. 

Hale  yt'llow  pp. 
whicfa  rapidly 

When  nitromethane  is  heated  with  concentrated  sulphuric 
acid,  hydroxylamine  and  carbonic  oxide  are  produced ;  uitro- 
ethane similarly  treatedj  furnishes  hydroxylamine  and  acetic 
acid^  thus : 


/ 
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o  

CIl3.C;H,.N0  +  H|OH  =  H^KOH  +  CH,.COOH. 

VHrotthMM.  RjdraiytaBdiM.         Aottle  mUL 

Nitromethaiie  undoubtedly  yields  in  the  first  place  hydroxylamine 

and  formic  acid ;  the  latter,  however,  is  resolved  into  carlwnic 
oxide  and  water  bv  the  sulphuric  acid.  It"  hydrochloric  acid 
be  employed,  formic  acid  is  actually  obtained  ;  in  tact,  all  the 
primary  nitroparatlins  yield  the  corresponding  acid  of  the  acetic 
scries  and  livtlroxvlaniinc  mIicu  heated  with  livdrochloric  acid. 
AVhcn  nitrocthanc  is  heated  with  ])hosphorous  acid,  tlic  hydroxyl- 
amine is  reduced,  and  acetic  acid  and  ammonia  are  obtainedi  the 
phosphorous  acid  bcin-^  oxidized  to  jihosphoric  acid. 

According  as  the  monouitroparatlins  are  formed  from  moniodo- 
paraffins  derived  from  primary,  vseeondary,  or  tertiary  alcohols  of 
tke  CbH^^.^.OH  aeries  they  may  be  classed  as  primary^ 
secondary f  or  tertiary  compounds,  and  distinguiahed  by  the  fol- 
lowing general  formnlB : 

C.H^^,.CHrNO.;  (C.H^„),CH.NO,';  (C„H^^,),C.NO,. 
CHj.CHg.NO,       (Ciy  oCH.NOj       (C  ll3)3C.N03. 

NitroeUuHM.  Seeondary  nitropropana.         Tnttaiy  nitrotatraoe. 

The  three  classes  arc  characterized  in  the  following  manner : — 
When  a  molecule  of  bromine  is  added  to.  an  aqueous  solution  of 
one  molecule  of  the  potassium  derivative  of  a  prijnary  mononitro- 
paraffin,  an  oil  is  obtained  which  is  a  mixture  of  the  nitroparatUn 
urith  a  mono-  and  a  dibromo-dcrivativc ;  a  solution  of  the 
potassium  derivative  of  a  secondary  paraffin  thus  treated,  however, 
yields  as  sole  product  the  monobromomtroparaffin.  This  behaviour 
is  easily  explained  as  follows : — ^Bromine  has  no  action  on  the 
nitroparaffin  alone,  but  when  potassium  primary  nitropropane, 
for  example/  is  acted  upon,  a  portion  of  it  is  conferted  into 
bromonitropropane : 

CII3.CII2.cn K.NO,  -I-  Big  =  CH3.CH2.CHBr.NOj  +  KBr. 

PotHMiom  nitropropone.  Bromonitropropane. 

The  compound  thus  produced  has  a  stronger  tendency  to  form 
metallic  derivatives  than  even  the  nitroparalHn,  and  acts  upon  « 
portion  of  the  potassium  nitropropane  still  present^  forming  nitro- 
pfopane  and  potassium  bromonitropropane : 

CH,.ClI,.CHBrJJO,  +  CII,.CH^CHKJJO,«CH,.CH,.C!BrKJJO,  +  CH,.CH,.Cll,.NO,. 
BromonltroiiropaiM.        rtttMriam  nHwpfOp«i»  Potaiiliim  bramaaitnpropMiA.  MitrapuQiMUM. 

The  potassium  bromonitropropane  is  in  turn  converted  by  the 
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bromine  into  dibromonitropropane,  which,  however,  has  no  ten- 
dency to  form  metallic  derivatives^  and  i^  uot  further  acted  upon  : 

CH3.CH,.CBrK.N0,  +  Br,  =  CH,.CH,.CBp,.NO,  +  KBr. 


On  the  other  hand,  potassium  secondary  uitrupropane  is  con- 
verted hv  tlie  action  of  the  bromine  into  the  secondary  br*)- 
mouitropnjpane,  which  does  not  form  metallic  derivatives,  and 
therefore  is  not  further  acted  upon : 

(CHJ,CK.NO,  +  Br,  =  (CH,),CBp.NO,  +  KBr. 


It  would  appear,  therefore,  that  only  tliose  uitroparaffins  are 
capable  of  yicUiiug  metallic  derivatives  in  wliich  a  part  of  the 
hydrogen  is  united  with  the  carbon  atom,  which,  it  may  be  snj)- 
posed,  is  in  union  with  the  strongly  negative  N(3,,  grouj).  The 
fact  that  the  tendency  to  form  metallic  derivatives  diminishes  as 
the  scries  is  ascended,  may  be  explained  by  supposing  that  the 
hydrocarbon  group  or  radicle  of  the  form  ('„n.,„  +  ],  as  it  bccorncs 
more  complex  and  proportionately  richer  in  carbon,  acquires 
a  more  negative  character,  and  thus  tends  more  aud  more  to 
neutralize  the  negative,  or,  as  it  may  be  termed,  acidifyiug  in- 
fluence of  the  NO,  group. 

The  primary  monouitroparaffins  are  also  characterized  by 
their  behaviour  with  nitrous  acid,  which  converts  them  into  so- 
called  nUroUc  acids*  If,  for  example,  nitroethane  is  dissolved 
along  with  potassic  nitrite  in  an  aqueous  solution  of  potassic 
hydrate,  and  ddute  sulphuric  acid  is  added,  a  magnificent  blood- 
red  coloration  is  at  first  produced,  which  disappears  as  soon  as 
the  solution  becomes  acid ;  the  ethylnitrolic  acid  which  is  formed 
can  then  be  extracted  by  ether.  The  reaction  may  be  repre- 
sented  by  the  following  equation : 

CJI  NO,  +  NO,H  =  r  II.N  O,  OH,. 

Xitro«thane.  BU^loilrolic  acid. 

Nitrous  acid  alone,  however,  has  no  action  on  nitroethane,  and 
it  appears  to  be  an  indispensable  condition  in  the  formation  of 
the  nitrolic  add,  that  the  nitroparaffin  be  brought  into 
contact  with  the  nitrous  acid  at  the  moment  the  latter  is  set  free. 

Ethylnitrolic  acid  may  also  be  produced  by  the  actbn  of 
hydroxylamine  on  dibromonitroethane,  thus : 

Ca,-c'^  +  NH^OH  =  CH,.C  |JS^5hj.+  aHftf. 
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Tlio  aoifl  clir.ractcr  of  tlie  so-called  nitrolic  acids  is  tlius  shown 
to  be  dnc  to  their  coiitainin":  the  OH  proiip.  Tlieir  I'unnutioii  frum 
tlic  primary  uitroparullins  may  be  thus  represented  : 

C„Hfc+i.CH,.NO,  +  NO.OH  =  C.H,„+i.C{N.OH).NO,  +  OH^ 

PrioMiy  ottrapwafls.         Kftroasadd.  MltioHoMld. 

(1203)  E%/n»7roWr  w«,C,II,0,  =  CH,.C  (N.OHi.NOj.cryntnMuwiin  large 
yellow  prixmit  resembling  lalfcpetre  cryetale ;  it  has  an  intensely  sweet  tatfe  and 
atroni^lj  acid  reaction.  Like  the  otiior  nitrolic  ncids,  it  is  readily  soluble  in  all 
ordinary  solvpntj< :  its  sohition  in  alkalies  has  a  dcop-rcd  colour.  The  metallic 
derivatives  of  tt.i'  iiitrctlic  ac  d-*  h  ive  not  as  yet  heen  obt;iined  in  a  state  ol' purity, 
since  lliey  arc  exceedingly  uuftablc  bu<lie«. 

Kthylnitrolic  acid  meltn  at  81"— 83"  (i77*'*8— i8i*''4  F.),  bat  ia  at  the  aame 
time  deoompofled  into  acetic  acid,  nitric  pennide,  and  nitrogen.  By  water,  and 
still  more  readily  by  coiieentratfld  sulplmric  acid,  it  U  re<olved  into  acetic  aeid 
and  nitrous  oxide ;  this  decomposition,  howererj  takes  place  in  two  stages,  thus : 

CH,.C(N.OH).NO,  +  2OH,  B  CH,.C0OH  +  HNO^  +  NH^OH; 
fithjliillccdleaeU.  Acetic  ncld.      Nitrounadd.  Hjdnnilsiiilne. 

NH,.OH  +  HN(\  =  X^O  +  2OH,. 

When  an  aqueous  sohition  is  tmated  with  sodiuni-amal-^nm.  acetic  acid,  nitron* 
acid  and  atnnioni  i  are  pro-luced.  In  this  case  also,  hydrnx vlainino.  acetic  ac'd, 
and  nitrons  acid  are  probably  formed  in  the  tir^t  instance  by  the  action  of  the 
water,  but  the  hydroxylamine  is  simultaneously  redticed  to  ammonia : 

KILOH   +  H,  =  NH,  +  OH,. 
J^or  we  Jind  that  tchcn  eihtflnilroUc  acid  is  reduced  by  lift  and  hydrochloric 
arid,  aeetie  add  and  hydrujtjflamine  are  ehiained : 

CH,.C(N.OH).NO,  +  OH,  +  2H,  =  CH^CXX>H  +  2KH..OH. 
EthjrhiUroUs  add.  AccHesdd.  HfdrosrlanlBt. 

(1204)  The  sccondaiy  nitroparaffins  behare  in  an  entirely 

different  manner  with  nitrons  acid.  For  instance,  on  the  addi- 
tion of  dilute  sulphnrir  a(  id  to  the  solution  of  secondary  nitro- 
propanc,  (C1I.,).,CII.XC) in  jmtassic  hydrate  niixeil  with  })c)tassic 
nitrite,  a  nia|,'nifieeiit  blue  colour  is  developed,  and  h  while  crysiul- 
linc  substance  sej)arates.  '^Ihis  compound,  propy/pscifdonifro/, 
C.^H  X^O^,  has  the  same  empirical  formula  as  the  prupijlnitro  'in 
acid  from  primary  iiilroprojianc,  but  possesses  totally  difrcr.  iit 
pro])erties,  being  insoluble  in  water  and  alkiilit  s  ;  it  is  soluble, 
however,  in  w;;rm  alcohol  or  chloroform,  forming  a  magniticeiit 
blue  solution.  It  is  decomposed  when  heated  to  a  few  degrees 
above  its  melting  point  76^  (i68°  8  F.).  When  oxidized  by 
chrotnic  anhydride,  it  is  converted  into  diniiropropane,  C3Hf(NOn)2« 
Most  probably  propylpseudonitrol  is  a  m/rofO-nitro-derivative  of 
propane,  and  its  formation  from  secondary  nitropropane  would 
then  be  represented  iu  the  following  manner : 

(CH^jCH.NO,  +  HO.NO  =  CH,.c|^^   -|-  OH,. 

SsooadsrjidtNprapaae.       Vltcoatsoid.  mtrasoottrapioptts. 
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Sicker  niiro'derivatives  of  the  Paraffin*, 

(1205)  Tbisitkomethaxe,  or  Nitsofobm,  CH(N0,),. — The  ammonium 
dMiTitive  of  thia  bodj  is  obUuiwd  m  bmling  the  lo-called  trinitroaoetonitrile 
(121J)  with  water: 

C,(NOJ,N  +  2OH,  =  C(NO,),(NHJ  +  C50^ 


The  product  ia  then  shaken  with  anlphnrio  add  and  the  nitroform,  whieh 
iloata  as  an  oil  on  the  fturfaoeof  the  acid,  is  separator!,  li.  low  1 5"  (59"  F.)-  nitre- 
fi>mi  U  a  colourless  crystalline  solid,  which  is  moderatoly  soluble  in  wat^^r.  It 
cannot  be  distilled,  and  when  rapidly  heated  explodes  with  violence.  It  has 
marked  acid  properties,  and  jield^  a  variety  of  metallic  derivativ^es,  most  of  which 
are  eryatalUne. 

(1206)  TBTRA5ITB0MBTHANS,  C(NOj\,  i«  prepared  by  heating  nitroform 
with  fuming  nitric  acid  and  anlphario  acid  to  100^  (212°  F.).  It  is  liquid  at 
the  ordinary  temperature,  but  Rolidifies  at  13°  (SS'^  ^  F.) ;  it  is  insoluble  in 
water.  Tetranitromethane  is  naid  to  distil  without  decomposition  at  126" 
(258''*8  F.)  (SchisckofT,  Ann.  Ckem.  Pharm.,  ciii.  364  and  cxix.  247). 

(1207)  lJiMTEOPKOPANE,C,li,(NOJ,  =  CH,.C(2sO,),.CII,.  which  is  formed 
hj  oxidixing  nitroeonitropropane,  ia  a  wlute  etyatalline  anbiitanee  eloMely  re* 
■eiDhling  camphor  in  appearance.    It  melta  at  53^  (137^4  F.),  and  boila  at 

'^5°'5  (3^^^°        '^thoot  decomposition.    It  is  scarcely  soluble  in  water  or 

alkalies,  but   dissolves  easily   in   aleohol  and  ether.     It  vohitili/es  witli  fhfl 
greatest  readiness  in  a  cm  rent  of  stt'nin,  and  sriillmes  even  iit^-tif^  ordinary^ 
temperature.     By  the  action  of  tiu  and  hydrochloric  acid,  it y©  coi:k\tektid  into   •  >■  , 
OMtoiie  and  hydroxylainine:  I       ^  '^  t    *  '  ^ 

CH^C(NO,),.CU,  +4H,  n=  CH,.CO.CII,  +  2XH,.(\jI  t  Oil,.         3  j  y  p. 

Dfnitropropan«.  Acetone.  H.vdroxylainfKe.^    ;  ^     <  >  -  * 

(1 208)  Tkimtroprop.^ne,  cyijNO;^  -  CH.,(X(\).CH(NX).).Cig;NOj.  ii  1^1*^ 
formed  by  the  action  ot  d-tribromopropane  or  aliylic  tribromide  on  argentic  nitrite; — ■ 
(Braekehnsch,  Dwt.  ekem,  Oet.  Ber,,  vi.  289.)   It  hoiln  at  190**— 200**  (376° 
^392*  F.)*    By  the  action  of  an  alcoholic  aolution  of  potiuisio  hydrate  it  is 
converted  into  a  tripotassium  derivative!  C,HjKj,(N()„)j,  and  when  reduced  by  iron 
and  acetic  acid  yielda  triamidopropane  or  glyceryl-triamine,  C,H,(]S'U,),. 

Haloid  nitro-derivativeg  pfihn  Portent, 

(1209)  following  have  been  obtained: 

B.F.  (Cent.) 

Chkwonitromethane  CH..C1N0,  122°— 123** 

Trichloronitronietbane  or  rhloropicrin   .    .    CCi^NO,  j  1 2** 

Dichlorodinitrotnethane  (Marignac's  oil  ?)  .    CCl,XN<>„)j  — 

Bromouitrom  ethane  Cil'lirNO,  143"— 144® 

Dibromooitromethaoe  CHHr,NO,  155*"' 160* 

Tribromonitromethane  or  hromopicrin  .    .  CHr,NO, 

Bromotrinitromethane  or  bromonitroform  .    CBr(N()J,  — 

Broraonitroethane  CH,.CHHrNO,  145°—!  48^ 

Dibromonitroethane  CHj.CIir^NO,  162°— 164'' 

Trichlorodibroroonitroethane  CCljIir^NO^  — 

Triehkrodinitroethane  C,CI,(NO,),  — 

Bronionitropropane  (primary)    ....    CH,.CH,.t"imrNO,  155**— 165** 

Dibrnmonitro]>ropane  CH,.CHj.('Hr,NO,  184"— iH6^ 

I?roTn('iiitio[>ropane  (secondary)    .    ,    ,    ♦    (CHj)jCl>rN()j  148"" — 150' 

i>ibromoniuotetrane  (isoprimary)     ,    .    •    CE(CH,),.CBr^'0,  iSo""— 185°  • 
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(1210)  CBiABOHiTBO]ammnt,CH,ClNO,.— Nitfomefchane  »  not  attacked 
bj  ehlorine  even  in  the  stmehine,  bol  by  the  action  of  cUraioe  on  aodiam  nitra- 

nethane  ohloronitrun.cthane  is  readily  produced  (Deut.  cAem.  Gen.  Ber.,  viii. 
608).    It  is  a  oolourleHs  liquid,  which  pnsscssps  a  very  pnn^nt  irriUting  odour. 

(121 1)  Tbichlobonitbomkthanj;,  or  r/iiurcjjir/  in,  CSO.V^^- — Thin  body 
is  produoeii  whenever  nitro-coiupouuds  are  distilled  with  bleaching  powder  and 
water,  and  ie  alio  formed  when  triohloromethane  or  chloroform,  CHC1,,  ia  heated 
with  concentrated  nitric  acid  to  ioo*'(2i2°  F.)  (Mills,  Journ.  Chem.  Soc,  xxiv. 
C41).  It  is  best  prepared  bydintilling  trinitrophenol  or  picric  acid  (i  part)  with 
bleut:hing  powder  (lo  paits),  and  water  (50  parts)  ;  in  fact,  it  wns  tirst  olit^ained 
in  this  way  by  Stenhouse,  and  was  Irom  this  circunigtance  calltd  chloropicrin, 
Triohhironitroraethane  is  a  transparent,  oolonrleee,  highly  refractive  liquid,  of 
ap.  gr.  1*66 ;  it  has  a  peculiar  pnnfpent  odour,  and  attacks  the  noee  and  eyw 
most  violently.  It  is  insoluble  in  water.  When  reduced  with  iron  filings  and 
acetic  and  it  ia  converted  into  amidoniethane  or  metiiylaaiine : 

Ca.NO,  +  6H,  =  CH,.NH,  +  aOH,  +  3HClj 

but  when  boated  willi  liychiodic  acid  solution  (sp.  gr.  1*58),  it  is  decoiopoeed 

iu  the  iblluwing  wunner  (Mills) : 

CC1,N0,  +  6HI  =  CO,  +  NH^Cl  +  aHCl  +  3!,. 

By  heating  triehloronitromethane  with  a  aolntion  of  potasaio  cyanide,  Bassetfc 
{Jwm,  CAem.  8oe^  xix.  352)  ohtuined  a  substance  whioh  he  regards  as  diekhro- 

^anontfromrfhane.  (X'l.,  (CN)  NO^. 

(12  1 2)  J)ic  iii.()Uoi)iMTROMKTJiANE,  ('01^(1^0.,)^^. — When  the  mixture  of 
chluiinaitd  uaphthuleues,  formed  by  passing  chlorine  into  naphthalene  until  a 
buttery  mass  is  obtained,  is  heated  with  aitrie  acid,  a  substance  ia  produced 
known  as  Marignao's  oilj  it  u  probably  dichlorodinitromethane.  It  doeelj 
resembles  chloropicrin,  but  cannot  be  distilled  without  undergoing  decompoeitioil. 
Hydriodic  acid  acts  upon  it  in  the  following  manner  (Mills) : 

C(NOJA  +  7HI  -  NH,  -I-  NO  4-  OH,  4-  aHa  +  OO,  +  7L 

(1213)  Bjiomotei.mtbometuane,  CBr(NO,)^,  is  produced  by  the  action  of 
bromine  on  trinitromethane  or  its  mercury  dcvirative.  It  is  a  liquid,  but 
solidifies  at  la*  (53^'^  F*)  to  a  crystalline  solid ;  it  is  decomposed  on  distiUation. 

(12 14)  Tbichlobodibuomonitboethane,  C.Cl,Br,(NOj) ;  TBicttLORO- 
TRTNiTRoHTnANF.  C.CljNOj)^  — According  toHoch  {Juiirn.pr.  C/ienj.[2]  vi.95), 
when  tctrachloretliylene,  C^CI^,  \a  nctvd  upoii  by  a  mixture  of  concentratetl 
nitiio  and  sulphuric  acids,  a  nitrolricliiorelhylene,  CC'1,N()^  is  produced;  by 
heating  with  bromine  and  liquid  uitrio  peroxide  ra^ectively,  this  is  oonverted 
into  the  compounds  C],6r^0,,  and  C,C1,(N0^^ 

(12 1 5)  The  remaining  nitrobromoparaffins  are  obtained  by  the  action  of 
bromine  on  the  nitroparalHiis  in  tlie  manner  already  indiciited.  Trihruma- 
niti'omcthane  is  most  readily  prepared,  however,  by  distilling  trinitrophenol  with 
bromide  of  lime  : — 4  parts  of  lime  are  shiked  wilh  50  of  water,  and  when  the 
mixture  is  quite  cold,  6  parts  of  bromine  are  gradually  added  with  eonstaat 
agitation,  great  care  being  taken  to  prevent  any  rise  of  teni|>erature;  I  part  of 
trinitrophenol  is  then  added,  and  the  mixture  rapidly  distilled  from  a  metal 
vessel,  such  as  a  tin  oil-can  (Bola&  and  Groves,  J<mrn,  Chem,  Soc,  1870, 153>» 
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(1216)  When  brometliaiie  or  iodethane  iB  hettod  with  poUutie 
cf  amide,  or  when  a  dry  mixture  of  potasuc  cyanide*  and  potanic 
ethylic  sulphate  is  sabmitted  to  distillation,  the  product  consists 
mainly  of  a  cffanethane,  or  eikjfUe  qfomde,  whidi  yields  propionic 
add  and  ammonia  when  heated  witii  water,  in  the  presence  either 
of  an  add  or  of  an  alkali ;  thos : 

Cfifir  +  KCN  =  C,H,.CN  +  KBr. 


CJI.KSO,  +  KCN  =  C,H,.CN  +  K^SO^, 
CgHj.CN  +  aOH,  =  CgH^COOH  +  NH,. 


Gautier  has  shown,  however,  that  if  iodethane  be  licated  witli 
argentic  ajanide,  and  tlic  ])ro(hict  distilled  with  a  potassic  cyanide 
solution,  an  isonnun  t hancj  or  uoethylic  cyanide,  is  produced, 
wliich  furnishes  tbrmic  acid  and  etbylamiue  when  decomposed 
with  water  in  the  presence  of  an  add : 

'  Cyi.I  +  2AgCN=  C,H5(CN).AgCN  +  Agl; 

C,H,(CN).AgCN+  KCN  =       CgH,.CN      +  AgCN.KCN. 

CJI..CN  +  2OH-  =       C,H-.NII,     +  li.COOH. 

UoLjaufthaiw.  £Uijrlamiiie.  Funnic  acid. 

In  both  cases  the  two  cyanethanes  are  prodnced,t  but  in  the 
former  the  product  consists  mainly  of  cyanethane,  whilst  in  the 
latter  it  consists  almost  entirely  of  isocyanethane.  Cyanethane 
is  obtained  in  a  state  of  purity  when  propionamide  is 
distilled  with  phosphoric  anhydride  or  phosphoric  pentasul- 
phide: 

CgHj.CO.NHg  -f  Vfi,  =  CjIIj.CN  +  2HPO3. 

Phcwphorio        CraBatlM0.  McUphosphorio 
ubi'diUCk         *  Midi 


*  Potassio  ferrocyanide  may  be  advantageoasly  emplojred  instead  of  potaasio 
«ys&id«. 

t  The  behavionr  of  other  cjaDiden  with  the  monohaloid  imraffins  hss  not 

hitherto  been  Hutriciently  studied :  ihe  proportion  in  which  the  two  cyano- 
derivativos  are  prudiiced  appears,  however,  to  vary  buth  with  the  nature  of  tbQ 
jtnuiUii^  Mub»taucuii  aud  the  couditious  ol  experiiuuut. 
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On  account  of  its  formation  in  this  way>  cyancthane  is  often 
termed  propionifrile,*  since  it  may  be  regarded  as  a  derivative  of 
ammonia,  in  Mliicli  tho  3  atoms  of  hydrogen  have  been  displaced 
by  the  triad  radicle  (CgH^.C^)'". 

A  method  has  been  disooyered  by  Hofmann  which  yields 
isocyanethane  exclusively.  When  ammonia  acts  upon  trichloro- 
methane  in  presence  of  potassic  hydrate,  hydric  cyanide  is  formed, 
thus : 

HCCi,  -i-  NII3  +  3KII0  =  HCN  +  3KCI  -f-  3OII2. 

If,  however,  the  primary  monamine,  ethylamine,  be  substituted  for 
ammonia,  isoethylic  cyanide  or  isocyanethane  is  produced : 

CHCl,  +  aH.NH;,  +  3KHO  =  aH,.NC  +  3KCI  +  30Iij. 

Ethylaminc.  Isoevmicthane. 

On  account  of  the  relation  which  it  bears  to  ethylamine,  isocyan- 
ethane is  also  termed  ethylcarbamine. 

Judging  from  the  manner  in  which  the  two  cyanethanes  are 
formed  and  their  behaviour  when  treated  with  various  reagents, 
they  may  be  represented  by  the  formula : 

C'^j^^?*  or  C,H,-C:^N;  W'-^^  or  C,H,-N==C. 

CytoeClianfl  or  PropfoDttrlle.  TMMTanctluuM  or  Bthjtatrbainlne. 

All  the  mrthodsof  preparing  the  two  cyaTU'thaucs  whirh  liavc 
been  mentioned  may  be  gencrpJiz  "d,  and  thus  a  scries  of  com- 
pounds may  be  produced  bearing  the  same  relations  to  the 
paraHiu  methane  and  its  homologues,  that  the  cyanethanes  bear 
to  ethane. 

(1217)  The  following  is  a  list  of  the  known  monocyanoparaffins: 

H.  P.  (Cent.)        8p.  Gr. 

Cysnomethane  or  aoetonitrile    .    CH,.CN  81**— 82^  '79 

Cyanethwie  or  pi-opionitrile  .   .    CH,.CII,  CN  96*— 97" 

^^ftriir*  }  CH,.CH^CH..CN  115^-117*' 

Cy«noprorane  (secondaiy)  or  iao-  I  cH(CII  ),.CN  lof^loS^ 

CyanoUtrano  (primsry)  or  Tsle- I  p„  p„  p„  p„  «        .c,,    .  , 

TOoitrile  I  ^^.•CH,.CH,.CHytN         141         -816  at  o 

Cyanoietrane  (iaoprimsiy)  or  iso- 
Tsbrooitrila.  ..... 


CH{CH,),.CH,.CN        126'— 128"  -822  810' 


*  The  tertiary  monamines  of  the  form  N  B!"  ore  commooly  termed  nitrilt 
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B.P.(Ctat)       4^  Or. 

C^Botetnme   (tertiaij)  or  )  qcH.LCN  tbont  I03«>  (?) 

tnmethacetonitnle .    .    .  )  ^ 
Cyanoix-nlane     (isoprimao )  I  .  .CH^CBLCN  146° 

or  isocaproiutrue    .    .    .  j       \     v.      r  —9 

rilf  "  }  CH,(CH A.CH,CK  ,94'-.96- 

inaigiroiiitnw .    .   •  ./mm 

jMoeyanoparaJin*  or  Qirhaminet :  CnH]B+l~  ^  =  C. 

""^S^"."    "*!"':}  5S°-59°    755  at. 4 

Ihocyauethane  or  ethylcarbamine    CH,.CH^NC  78*— 79"     758  at  4* 

Wyaauprupane    (primary)        )  ^^^jj^  OS^-IOO* 

propylcarbuuune    .    .    .    .  j       "     ^  ^ 

I«)^ranoFopane  (.eoondary)  or )  CH(CHJ,.NC  87'        -759  at  o 

I«>cyanot.trane  (i^oprimaiy)  or  \  cH(CH,),.CH,.NC  H4'»-l  1 7^  783  at  O' 

^^^^TcT^'^."^         }  CH(CigrCH..CH^C  137- 

(1218)  PrapertleM  of  the  Cyanoporaffint  orNUrileB. — ^The  ni- 
triles,  it  will  be  observed^  in  all  cases  poeseas  a  higher  boiling  point 
than  the  conesponding  carbamines.  They  are  mobile,  colourless 
liquids  of  peculiar  but  not  unpleasant  odour,  and  do  not  appear 
to  be  poisonous;  the  lower  terms  of  the  series  dissolve  easily  in 
water,  but  the  solubility  diminishes  as  they  increase  in  com- 
plexity. They  combine  slowly  with  hydrochloric  acid,  and  some- 
what more  readily  with  hydrobromic  and  hydriudic  acids ; 
thus  cyaucthaue  forms  with  hydrochloric  acid  the  compound 
CjHjN.HCl,  and  with  ]iy(lrol)romic  acid  the  compound 
CgH.N.illiir.  Thiy  do  not  unite,  however,  with  the  oxacids, 
such  as  sulphuric  acid,  neitlier  do  tliey  comijine  witli  ilic  moniodo- 
paraffms.  They  are  not  afl'ceted  hy  argentic  or  mercuric  oxides. 
The  nitriles  unite  ^ith  many  ciiloridea ;  cyauethoue^  for  example^ 
forming  the  compounds: 

C,H,N.BC1,;  ajH^KAuCl,;  CJI.N.SbCl, ;  (C,H,N)3.PtCl, ; 
(CjII^NjySiCl^;  CjHjN.CUCig. 

The  cyanoparaffins  or  nitriles  are  decomposed  when  heated 
with  water,  and  ultimately  converted  into  ammonia  and  an  acid  of 
the  acetic  series  with  the  same  number  of  atoms  of  carbon  as 


o 


o 
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the  nitrile,  these  of  course  combine  to  form  the  ammonic  salt : 
this  change  is  greatly  accelerated  hj  the  addition  of  an  alkali^ 
or  an  acid,  such  as  sulphuric  or  hydrochloric  acid.  The  first 
product  of  the  action  of  water  is  the  oorre^onding  acid  amide : 

C„H2„^i.CN  +  OH,  =  C.H^^^i.COXII,. 

Qjanoporaffin.  Acid  amide. 

CH3CN  +  OH,  =  CHjCONH,. 

Cjanoinethane.  Acctamide, 

By  the  continued  action  of  water  the  amide  is  converted  into 
the  ammonic  salt  of  the  corresponding  acid  of  the  acetic  series : 

Callga+i-CONH,  +  OH,  =  C„H,„+j.COONlI^. 

Add  tmide.  Ammoiilo  nit  of  idd. 

CaH-.CONU,      +  OH,  =  CJL.COOXII^. 

Propioaamido.  AmBionie  proptonat*. 

^  If  the  action  of  water  take  place  in  presence  of  an  alkali^ 
free  ammonia  and  the  alkaline  salt  of  the  acid  of  the  aoetie  seriea 
are  obtained ;  in  the  presence  of  an  acid,  on  the  other  hand,  the 
products  are  the  f^  acid  of  the  acetic  series  and  the  ammonic 
salt  of  the  acid  employed. 

The  cyauoparaflfins  are  conyerted  by  the  action  of  nascent 
hydrogen  into  the  monamidoparaffins,  or  primary  monaminea 
containing  the  same  number  of  atoms  of  carbon : 

C|»H,.^.i.CN  +  2H,  =  C.H,„^.i.CH,.NH,. 
CH,.CN     +  aH,  =  CH,.CH,.NHj^ 

These  nitrilea  are  readily  attacked  by  sodium  and  potassium,  and 
are  in  part  decomposed,  a  metallic  cyanide  being  formed  and  gas 
evolTcd ;  at  the  same  time  a  portion  undergoes  polymerizatioii. 
Cyanomethane,  CH3CN,  may  in  this  way  be  converted  into  cyon- 
m^khte,  CgHyN,^  (Bacyer,  Deut.  ehem.  Get.  Ber,,  ii.  319),  and  cya&- 
ethane,  CoH^CN,  into  eyanethme,  C^H^gN,  (Prankland  and  Kolbe, 
Ann.  Chem.  Pharm.,  Ixv.  288).  Both  are  crystalliue  coinpouuds, 
soluble  lu  water;  the  former  melts  at  iHo^ — 181°  (356*^ — 357°'^ 
the  latter  at  190    (374  They  may  be  boiled  and  even 

melted  with  potassic  hydrate  without  sufferiuj?  alteration.  They 
form  a  series  of  wcll-crystallizcd  salts  with  acids,  such  as 
cyanmethaue  hydrochloride,  CgH^i.X.jCl ;  cyaumctliinc  nitrate, 
CfllniNgNOgj  cyanethiue  nitrate,  C,H,^jNO,;  and  cyanmethine 
sulphate,  Cj  JI.  .N,.SOj. 

(12 1 9)  Proptrtit's  of  the  Isocyanides  or  Carbamines. — They  are 
colourless  liquids,  which  possess  most  nauseous  odours,  and  exert 
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highly  deleterious  effects^  almost  immediately  producing  nausea, 
vertigo,  headache,  and  depression.  The  lower  tcnii>  arc  soluble 
in  water,  but  the  solubility  diminishes  as  the  series  is  ascended. 
Thev  combine  very  readily  with  the  haloid  acids  and  oxacids, 
much  heat  beiug  evolved  in  the  act  of  combination  ;  they  also 
unite  with  the  iodoparatHns  at  ordinary  temperatures.  The 
isocyanoparafhns  or  carbamines  are  oxidized  with  very  great 
readiness  by  mercuric  and  argentic  oxides,  aud  converted  into  the 
corresponding  iaocyanatea  or  carbimides^  thus  : 

C^HjNC  +  HgO  =  CjH^NCO  +  Hg. 

tKKjnuAlum  or  Xthvlic  cy&n^  or 

•OvkiMtamiiMu  attajkuUnldt. 

Various  secondary  products,  however,  are  usually  formed  at  the 
same  time,  owing  to  the  violence  of  the  action. 

They  are  only  slowly  decomposed  by  pure  water,  or  by  an 
alkaline  solution,  hut  are  very  rapidly  changed  when  acted  upon 
by  an  aqueous  solution  of  an  acid,  such  as  sulphuric  or  hydro- 
chloric acid.  They  are  converted  into  the  substituted  amide 
of  formic  acid  : 

CN.C.H»,^i  +  OH,  =  HCO.NHC„Hte^i ; 

CN.CH,     +  OH,  =  HCO.NHCH3 ; 

laoqraoometbuM  Xtthjlfomuunide. 
oroMllqrlMrbuiliM. 

and  finally  into  formic  arid,  and  the  amidoparafHu  or  primary 
monamine  containing  one  atom  of  carbon  less  than  the  earbamiue : 

HCO.NHC„Hfc+i  +  OH,  =  HCOOH  +  HN,C.H»,+i, 

HCO.NIICIIj  +  OH,  =  IICOOH  +  NH.CH,. 

Mathjlformflm ide.  Formic  acid.  ilctb^  lamine. 

The  carbamines  undergo  decomposition  when  heated  in  closed 
Tessels  above  their  boiling  points,  but  the  nature  of  the  products 
has  not,  as  yet,  beeuMtisiactorily  ascertained  ;  a  portion  of  the 
oarbamine  appears^  however,  to  be  converted  into  the  corre- 
sponding nitrUe. 

(1220)  Higher  cyano-derivativcs  of  the  paraffins. — The  nurnb<>r  of  these 
k  «t  pment  eictvenely  limited.  Trici/amrngthaniB  or  e^auoform,  Cll(CN),,  i« 
iMd  to  be  produoed  by  heating  triofalorometh«ne  with  potaeeie  ejanide  (Fairiey), 
Off  tciiodomethane  with  mcreario  oysnide  (Pfankuch) ;  in  the  later  case,  it  is 
obtein(>d  in  rombination  with  mcrcorio  iodide  M  2CU(CN),.3UgI,,  aad  OSQ  only 
be  »ej<arHtt'(l  Irom  it  with  ditficulty, 

l}ict/an€(lHtne,Qi\i^\^ii\Q  cyanide  or  tiaccinonitrile,  CjH^(CN)j,  Duyanopropane 
or  propylenic  dicyanide*  C,H,(CN),,  and  Tricyampropan/t  or  sUylio  trioyaoide. 
C,H,(CN)g,  have  been  obtdned  iwpeottvdly  by  the  loiion  of  a'^ibtometliaiM  or 


/ 
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ethylmio  bromide,  /S-dibromopropane  or  propylenio  bromide,  and  a-tribvomo- 
propone  or  tribrombydrin  on  potuMO  cjatnide.  All  tbeM  bodies  beluog  to  the 
olMi  of  sitrilM. 

Maloid  Ci/ano-derivatioet  qf  the  Paraffins. 

(1221)  By  distilling  monochlor-,  dichlor-.  and  trichlonu-etaniidp  rpspoctively 
with  pluisphnric  aiihv<lriiio.  tlu«  tollowiti^-  chlorinated  derivatives  ol' cyanonielhantf 
or  ttceUmitrile  iiave  becu  obtuiued  (liibhchu^mk,  Dtut.  vliem.  Gts.  JJcr.,  vi.  731) : 

B.P.  (Coat.)  S^Gr. 

Odorocyanom.thaue    or  )    ^  I23'-124-  1-2^4 

chloraeetonitnle .    .  |      •  <j  -r 

Dicbloroqraaomethaj^  ii2»-ii3'    1374..  114 

dichloraoetonitrue    .j         *  .*»-r 
Trid.lorocyanon.ethane  or  \        ^         83*-84*      r439  n  "••2 

Th\i  serieti  of  derivuiives  aflbrd^  a  very  remarkable  imtanoe  of  a  depre&sioa  of 
boilin^-lK)int,  resulting'  ti\mi  tlie  introduction  of  chlorine  in  place  of  liydro^en. 

Cvaiiomcthune  and  cyaiietliane  are  converted  by  heHtint;  with  bromine  into 
the  hydrobromiJci*  ot  inonobroniinatA^'d  derivative*  :  CH,BrCN.HUr  aud 
C2U^BrON.HBr.  The  aiAion  of  ohlorine  on  oyanethane  produoea  a^diekhro' 
eyantthane,  C,U,C1,CN. 

(1222)  Coiuiitultom  of  ike  F^minaUt. — When  nerenric  fulminate  (l  1 50) 

iadiktilled  with  bleiichint;  powder  solution,  trichloronitroinethaue  or  chlorOfMcrin  it 
produced,  and  when  it  is  ^ubnlitted  to  the  action  of  chlorine,  it  al!<o  yields  tri- 
chloroniu-ouiethane  to<;etlier  with  cyHno*;en  chloride  and  mercuric  chloride. 
Thcfe  reactions  led  Kekule  tu  the  conclusion  that  the  luiniinatcs  contain  ihe 
nitro-  or  NO,  group,  and  the  cjano-  or  CN  group,  and  he  therefore  propoeed 
for  the  hypothetical  4iilminie  add  the  formnia  CH,.NOg.GN,  which  is  that  of  a 
nitrocyanometbane  or  nitroacetonitrile,  repreaenting  the  action  of  chlorine  on 
the  mercury  deri?atiTe  by  the  equation  s 

CHg^NO^CN  +  3(3,  =  0(n..NO,  +  CNCa  +  HgCI,. 

Marouteltalmlliato.  Tr;M>!om.  Cyanosren 

swwuw   I  III.  nilrouit thane.  chionde. 

This  view  of  the  coniitittition  of  the  fulminates  appears  to  ha»e  been  hitht  rto 
ahiiost  universally  adopted;  recent  additions  to  our  kno\vled«;e  tend,  however,  to 
inodiiy  it.  Thus  AIe)er'»  ret>earclies  on  the  nitroparaiiins  have  shown  that 
the  intrudncUon  of  the  NO,  group  in  place  of  hydrogen  in  n  paraffin  vendera 
<Hily  a  single  atom  of  h}  drugen  displaceable  by  metaia,  whereaa  Ivo  aiomt  of 
hydrogen  in  fulminicacid  may  be  displaced  ;  the  cysnioparaffins.  we  know,  have 
no  tendency  to  ibnn  niotallic  derivatives.  The  formula  C'H,Nt>,('N  would 
indiciite,  moreover,  that  the  Uvo  atoms  of  hydrogen  in  fulminic  acid  are  of  equal 
value,  but  this  not  the  ca^ie  ;  for  ou  heating  mercuric  or  argentic  fulminate  with 
potamc  hydrate,  only  half  the  meroury  or  eilTor  can  be  displaced  by  pataa«ium. 
Both  the  cyanoparailins  and  the  nitroparaffins  areoompoundit  of  very  considersible 
Stability,  and  it  therefore  appean  likely  that  a  iiitrocyanoparailin  would  also  be 
a  fairly  stable  suKslance ;  but  fulminic  acid  is  so  unstable  that  it  cannot  be 
i«olati.d.  An  argument  of  far  greater  weight,  however,  is  derived  Irom  the  con- 
sideration of  the  drcamstaooe  that  the  fulminates  are  produced  by  the  action  of 
nitttfu*  acid  on  etfaylio  alcohol  in  prest>nce  of  a  nalt  of  mercury  or  ailver. 
M<  yer'tf  researches  have  shown  that  the  action  of  nitn  us  acid  on  the nitroparaffina 
leads  to  the  displacement  of  hydrogen  either  by  the  JKO  or  iu<roio-gronp»  or  tho 
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2r.0H  groap;  in  no  «M  don  nitrou  add  prodvea  luiro-derivBtiveB.  Tho 
fidloviDg  may  iberafim  he  anggerted  ai  »  not  improbable  ezplanatioo  of  the 

Ibrmation  of  fulminic  acid  firom  ethylie  aloobol  and  nitrooa  add.  Omitting  the 
melHll  0  >=::i1t,  the  first  actioD  may  he  auppoeed  to  ooonr  in  the  manner  rqptesented 

by  the  equation : 

CH,  NO.OH      CH^NO  OH. 

^OH  *  NO.OH  "*  C(N.OH)OH  *  OH,' 

The  compound  thus  produced  is  then  converted  by  the  loss  of  the  elements  of  a 
molecnle  of  water  into  folminio  add : 

CH..NO  CH.NO 
I  '  =  OH,  +  II 

C(N.OH)OH         ^  C(N.OH) 

If  tine  eacpreedon  be  adopted,  the  fovmoliB  tat  argentie  and  mereoiio  fnhninatee 
woold  be  aa  Mows : 

.  0«N-C=C=N-0 
^  I  I 

0-N-C  =  C  =  N-0-Ag  '  ^»  ^ 

0=N-C=C=N-0 

Argentic  falminate.  Mercuric  fulmin&t«. 

By  the  action  of  bromine  and  iodine  on  mercuric  fulminate,  the  mercury  is  dis- 
placed by  the  equivalent  amount  of  bromine  and  iodine,  and  the  so-culled  dibrom' 
mtroaeetonitrile,  C,Br,N,0,,  and  diiodoniiraeeiouitrile,  C,I,N,0,,  are  produced ; 
both  of  tbeee  ar»  eryetalline  snbetanoea.  The  bromo-derivative  of  a  oompoand 
represented  by  the  expression  above  given  woold  have  the  formula  NO  — CDr  - 
C  -  N  —  OBr,  but  such  a  compound  would  prolialil y  be  at  once  converted  by 
"  intratnolecular"  chan;j:e  into  NO  —  CBr  =  C'ilr  —  }s< ) ;  it'  thi»  be  the  COM,  the 
bromo-derivative  of  fulminic  acid  is  a  dinitrosudibro/fiel/tj/lene. 

(1223)  J^UjmiHirfto  aeid,  C,H,0,N,. — ^The  preparation  of  tiiia  body  from 
mereurio  fiilminete  has  been  previottdy  deeoribed  (115 1).  It  only  cootaina  one 
atom  of  hydrogen  displaceable  by  metals,  but  too  little  id  known  of  its  reactions 
to  enable  us  to  r(  j)reserit  it  by  a  rational  formula.  When  fulminuric  acid  is  acted 
upon, by  a  mixture  ol"  the  strongest  nitric  and  sulphuric  acids,  a  cry^-^talline  sub- 
stiiDce  of  the  c()ropositii>n  C',N^(>^  is  produced,  which  Ktkulc'  conaidcrs  to  be 
irmitroaeeltmUrUe,  C(NO,),CN.  By  the  nction  ofsolpbuxetted  hydrogen  this 
body  is  converted  mto  the  ammonium  derivative  of  a  eompoond  n^guded  aa 
iimifrwreUmitrile : 

0(NOJ,GN  -¥  4SH,  »  C(N0J.(NUJCN  +  80H,  -t-  48. 

§  XL  Htdbocarbons  or  m  CJI^^  or  Olehni  Sbbibs. 

(1224)  The  hydrocarbons  of  this  series^  which  is  the  second 
of  the  isologous  series  of  hydrocarbons,  may  be  regarded  as 
derived  from  the  corresponding  paraffins,  CnH,,,^.^,  by  the 
removal  of  H,.  Hofmami  proposed  to  distinguish  the  olefines  by 
the  termination  ene,  forming  the  name  of  the  oleHne  from  that 
of  the  corresponding  paraffin,  by  changing  the  termination  ane 
into  ene:  as  ethane,  ethene;  in  the  nomenclature  generally 
adopted,  however,  the  ending  is  ylene,  aa  ethane,  ethylene. 
8  N 
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Altbougb,  hitherto,  the  leries  has  been  but  imperfectly  investi- 
gated; the  foUowing  terms  are  known,  mauy  of  which  include 
iflomerides : 


.  C.H, 

Decylene  or  Dmmyiene.  . 

Fropylena 

•        a  • 

0  .  C,,H^ 

Batjlene  or 

Tetfyleno 

Dodeoylene  or  Triipolraijlan 

Amylene  or 

Pentjleno 

•  (\".« 

PentadeC{jl«iio  or  TMimjloM 

Hexylene  . 

«      •  • 

H»'ptylene 

•       •  • 

The  first  three  members  of  the  series  are  gaseous  at  the 
ordinary  temperature ;  cerotene  and  melene  are  solids,  and  the 
remaining  terms  are  liquids. 

The  compound  CH,  (methylene),  which  might  be  supposed 
to  be  the  first  of  the  series,  lias  never  been  prepared,  neither 
does  it  seem  to  be  capable  of  existing,  for  in  those  cases  where 
we  might  expect  to  obtain  it^. ethylene  is  produced  instead; 
thus: 

aCHglj  +  4Na  =  C^H^  +  4NaI. 

DOodomcClttntk  Sthrkne. 

(1225)  ^^i^f^  *(f  Formation  of  the  Ohfines. — These  hydro- 
carbons, besides  occurring  amongst  the  products  of  the  destructiTe 
distillation  of  many  organic  substances,  such  as  coal,  may  be 
produced  by  a  variety  of  well  defined  reactions. 

I*  Olefines  are  formed  by  the  action  of  dehydrating  agents, 
such  as  sulphuric  acid,  phosphoric  anhydride,  «nd  zincic  chloride, 
on  the  alcohols  of  the  ethyUc  or  CbH,o^i.OU  series : 

C,H,„^,.OH  =  C„H^  +  OH,. 

When  sulphuric  add  is  employed,  it  would  seem  that  the 
action  always  *takes  place  in  two  stages :  in  the  first  an  acid 
ethereal  sulphate  is  produced,  and  this  is  subsequently  resolved 
into  the  olefine  and  sulphuric  acid ;  thus : 

C,Hjp,^.i.OH  +  H^O^  =  C.H^+i.HSO^  +  OH,; 

C.H^.OIJ  +  H,SO^  =  CJIg.IISO^    +  OH,; 
C,Hj.HSO^  =  CgH^  +  HjSO^. 

■Uvlblildxtefiilptolii  Ittvlm. 
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a.  By  the  action  of  beat  on  ihe  monohaloid  deriTatiyes  of 
the  parafl^^  or  on  treating  them  with  an  alkali,  a  molecnle  of 
the  haloid  acid  is  eliminated  and  an  olefine  is  formed.    In  some 

caaes  the  action  of  an  alkaline  hydrate  in  aqneons  or  alcoholic 
solution  is  sutticieut  to  cli'cct  the  decomposition,  whilst  in  others, 
the  vapour  must  be  passed  over  heated  lime : 

CnH^^.iCl  =  C^Um  +  HCl. 

CfifiL  +  KHO  =  C,H^  +  Ka  +  OHy 

CUorethane  or  Sfbfkaik 
Eth.Tlic  chloride. 

3.  Together  with  a  paraffin  by  the  action  of <  some  metals  on 
the  monohaloid  derivatiYea  of  the  parafl&ns^  aa  already  noticed 
(p.  130)- 

4.  By  the  action  of  the  sine  oiKano-metallic  oomponnda  on 
the  monohaloid  derivatiTca  of  the  olefinea : 

Zn(C,H,),   +   C,H,Br  =:  C^Hg   +  ZnBrCjHj. 


Bronu'tli  itu' or  BoljlMlib  Zincic 

CtUde.  viii)lic  brumide.  bromi-thide. 

5.  They  are  also  produced  by  the  action  of  sodium  on  a 
mixture  of  the  monohaloid  derivatives  of  the  paraffins  and 
ulefines : 

CH,I    +  C,H,I     +  sN*  -      C^H,      +  sNal. 

lodomethane  or        s-Iodopropane  Bn^lans; 

methvlic  iodide.         or  all>uc  iodide. 

6.  By  the  action  of  aodinm  on  dihaloid  deriyativea  of  the 
paraffins : 

C^H^Cl,  +  aNa  =  C^H,^  +  aNaCl. 
C,H^,C1,  +  aNa  =  CjHio  +  aNaCl. 

WdiloropeiitMfc  Amytaw. 

7.  By  the  oxidation  of  the  dibasic  acids  of  the  succinic  or 
CbH]ii(C00U)2  series,  during  the  electroljiiiti  of  their  solutions : 

2C„H2„(COOH),  +  O5,  =  2C„H2„  +  4C0a  +  aOH,. 

aC.H.lCOOII)^,  +  Oj  =  +  400^  4-  aOHy 

Stuwiiik  acid.  £Uijrlen«. 

8.  In  some  instances,  the  organic  analogues  of  ammonic 
hydrate  split  np  when  heated  into  a  tertiary  monamine,  an 
olefine  and  water ;  thoa : 

(C,H3),N.0H  =  (C,n,)3N  +  C,H,  +  OH,. 

T«lntbiylamiiMuie  Itjdnle.      Trietbylniifiit.  ItbyleM. 

v2 


r 

Digitized  by  Gopgle 


180  PROIERTtES  OF  THE  OLEFINES.  [l226. 

(1226)  Properties  of  the  Olejhies. — i.  The  olefines  are  capable 
of  unitiii«^  (liiTotly  with  a  molecule  of  a  haloj^cn,  and  also  with 
iodine  and  l)romiiic  chlorides,  ICl,  BrCl,  and  with  iodiue  bromide^ 
BrI,  to  produce  dihaloid  derivatives  of  the  paratiius : 

wbere  X.,  represents  a  molecule  of  a  halogen  or  of  a  compound 
of  two  halogcDS  I  thus : 

CgH,  +  CI,  =  CjH.Cl,.    C,H,  +  Br,  =  C^H^Br,. 

XUigrlMMi,  a-Dkhlnret>iane  PnfjiMa.  ^.Dibronioproivane 

(Ethjienic  chloride).  (Fropjienic  bromide). 

2.  The  olefiues  unite  with  the  haloid  acids,  producing  mono- 
haloid  deriyatives  of  the  panflBns.  This  combination  takes  place 
most  readily  with  hydriodic  acid,  and  more  readily  with  hydro- 
bromic  than  with  hydrochloric  add. 

c^i,,  +  Hx  =  c„ir,.,,x, 

where  HX  represents  a  molecule  of  the  haloid  acid.  * 
CjHj,  +  HBr  =  CjE^Br.     C,Hg  +  HI  =  C,H,I. 

PnpjIaMii  ^•IlromopropaDe    Botjlou*.  lodotetrane 

(Ii^ioiqrUo  ImNDlde).  (Bn^Ue  ktdid*). 

The  isomeric  olefiacs  combine  with  tha  haloid  acids  with  very  different  degrees 
of  rt  iidiness  :  the  union  beint;  in  some  cases  easily  effected  by  agitatinj?  the  define 
with  a  cold  saturated  solution  of  the  arid.  w  liiUt  in  others  it  is  necessary  to  heat 
mure  or  lei>»  in  order  to  cause  them  to  combine.  This  ciicuni^tance  uiuy  alTord 
a  oonTeDieiit  iiMam  of  taparating  iaomerio  define*,  aud  abo  of  indicating  the  parity 
of  an  olefine.  It  would  appear  that  thow  of  higheat  hoiling-point  (tho  eo-callad 
normal  oleHnea)  combine  least  readily,  and  those  of  lowest  boiling-point  at  tha 
opposite  extremity  of  tho  isomeric  ^»e^^e8  mo^t  readily,  the  intarmediata  terms 
being  aliio  intermediate  in  their  behaviour  with  haloid  acids. 

3.  They  also  onite  directly  with  hypochlorous  add,  forming 
monochlorinated  monohydric  alcohols  or  glycollic  chlorhydrins : 

+  ClOS  =  C.H,„C1.0H. 

C,H^  +  ClOH  =  CjjH.CLOH. 

BtlijlaDa.  MoDiochlorethylio 

ikohol. 

These  chlorinated  alcohols  are  readily  converted  into  alcohols 
of  the  ethylic  or  CaHj„.|.i.OH  series,  by  the  action  of  nascent 

hydrogen. 

4.  The  olefines  unit|  with  sulphuric  acid,  forming  add 
ethereal  sulphates : 

Cyi^  +  HgSO^  =  CJL.IISO,. 

EtbjfleQe.  Bjdrio  ett^lie  •ulpbst*. 
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These  sulphates  when  distilled  with  water,  yield  sulphuric 
add  and  the  corresponding  alcohols  of  the  ethylic  series : 

CjHj.HSO,    +  OH,  =  HjSO^  +  CjH^.OH. 

The  ezperimentii  hitherto  ninde  appear  to  indiflSte  that  the  combination  of 
the  olefitios  with  the  haloid  atjids,  with  hypochlprouK  acid,  and  with  sulphuric  aoid, 
is  governt-d  l>y  a  very  simple  law,  which  is  that  the  more  nei;^ative  radicle  (X')  of 
the  oompoaiid  ( HX')  entering  into  anion  with  the  olefine,  always  attaches  itself  to 
the  leMt  bydro^^enized  earbon  atom.  Thu  in  the  osae  of  propylene  the  taXUtmrng 
metione  have  ben  obaerfed  s 

CH,.CH=CH,  +  HI  =  cn,.cni.cH,. 

Propftaie.  Isopropylie  lodlds. 

CH,.CH=Cil,  +  C1.0H  =  CH,.('HCI.CHXOK). 

PrapyleDO.  Chloroproprlic  ;  leohol. 

CH,.CH=CH,  +  H,SO^  =  CII,.CH(1I8UJ.CH,. 

Propjlene.  Iioprop}  lie  hydric  ■olpbsts. 

All  of  these,  it  will  be  obtenred,  are  in  aooosdanee  with  the  general  eqnation : 

CH,.CH«CH,  +  HX'  =  CH,.CHX'.CH,. 

and  it  is  probable  that  the  combination  of  the  oletiues  with  other  compounds 
follows  the  same  general  law. 

5.  Tlic  action  of  oxidizing  agents  on  the  olcfmes  varies  with 
the  nature  of  the  reagent  employed,  and  the  conditions  of 
experiment.  Thus,  according  to  Chapman  and  Thorp  {Joum, 
Chem.  Soc,  1866,  xix.  491),  a  solution  of  potaasic  dichromate, 
to  which  sufficient  sulphuric  acid  is  added  to  form  chromic  sul- 
phate with  the  chromium  and  hydric  potassic  sulphate  %rith  the 
potassiiun,  oxidises  ethylene,  C^H^,  to  carbonic  anhydride  and 
water,  and  converts  amylene,  Cfi^  firom  fermentation  amylic 
alcohol^  into  acetic  acid,  carbonic  anhydride,  and  water : 

C5H10  +  70  =  iCAip^  -h  CO,  -I-  OH,. 

Araylene.  Acitif  Hcid. 

Ilexylcnc,  (',,H,^,  from  maimitc,  yields  propionic  and  acetic 
acids,  carbonic  anhydride  and  water : 

CjHj,  +  70  =  C3H.O3  +  C,H,0,  +  CO,  +  OH,. 

HnyloM.  .  Pnptonie  add.  AmUomUL 

Similar  results  are  obtained  with  a  solution  of  potassic  permanga- 
nate acidulated  with  sulphuric  acid. 

Truchot  states,  however  {Coinpt.  Rend.,\\\'\\.  274),  that  a  solu- 
tion of  \n\Yv  potassic  pcrman«^anatc  oxidizes  ethylene  to  t'ormie 
acid^  carbonic  anhydride  and  watei,  and  propylene^  ^t^«>  ^ 


0 
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acetic  acid,  formic  acid,  and  water,  whilst  aniylenc  yields  butyric, 
propionic,  acetic,  and  formic  acids.  According  to  Bcrthelot 
(Coi/ijjf.  Rend.,  l\iv.  3^),  an  alkaline  solution  of  potassir  jxTmaii- 
ganate  converts  ctliylcne  into  oxalic  acid,  C2H.,0^,  j)ro{lucing  also 
formic  acid  and  carl)onic  anhydride ;  propylene  is  said  to  furnish 
nm Ionic  acid,  C^H^O^  together  with  oxalic,  acetic,  and  formic 
aeida ;  and  amylene  appears  to  yield  ])yrotartaric  acid,  CgH^O^ 
besides  succinic,  malonic,  and  oxalic  acids,  and  various  a  ids  of 
the  acetic  series.  Berthelot  also  states  [ihid.j  Ixviii.  334)>  that 
whea  a  solution  of  pure  chromic  acid  is  employed,  ( thylone  is 
converted  into  aldehyde,  C^H^O;  whilst  propylene  furnisheft  a 
notable  quantity  of  propionic  acid,  QJRfi^  besides  acetone, 
CjH^O,  and  acetic  acid ;  amylene,  when  similarly  treated,  yields 
tq^ether  with  neutral  products,  a  mixture  of  acids  of  the  acetic 
series,  containing  a  considerable  quantity  of  yaleric  acid,  C^H^qO,, 
also  butyric,  propionic^  and  acetic  acids,  and  a  small  quantity  of 
formic  acid. 

6.  The  olefines  undergo  polymerisation  with  great  £scility ; 
thus  amylene,  C^H^q,  from  fermentation  amylic  alcohol,  when  it 
is  added  to  concentrated  sulphuric  acid,  or  warmed  with  sincic 
chlorifle,  is  almost  entirely  converted  into  its  polyraerides  diamy* 
lene,  Cj^H,,^,  triamylcnc,  C,.II,^^j,  and  tetraniylcne,  C,,^JIj^. 

(1227)  J-'iomi'rism  of  the  0/efincs. — Although  at  present  com- 
paratively little  is  known  of  the  olcliues,  it  a})pcars  probable  that 
they  may  all  be  represented  as  derived  from  ethylene,  II^C  =  CHa, 
by  the  substitution  of  the  so-called  monad  positive?  radicles 
CjjHjy^j  for  one  or  more  atoms  of  hydrogen.  According  to 
this  view  only  one  propylene,  C^Hg,  is  possible,  having  the 
formula  Il,r  =  CII(ClIJ.  If,  however,  the  hypothesis  be 
adopted  tliat  an  olefine  is  capable  of  existing,  corresponding  to 
each  of  the  isomeric  dihaloid  derivatives  of  the  paratfins,  there 
would  be  two  ethylenes  corresponding  to  the  two  dichlorethanea ; 
thus: 

HH  HH  HH  HH 

II  I        i  !        I  II 

CI— C— C— .CI    ;    C=:C    .    H— C— C— CI    i    H— C— CQ. 
II  II  II  I 

H  H  H   U  U  01  H 

a-Uichlorethane.  ElhjIcM.  /l-DicbloraCluuie.  BUiflMMM 

(Uiijrleoicohlofid*).  (BtivUdetti«  chloride). 

Similarly  there  would  be  no  less  than  four  propylenes.*    As  a 


•  The  !i umber  of  possible  oleHiii'^  also  becomes  lart;e]y  increased  if  it  be 
a^:»umed,  ihut  not  ooly  may  two  oi  the  atoiua  oil  carbon  iu  each  oieline  be  united 
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matter  of  fact,  however,  only  one  ethylene  and  one  propylene 
have  been  isolated.  lu  like  manner,  the  former  hypothesis  sup- 
poses the  existence  of  but  three  bntvlenes :  H.,C  =  CH(C2H5) ; 
H,C=C(CH3)3;  and  (CH3)HC=CH(CHj),  whilst  the  latter  per- 
mits  no  less  than  nine  modiHeations. 

If  the  defines  be  regarded  as  derived  from  ethylene^  they 
may  be  divided  into  groups,  in  which  one,  two,  three,  or  four 
atoms  of  the  hydrogen  in  the  ethylene  are  displaced  by  radicles 
of  the  form  CJl^^i,  as  follows : 

CH,  CH.C,Hg,^rt     CH,  CH.CaH,B4.i  ^{Otfl^xi^ 

n+l        ^'(^'nlljn+l)j        ^C!oH,„+,),  t'X^n^^»n+l)l 

Qmavf  L  Qmovt  IL  Gauur  Hi.  Qmam  IT.  Gaon  T. 

Each  of  these  five  groups  may  be  again  snbdivided^  according  to 
the  nature  of  the  CJl^^^^  radicles. 

The  Table  on  the  following  pages  contains  a  list  of  the  few  ole- 

fines  at  present  known,  to  which  rational  formulae  may  be  assigned 
with  more  or  less  confidence.  The  formula?  there  «^iven  are, 
however,  in  many  cases,  merely  those  which  api)car  most  pro- 
bable, as  much  experimental  evidence  is  still  wanting  to  render 
our  knowledge  of  this  series  at  all  satisfactory. 

(1228)  Ethtlbns  or  Ethbmb. — Ol^ani  Ga»,  Heavy  Car" 
haretted  Hydrogen,  or  EUtyL  C3H^=28.HjC=CH,. — This 
gas  is  formed  together  with  other  hydrocarbons  during  the 
destmctiye  distillation   of   coal,  and  of  many  resinous  and 

fatty  bodies  ;  it  is  one  of  the  most  important  luminous  consti- 
tuents of  coal-gas.  Berthelot  has  shown  tliat  it  is  present  in 
small  quantity  amongst  the  products  of  the  destructive  distilla- 
tion of  baric  formate^  (HCO^^B&f  and  also  that  it  is  formed 


by  two  aiBmtiM  of  «Mh,  m  aipiwroJ  Ij  the  fonnala  H,C«>CH^  or  the  two 

hot  that  free  affiaitiw  may  edat  aa  roprwented  by  the  fomohB : 

H   H  H 

-»C-i-   ;  H-C-i— H 

II  II 
H  H  U 

At  pwiflnt,  howerer,  there  does  not  appear  (0  be  any  evidenoe  m  fiiTOur  of  this 
eaiwniptioii. 
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Table  qf  Homologoua  . 


CH, 
Bflries  II 

• 

CH(CnHin+l 
flCflei  It 

Formula. 

B.F.  (Cent.) 

Formula. 

B.P. 

OB«tCHa 

CHatOH(CBa) 

• 

0«H, 

CHa  t  CHCCaHi) 

f 

CH(0H^tOH(CBy) 

S* 

C|Hio 

Amjleoe     ....  i 

CH,:CH(C,H7)* 
CH, :  CHlCH,)^ 

CH(CH«)  :  CH(C,H«) 

36= 

GUHi. 

HnrlflM           .   .  1 

**C*JMWiW        •    •      •      •  T 

CH, :  CH(C«n,)* 
CH,  :  CH(C«H,)« 

«•* 

CyHu 

CH,:CH(C.n„)» 

•M 

CH, :  CH(C,Hu)* 

•M 

CuHa 

Endeoylene    .   •  .  . 

CHs:CH(C,Hm)* 

aoo° 

Doilrcylcno     •   «   .  . 

• 

Triik'L'vlena 

Tttradocylene 

Pont  i<l!-crlMi0 
(  rri;itiiv  Ifue) 

(C'et«ue) 
TetraxqjtloM 

CarotiM 

together  with  mothaTio,  on  passing  sulphuretted  hydrofjen  mixed 
with  the  vapour  of  carbonic  disulphide  over  copper  heated  to  dull 
redness ;  very  little  ethylene  is  obtaiued,  however^  the  gaseous 
product  being  chiefly  hydrogen. 

Ethylene  is  also  produced  by  the  action  of  sodium  oa 
diiodomethane,  CH  J.^ ;  by  heating  metbylic  alooholi  CH3.OH,  with 
phosphoric  anhydride ;  and  by  the  action  of  sodium  on  a-diiode- 
thanOj  and  on  a-  and  /3-(liehlorcthane.  Whilst  a-dichlorethane, 
however,  is  readily  attacked  by  sodium  at  a  temperature  below 
the  melting-point  of  the  latter,  j3-dichlorethane  may  be  distilled 
over  the  metal  without  change,  and  is  only  acted  upon  when  the 
twa  are  heated  together  to  about  100^.  (aii*^  ¥.),  The  mono- 
haloid  deriyatives  of  the  paraffin  ethane,  ^9^91  yield  ethylene 
when  passed  through  a  tube  heated  to  dull  resets;  and  it 
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and  Isomeric  Olefine$, 


C(C|HBi4l)t 
BflliM  1             .  • 

B.P. 

VonndiL         |  KP. 

FlufBnIiht 

B.P. 

CH(CB^iO(CHa)t 

CH(CH,)  :C(CH,)(C,H») 

68^— 7a<' 

.  CH(Cn,)  :  C{C,ITj), 

83" 

C(CH,)(CsH7)^ :  C(CH,)  (C,H,)^ 
(Uiamjleoe). 

C(CH,)  ( Cj.H,)  :  CfCH,)  (C4H,) 
(f  IriiMbotflaoA). 

iit^— 196* 

is  also  fonned  when  iodetbane  or  ethylic  iodide,  C^H^I,  is  heated 
vith  an  alcobolic  solation  of  potassic  hydrate ;  the  amount  pro- 
dncedy  however,  is  extremely  small  in  the  latter  case. 

Kolbe  has  shown  (AmL  Chem,  Pharm.,  cxxxi.  79),  that  when 
a  solation  of  sodic  succinate  is  suhmitted  to  electrolysis,  ethylene 
is  evolved  at  the  positive  pole,  together  with  carbonic  anhy- 
dride. 

qH.lCOjNa),  +  OH,  =  C,H,  +  CO,  +  Na^CO,  +  H,. 

Sodium  Bur-ciaate.  Ethylene. 

A  very  iutcrcstiiig  mode  of  formation  is  by  the  action, 
of  nasecnt  hydrof;cn  on  acetylene,  C^H,.  For  this  purpose 
cuprous  acctylidc  {vide  acetylene)  is  added  to  a  mixture  of  zinc 
and  dilute  ammonia,  and  the  whole  gently  warmed.  The 
hydrogen  liberated  by  the  action  of  the  xinc  on  the  ammonia. 
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unites  witli  tlic  acetylene  from  the  cuprous  ace^lide^  to  produce 
ethylene  :  C  JL-f  H*  =  CJIj. 

Ethylene  is  usually  prepared  by  heating  ethylic  alcohol  with 
concentrated  sulphuric  acid.  For  this  purpose,  a  mixture  of 
I  meaauie  of  alcohol  and  4  measaret  of  sulphuric  acid  may  be 
gently  warmed  in  a  capacious  glasfi  tlask  or  retort ;  at  tirst 
the  gas  comes  off  ireely^  but  after  a  time  the  mixture  begins  to 
blacken,  and  finally  becomes  thick,  and  firoths  up  considerably,  so 
that  the  operation  requires  cavefnl  watching  in  its  latter  stages. 
This  tendency  to  froth  may  be  much  diminished  by  adding 
sufficient  sand  to  the  liquid  to  form  a  thin  paste.  The  ethylene 
thus  obtained  is  accompanied  by  the  vapours  of  alcohol  and  ether, 
and  towards  the  dose  of  the  process  by  sulphurous  anhydride 
in  large  quantity. 

The  reaction  whidi  takes  place  may  be  thus  explained.  The 
alcohol  is  acted  upon  by  the  sulphuric  acid^  and  the  hydric 
ethylic  sulphate  which  is  formed  is  decomposed  at  a  high  tempe- 
rature into  ethylene  and  sulphuric  acid : 

CgHj-OH  +  HjSO^  =  CgH,.HSO^  +  OH,; 

BtbyUeakolMl.      Batphafto  mM.  BtlijllebTdriotalplMto. 

and  when  heated : 

Ethylic  hydric  sulpliate.     Ethylene.       Sulphuric  acid. 

The  liberated  snlphuric  acid  is  capable  of  a^^ain  converting 
alcohol  into  hydric  ethylic  sulphate,  whieh^  in  its  turn,  is  decom- 
posed into  ethylene  and  sulphuric  acid.  In  lact,  on  dropping 
alcohol  into  a  mixture  of  about  30  measures  of  sulphuric  acid 
and  9  of  water,  maintained  at  a  temperature  of  160° — 165® 
(320^ — 330^  ¥.),  an  effervescence  of  the  acid  liquid  takes  place, 
and  water  and  ethylene  gas  pass  over.  In  this  way  a  small 
quantity  of  sulphuric  acid  is  sufficient  to  decompose  a  relatively 
large  quantity  of  alcohol. 

When,  however,  a  considerable  quantity  of  ethylene  is 
required  in  a  continuous  current,  the  following  is  the  best 
process 

A  mixture  of  a5  grms.  of  alcohol  and  150  grms.  of  sulphuric 
acid  is  placed  in  a  glass  flask  of  a  or  3  litres  in  capacity,  and 
the  neck  of  this  flask  is  provided  with  a  cork,  through  which  are 
inserted  a  bent  glass  tube  and  a  tap-funneL  The  mixture  is  now 
heated  on  the  sand-bath  until  a  continuous  stream  of  the  gas  is 
evolved,  when  the  tap  of  the  funnel  is  partly  opened,  and  a  cooled 
mixture  of  equal  port^  of  alcohol  uud  sulphuric  acid  is  allowed 
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to  drop  in  slowly.  By  carefully  regulating  tlie  temperature,  and 
tbe  rate  of  the  flow  of  liqdd  tliron§;li  the  tap,  a  constant 
cnnent  of  ethylene  may  readily  be  obtained.  (Erlenmeyer  a. 
Bnnte,  Ann.  Chem.  Pharm,,  ekviii.  64). 

The  cmde  gas  prepared  by  these  methods  shoold  be  pawed 
first  into  an  empty  WonUfe's  bottle^  then  through  a  solution  of 
potassic  or  sodic  hydrate,  and  finally  through  concentrated 
cnlphuric  acid ;  in  this  way  it  is  deprived  of  the  sulphurous  anhy- 
dride and  of  the  Tapours  of  alcohol  and  ether  which  accompany  it. 

Ethylene  is  a  transparent  and  colourless  gas ;  it  has  a  faint, 
sweetish,  alliaceous  odour,  and  is  soluble  in  about  12  times 
its  balk  of  cold  water.  It  was  liquefied  by  Faraday  uudci*  «;reat 
pressure,  but  rernaiued  uufrozeu  at  — 1 10°  ( — 166°  F.).  Ethylene 
does  not  support  combustion,  but  is  itself  very  inflammable, 
buriiiiiii:  with  ii  white  luminous  fliime,  which  d('})Osits  car- 
bonaceous matter  al)un(lantly  upon  cold  bodies  introduced  into  it. 
If  passed  through  a  porcelain  tube  heated  to  bright  redness  it  is 
decomposed  :  half  its  carbon  is  deposited,  and  methane  or  marsh 
gas  is  formed,  which  occupies  the  same  volume  as  tliat  of  the 
ethylene  from  which  it  was  produced.  If  the  temperature  to 
which  the  gas  is  exposed  be  very  high,  all  the  carbon  is 
deposited,  each  volume  of  gas  yielding  2  volumes  of  hydrogen. 

The  composition  of  ethylene  may  be  ascertained  by  detona- 
tion with  oxygen  ;  the  explosion,  however,  is  very  powerful,  and 
requires  care,  otherwise  the  eudiometer  will  be  broken.  jOne 
volume  of  the  gas  requires  for  its  complete  combustion  3  volumes 
of  oxygen ;  2  volumes  of  carbonic  anhydride  remain  and  repre- 
sent 2  oat  of  the  3  volumes  of  ozy^n,  whilst  the  other  volume  of 
oxygen  oombinea  with  2  volumes  of  hydrogen  famishing  2 
Tolnmes  of  steam,  which  become  condensed:  2  volumes  of 
ethylene,  therefore,  contain  4  volumes  of  hydrogen  or  4  parts  by 
weight  united  with  24  parts  of  carbon  or  what  may  be  2  volumes 
of  carbon  vapour,  0^11^+30^=3200,+ 2H3O.  From  these  data 
the  composition  of  the  gas  may  be  represented  in  the  following 
manner: 

Carbon    s  24  or  8571    ...  ? 

Hydrogen   ^4  =   4  4 

Ethylene   CgH^  =  28     100*00  2 

Ethylene  is  slightly  soluble  in  alcohol,  in  oil  of  turpentine, 
and  in  the  fixed  oils  ;  ether  dissolves  it  more  freely.  It  is  also 
■oluble  in  cuproua  chloride  solution.     It  combines  with  sul* 
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phuric  anhydride ;  hence  it  is  completely  absorbed  by  fuming 
sulphuric  acid,  and  is  somewhat  soluble  in  ordinary  sulphuric 
acid.  Ethylene^  when  mixed  with  an  equal  volume  of  chlorine, 
unites  with  it  and  becomes  condensed  to  a  heavy,  sweetish, 
aromatic  liquid,  which  collects  into  oily-looking  drops,  heavier 
than  water :  it  was  owing  to  this  resction  that  the  name  of  ole- 
fiant  (or  oil-producing)  gas  was  given  to  it,  and  the  oily 
body  itself  was  commonly  known  as  Dutch  Liguid,  horn  the  dr- 
cumstance  of  its  discovery  in  Holland.  If  t  measure  of 
ethylene  be  mixed  with  a  measures  of  chlorine,  the  mixture  will 
burn  quietly  on  the  ap^Jication  of  a  light,  depositing  the  whole 
of  the  carbon  of  the  gas  in  the  form  of  a  dense  smoke,  whilst 
the  hydrogen  unites  with  the  chlorine  to  form  hydrochloric  add. 
It  also  combines  with  bromine  and  iodine.  Ethylene^  whea 
heated  with  a  saturated  solution  of  hydriodic  add  to 
(212°  F.)  unites  with  it,  forming  iodetlmiie  or  ethvHc  iodide, 
CjHgl  ;  it  also  couibiucs,  but  loss  ruadily,  with  h^diobroiuic 
acid  :  and  still  less  rcadilv  with  hvdrocliloric  acid. 

Ethylene  unites  directly  with  hydrogen  producing  ethane, 
Cgllg,  when  a  mixture  of  equal  volumes  of  tiie  two  gases  is 
placed  in  contact  with  platinum- black  (v.  Wilde,  Deut,  chem.  Ges» 
Btr.,  vii.  3.53). 

When  briskly  agitated  with  ordinary  concentrated  sulj)hnric 
acid,  ethylene  is  slowly  absorbed  by  it,  forming  hydric  ethylic 
sulphate:  C2n^  +  H2SO^=C2H5.HSO^  (Bcrthclot) ;  if,  however, 
the  acid  be  heated  to  1 60°— 170°  (320°— 338°  F.),  the  com- 
bination takes  plaee  readily,  and  considerable  quantities  of 
ethylic  hydric  sulphate  may  thus  be  prepared  (Butlerow  a. 
Goriaiuow,  ^an.  Chem,  Phann.,  elxix.  14^).  This  reaction  i'  of 
great  interest,  for  on  distilling  hydric  ethylic  sulphate  with 
water,  alcohol  is  produced ;  and  since  ethylene  may  be  obtained 
from  acetylene,  and  the  latter  can  be  formed  by  the  direct 
union  of  carbon  and  hydrogen,  it  is  possible  in  this  w^  to  bnild 
np  ethylic  alcohol  from  its  constituent  dements. 

In  order  to  combine  ethylene  with  Hulphurio  acid,  Butlerow  uses  the 
following  apparataa.    The  inner  tube  of  a  Lieblg's  oondenter,  aboat  i  em. 

^  i  U  aiul  5  to  -6  uf  a  metre  long,  it  filled  with  coanely-powdn«d  glans,  and 

clo.st-'ii  at  each  end  by  a  caoutchouc  stopper  pierced  by  two  openings.  A  delivery 
tube  und  a  glass  tap-funnel,  through  which  sulphuric  acid  is  introduced,  are 
passed  through  the  upper  stopper ;  the  lower  stopper  carries  a  tube  extending 
*I  metre  up  into  the  powdered  gla^s,  through  which  the  gas  is  introduced,  and 
*  leeond  tube  -termiuating  immediately  above  the  stopper,  through  whieh  the 
acid  flows  away.  The  latter  tube,  li'iwever,  is  bent  outside  the  condenser- tube 
so  that  when  the  bend  is  filled  with  sulphuric  acid,  a  valve  is  formed  which 
prevents  the  escape  of  gas.    ^he  inner  tube  of  the  oondensei  is  heated  by  a 
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corrent  of  Ute  rapoar  of  boiling  turpentine,  or  tamt  other  Tapow  of  raiUble 
temperature,  whidi  eireahtet  in  the  snnalar  ipeee  between  the  two  tnbee  of  the 
condenser ;  and  whilst  sulphuric  acid  is  slowly  admitted  above  throng  the 
tap-Ainnel  a  eorrsnt  of  ethjloie  ie  peaaed  in  from  below. 

Ethylene  combines  readily  with  sulphnric  anhydride,  forming 
ethiome  anhydride : 

II        +    aSO,    =  O 

SO,— CH, 

■tkjiM  Bthlaniesnlijdrids. 

And  this,  by  contact  with  water,  is  converted  into  ethionic  acid : 

I        I  ^  .       CBL  SO,(OH) 

SO,— CHj  ' 

Ethionic  anhydride. 


Chlorhydric  sulphate,  CISO^.OII,  also  readily  unites  with 
ethylene,  formiug  the  coni{)ound  ClSOj.OC,Hf. 

Ethylene  combines  with  hypochlorous  and  hypobromons 
acids,  forming  the  compounds  CjH^CLOH  and  G,H^Br.OU,  and 
also  with  Schutsenberger's  chlorine  acetate : 

CjH,  +  CII3.COOCI  =  CHg.COOfCaH.Cl). 

Blh,l«c        Chlorine  ««Ut..  og2SE^2!^l£.. 

Aooording  to  Carius  {Ann.  Chem,  Pharm,,  cxxvi,  209),  ethylene 
unites  with  hydric  peroxide,  (OR)^  forming  glycol,  C,H^  (OH), ; 
the  conditions,  however,  under  which  this  interesting  reaction 
takes  place  have  not  been  made  known. 

Beridee  thoae  already  envmerated,  ethylene  nnitee  with  many  otiur  eom- 
poonds,  each  as  the  chlorides  of  sulphur,  SCI,  and  S,C1,,  forming  the  oompoands 

Cjll^Cl,S  and  CJI,ri,S, ;  with  Sc-hiitzenber<j:er'8  platoso-carl>onyl  chloride, 
CoPtCl,,  forming  Coi'trl.CJI^ ;  and  with  platinous  chloride,  PtCl.^,  forming 
PtCl.CjH^  (Hirnbaum,  A?tn.  Chem.  Pliavm.,  cxlv.  C7).  This  last  rompoiind 
may  alito  be  obtained  by  heating  platiuic  chloride  with  alcohol ;  and  by  laatiug 
ether  with  ferrio  ehloride,  IGiehler  {Dtut.  rktm.  Oet,  Ber,,  ii.  510)  has 
obtained  a  ootupound  of  ethylene  with  ferrous  chloride,  FeCl,C,H,.  CSompoiinda 
of  ethylene  with  iridium  chloride  and  potiissic  or  amnionic  chloride  are  alao 
known,  viz.,  IrCl,{(',H,1,(KTl)^  and  IrCl^fCJI J  (NlI^Cl)^.  All  th  eso  variotirt 
coinpoundii  may  be  ret^ardcd  ah  formed  by  leautioua,  similar  to  those  iudicated 
in  the  following  general  equations  : 

(cyg"  -f   xci„  =  (c,ir^ci)'xa„.j. 

C,H^       -»-    SCI,     =  (C,H^C1)SC1. 
2(C.H/    +    XCI.   »    [c;!!  ('11' 1  X^^.-r 

2CA     +  s.ci.  »  (c,ii,ci)A. 
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When  ethylene  is  pessed  into  liquid  nitrio  peroxide,  N,0^,  a  crystalline  body 
of  the  composition  C,H^N^O^  is  produced;  whilst  by  passing  it  into  a  well- 
coole<l  mixture  of  concentrntt'd  nitric  and  ^^ul|)h^r^c  acids,  tlu'  rompound  C^H^N.O^ 
is  foruied.  The  latt»'r  is  a  colourless  oil,  ol'  very  puni^eiit  odour,  which  yields 
glycol  when  heated  with  aqueous  hydriodic  acid  j  it  would  appear,  therei'ore,  to 
be  a  glycollie  nitrate  nitrite : 

<=A{o;nO,  +         -  OH  +        +  »I.  +  OH, 

(1229)  Polymerization  of  Ethijlcne. — When  ethylene  is  sub- 
mitted to  the  action  of  the  silent  electric  discharge  it  becomes 
eoiuk  i;>cd  into  a  liquid  (P.  a.  A.  Thenard ;  v.  "Wilde,  Dtul.  c/ietn. 
Gcs.  Bi)'.,  vii.  355).  Polynididcs  of  ethylene  are  also  formed, 
although  in  small  quantity,  in  the  preparation  of  the  gas  from 
alcohol  and  sulphuric  acid,  and  in  larger  quantity  by  the  destruc- 
tive distillation  of  the  ethyl  sulphates.  Thus  when  potassic 
ethylic  sulphate  is  distilled,  not  only  is  ethylene  given  off,  but  a 
liquid  polymeride  is  also  obtained : 

CJIj.KSO^    =    CgH^    +  KHSO^. 

Fol8trie«tb}  lic  siilphsto.  Stbykoe. 

On  cooling  this  liquid,  a  crystalline  polymeride  of  ethylene,  the 
so-called  etlwriit,  separates.  It  melts  at  110°  (230°  J?\)  and  boils 
at  260°  (320°  F.). 

(1230)  Pboptlbhb    or    Pbopbitb.  — MtHyl-etkyUne  C,H,  ss  4a. 

HjC=CH(CHJ— Thid  hydrocarbon  is  present  in  OOei-gM,  and  occurs  amongst 
tlu'  pr(i<lii(  tj<  of  tlie  de>tria-tivt'  distillation  of  many  orixanic  bodies.  According 
to  l'>i'rtl>ollet,  a  niixtutc  of  iMrboiiic  oxidt-  and  mttliaiie  yields  propylene  when 
pasjied  through  a  red  iioL  ti:be  ;  2C1I^  +  CO  =  C,II,  4-  Oil,.  I'ropylene  was  first 
obtained  by  Reynolds  in  185 1  by  passing  the  vapoora  of  fermentation  amylio 
alcohol,  0,Hj,.OH,  through  a  tube  heated  to  redness ;  it  is  also  prodooed  m  eon- 
siderable  quantity  when  a  mixture  of  10  parts  of  oleic  acid,  3  of  potiissifllijdrate, 
and  3  dt'  soda-liine  is  Mibniitlrd  to  dcstnictive  distillation.  Propyli-ne  may  be 
ol't.iiiM.d  by  heatinrj  a-  and  />itidopropane  (primary  and  secondary  or  isopropyiic 
iodide)  with  an  alcoholic  solution  of  pota»(sic  hydrate  : 

CH  ,.(  H,.CH,I  +  KHO  ^  CH,.CH=CH,  +  KI  +  OH^. 

o-Ioilaim)pane.  Propjk-ne. 

CH,.CH1.CH,  +  KHO  «  CH,.CH=CH,  +  KI  +  OH,.^ 
^-Iodoprop■l>e.  Propylene. 

With  the  secondary  iodide,  the  action  takes  place  at  40** — 50'  (104° — 122"  F.), 

b\it  tlif  priinnry  iodide  is  not  attacked  iMitil  heated  to  a  Romewltat  hi^'her  tem- 
perature. It  is  also  fonni'd  by  the  action  ot  naiiccnt  hydrogen  Iroui  zinc  and 
glacial  acetic  acid  on  /3-dibromopropane  or  propylenic  bromide : 

CH^CHBr.CU,Br  +  11,  =  CH,.CU=CH,  +  aUBr. 

The  isomeric  ydibromopropane  or  methylbromacetol  fumiehee  propane  (Linna- 
luann,  .^nn.  Ckem,  JPkarm.,  ehu.  43).    Aooording  to  Bebonl,  the  3  iaomarie 
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dibroniopropanes  (1189)  foniiih  the  tama  pvofjleDe  when  hasted  widi 
•odium,  but  the  /3  and  y  compounds  are  far  more  readily  Mf-composed  thaa 
■•dibroroopropane,  which  rcquireK  heating?  with  sodium  to  160  (3^0  F.). 

Propylene  is  best  prep.ired,  however,  by  bringing  the  tt-iodopropyiene  or 
allylic  iodide  in  contai't  with  zinc  and  hydrochloric  acid  : 

2H,C=CU.CHJ  +  2Zn  +  2HCI  =  2H,C==CH.CH,  +  Znl,  +  ZnCl, ; 

or  by  the  action  of  fused  zincic  chloride  on  isopropylic  alcoliol,  CH^.C- H(()I I).CHj. 
The  mixture  of  the  alcohol  with  2|  tinieii  its  weight  of  zincic  chloride  h 
allowed  to  stand  24  hourtt,  and  then  heated  gently  ou  the  aiind'bath,  when  a 
regular  evolntion  of  gee  tdces  place  (Friedd  a.  Silva).  The  action  of  hjdnodie 
add  on  allylic  iodide  alio  givee  ri«e  to  the  formation  of  propjlene.  . 

FMpjrleB^  like  ethylene,  is  a  colourless  gas,  condensible  to  a  liquid  by 
itrong  prcH^ure  :  absolute  alcohol  dissolves  12  to  13  times  its  volume  of  the 
gas.  Propylene  combines  readily  with  chlorine  and  bromine,  ami  also  unites 
with  iodine  (i  1S3, 1 194).  It  combines  with  the  haloid  acida  and  with  sulphuric 
acid  iar  more  readily  than  ethylene:  in  theae  caaea  ^•deriTatiTea  of  propane  or 
•eooodacj  or  iaopropylie  eompoonda  are  always  formed ;  thos : 

CH,=-CH.C1I,  +  HI 
PropjlMM. 

CH,=CH.CH,  I-  « 
TNpgrlflM, 

Harkownikoff  has  stated  {Ann.  Chem,  Pharm,,  cliii.  237)  that  propylene 
nniten  with  hypoohloroQS  acid,  forming  monochlorinated  aeoondary  propylio 
aloohol: 

CfH,=CH.CH,  +  CIHO  =  CII,Cl.CII(OHj.ClI,; 

hat  Henry,  who  has  recently  examined  this  reaction,  finds  that  monochlorinated 
primwy  propylio  alcohol  ia  prodnoed  {^CompL  £emi.,  Izxix.  125S) : 

CH^H.CH,  +  ClOH  »  CH.(0H).CUC1.CH^ 
PrapjlMM*  Ghlonpropf  lio  ilaohol. 

Pkopytene  readily  undergoea  polymeriaation :  thoa  the  hydne  iaopropylio 
anlphate  fimned  by 'the  union  of  propylene  with  salphuric  acid  gradually  decom- 
pose*, even  at  the  ordinary  temperature,  into  sulphuric  acid  and  polymerides  of 
propylene  ;  likewise,  when  a  mixture  ot  propylene  and  gaseous  boric  tluoride  is 
allowed  to  stand  over  mercury,  the  propylene  gradually  condenses  into  a  liquid. 

(l  231)  BUTTUWB  or  BdTBVI. — Ttiri/l  ene,  C^il^  —  56.— An  define  of  the 
oomposition  C^H,  was  first  discovered  by  Faraday  amongst  the  gases  obtained  hy 
the  destnctive  distillation  of  oil,  and  on  this  account  it  long  went  by  the  name 
of  oil-gas.  Bntylenes  have  been  prepared  hy  various  methods,  but  the  statemente 
with  regard  to  their  properties  are  somewhat  coiitlictin^'. 

a-  or  Normal  BrntyUn^.-^Elhyl-etki/lene,  H,C=CH(C,H^.— Wurtz  found 
that  a  mixture  of  iodomethane  and  a*iodoprapylene  or  allylic  iodide  diluted  with 
ether,  when  heated  to  loo^  (3 1  a**  F.)  with  sodium  in  strong  glasa  tobes,  yielded 
this  hydrocarbon : 

CH J  -I-  B,C<=CaCHJ  4-  iNa  »  H,€M:;H.CH,.CH^  4-  aNal. 

Theboiling-pointof  the  product  hiy  between  —6** and  4  6*  (21^*2  and  42'''8  F.). 
With  bromine  it  yields  a  dibromotetrane,  C.(f, Br,,  boiling  at  159"  (318^*2  F.) ; 
whilst  with  hydriodie  add  it  forma  a  secondary  hutylio  i^klide : 

GH,»»Ofl.C.H^  +  HI  «  CH^CHLC,H.. 


CII,.CHr.CH,. 

S-Iodopropane 
sriMptonrlhiiodlds. 

CH^CH(HSOj.CfHg. 
Isopropgrlle  hf dris  solphils. 
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WHen  normal  primary  bntylic  iodide  is  heated  with  an  alooboUc  solation  of 

potassic  hydrate,  much  ethylbutyl  ether  is  produced,  but  at  the  same  time  some 
butylene  is  formed  (SaytzelF,  Journ.  pr.  Chem.  [2]  iii.  88).  The  boilinf^-point 
of  this  butylene  was  not  determined,  nor  wa^i  iUt  bromide  examined,  but  it  is 
probably  a^butylene  formed  in  tiie  following  manner : 

CH,.CH  .(•H,.CH.^I  +  KHO  =  CH,.CH,.CH«CH,  +  KI  +  OH,. 

Primarj  butylic  iodide.  a-Butjlene. 

It  yields  secondary  butylic  iodide  when  combined  with  hydriodic  acid. 

By  the  action  of  zincic  etliide  ;it  140"  (284^  F,)  on  bruiiiL'thylene  or  vinylic 
bromide,  Wurtz  obtained  a  butylene  boilmg  between  —  S°  and  (i  7"  6  and 
3a^  F.)>  which  oombined  with  bromine  to  form  a  dibromotetiane,  C^H,Br,, 
ioiliny  aft  166*  (330*'*8  P.)  From  the  mode  of  fonnation;  there  ia  reason  to 
aappoae  that  the  hjdiooarbon  thoa  prepared  is  o-butylene,  thna : 

CH,»»CHBr    +    Zii(C,HJ,    =    CH,=CHC^,    +  ZnBrC,H,. 
BioiMtlirkM.  ZiMiosllilds.  »Batylm.  Bode  braoMlUdau 

The  boiling-point  of  tlie  dibiomotelnme  which  it  yielda,  differs,  how«?er,  con- 
nderablj  from  that  of  the  dibromotetrane  prepared  from  allylie  iodide.  Either, 

therefore,  an  ii«oinerio  change  muMt  have  taken  place  dnrin^  the  formation  of 
one  of  those  liydrocarbons,  or  the  dibroinotctranes  were  not  both  obtained  in  • 
atate  of  purity  ;  ihe  latter  aiij>t\'irs  to  In-  tin-  more  probable  explanation. 

a-JJutjfkne,  JJiiiu;tlii/L-ethjflenCf  Ciij.lIC=CH.CHj.  —  Secondary  butylic 
iodide  readily  Aimishet  a  bntylene,  when  acted  upon  by  an  alcohdie  eolation  of 
potasaic  hydrate,  which  ia  probably  a  dimethyl-ethylene  of  the  above  Ibnn,  sinoe 
it  yields  a  chlorinated  teeondary  bntylic  alcohol  when  oombined  with  hypo- 
ohlorous  add : 

CH,.CH^CHI.CH,  +  KHO  ^  CH,.UC.»CH.CH,  +  KL  +  OH,. 

CH,.HC«!H.CfH,  +  ClOH  «  CH3.CHaCH(0H).CH,. 

According  to  De  Luynra,  the  butylene  thus  prepared  boils  at  ^°  {S7°'4  ^ 
•oltdifiea  to  a  erytlattine  maaa  whoi  cooled  in  a  mixture  <^  ethw  and  carbonic 
anhydride  in  vacuo ;  with  hydriodic  acid  it  yields  secondary  butylic  iodide.  It 

forms  with  bromine  a  dibromotetrane  which  boils  at  159"  (318*  2  F.)  (Lieben). 

y-Biifj/hne  ;  l}'inu(h>fI-(fhyJene,  (CH  I.C  r- (/H  .  — Very  little  butyl»  ne  ia 
obtained  when  isopriuiary  ami  tertiary  butylic  alcohols  are  treated  wiili  sulphuric 
acid  or  zincic  chloride,  the  greater  portion  undergoing  polymerization  at  the 
momoDt  <^  formation ;  by  the  action,  however,  of  an  alcdiolio  ralntion  of  potaaaie 
hydrate  <m  the  bntylic  iodides  prepared  ftom  tiiese  alooholBy  an  almoat  theoretraal 
yidd  of  eo-called  iaobutylene  is  obtained : 

Cll(CH^,.CII,1 4-  KHO  -  C(CH,),=CH,  +  KI  +  OH,. 
iMpriiiniTbotyHeiodMs.  v-Botykasw 

C(CH,),I      +  KHO  ^  C(CH^,=CH,  4-  IQ  +  OH,. 

Tertiary  butyUc  Iodide.  Y-Bntylene. 

It  is  also  produced  when  the  vapours  01"  fermentation  aniylic  alcohol  are  parsed 
through  a  red-hot  tube,  and  by  the  electrolysis  of  an  aqueous  solution  of  potassic 
iaovalerate,  in  the  latter  case  accompanied  by  diisobutgrL 

It  may  be  condensed  to  acdourless  liquid,  whidi  boils  at  about  —  7**  (i9°'4  P-) 
It  is  entirely  absorbed  by  a  concentrated  cold  aqueous  solution  of  hydriodic  acidi« 
with  which  it  unites  more  readily  than  a-butylene,  and  forma  d-iodototraiM 
or  tertiary  butyUc  iodide  : 

C(CHJ,=CH,  +  HI  «  C(CHJ,L 
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WImb  itobutylene  Is  enclosed  in  a  tube  with  concentrated  lijdroo!i!or'r  arid,  and 
the  mixture  heated  to  loo*  (212"  F.)i  it  is  outirely  convcrUd  into  6-chIoro- 
tetrane  or  t*?rtiary  butylic  chloride.  It  is  also  absorbfd  by  a  mixture  of  3  pts. 
coDceutrated  t^ulpharic  acid  and  i  pt.  wiit<;i ,  and  partially  converted  into  tertiary 
batjjlie  hjdrifl  mlplute,  C(CU,>,JISO^.  A  ooMidenUe  portion,  bowerer, 
mdmgom  foljMiiatiaii, »  ooborloN  oil  being  produced,  which  comirti  chieflj 
cf  triuobutyUmt,  C„H„,  boiling  at  173'— 1 76'  {$4^-4—34^'''^  F.).  Acoofd- 
ing  to  De  Loynes,  a-butylene  is  also  readily  poU'm«'rizt'd  by  sulphuric  acid. 

Tsobutylene  combines  with  hypochloroiu  acid,  forming  monochlorinated 
isopriuiary  butylic  alcohol : 

Thia  iMiItt  it  will  be  eeen,  is  m  •ceonitBoe  with  the  law  pmioasly  enmieiaAedt 
that  the  mora  negative  vadide  of  the  oompoand  onitii^  with  an  olefine  attaohea 

itself  to  the  least  bydrogenized  carbon  atom.  According;  to  SaytzefiT,  however, 
butylene  from  primary  butylic  iodide  produces  monochlorinated  secondary  butylic 
alcohol  wlicn  combined  with  liypochlorous  acid ;  if  this  butylene  be  correctly  re- 
presented by  the  formula  above  given,  the  result  would  uut  be  in  accordance  with 
the  law  ID  qoettioo,  which  veqaiiea  the  fimnatioii  of  a  ddorinafted  prioiaij 
boljlie  alcohol: 

CH^CHC,H^  +  CIOH  =  CH,(OH),CilCLC^^ 

(1233)  Ahtlbnb,  Pbnttlbvi  or  PniTBirB:  C,H,,=  70.— Several  amy- 
lenei  hare  been  obtahiad,  bat  aa  yet  tbeiy  haf«  been  bat  imperftotlj  invecti* 
gated.  _ 

Normal  or  a-Amyicne,  P  ropy  let  hylene  :  CH,ZlCH.CUj.CH^CHj  or 
CH,IIlCli(C,Hy)*. — Wurtz  prepared  this  hydrocarbon  by  acting  on  allylio  iodide 
with  sinde  eihide : 

CH~CH.CH,I  +  Zn(CJI,),  =  CH -riI.CH,.C,H,  +  ZnIC,H,. 

Alljlic  iodkk.  Zindc  eUiide.  a-Amjku«. 

It«  boiling-point  lies  between  35**  and  40**  (95* — 1^4°  f .),  but  has  not  been 
accurately  dftenuined,  as  the  am}  leiie  can  only  be  separated  with  difficulty  from 
the  pentane  and  other  hydrocarbons  produced  at  the  same  time.  When  the 
niztaie  of  chloropeiitaiMa  obtained  on  eUorinating  normal  pentane  is  deoompoeed 
with  potaaaic  acetate,  it  yields  a  eonsidetable  qoantity  of  pentyiene  boiling  at 
39^ — 40**  (io2'''2 — 104°  F.)  (Schorlemmi  r) ;  this  product  undoabtedly  con- 
tains a-amylene,  but  probably  mixed  with  an  isomeric  olefine.  a-Amyieno 
combines  with  hydriodic  acid,  forming  normal  secondary  amylio  iodide  : 

CH;3CH(CA)«  +  HI  =  CH^CHLCA- 

»Aiqr1fMk  JMVBslodlds. 

Tiua  iodide  boils  at  146**;  ite  sp.  gr.  at  (33''  F.)  is  1*537,  and  at  xi*" 
(51^8  F.)  1*5219;  it  ia  only  partially  decomposed  by  moist  argeotio  oxide  at 
ordinary  temperatures  (Wartz.,  Ann.  Ckem.  Pkarm  ,  c\Wm.  131).  a-Amylene 
nnites  with  bromine,  forming  a  dibromopentane,  C^Uj^Br,,  boiling  at  abont 

180"  (356^  ¥.). 

Amylene  firom  uoprimary  amylic  iodide,  I»<^rojpiflethylene  (?): 
€H;ZCT(C,H,)^  or  CH;=CH.CH(CH,),.— Accoiding  to  Flavitisky  {Ann. 
Ckim.  P/iarni.,  clziz.  205),  the  amylio  iodide  from  optically  inactire  fermenta- 
tion amylic  alcohol,  when  acted  on  with  an  alcoholic  solution  of  potas.sic 
bydtatc  iumishes  aa  amylene  which  boils  at  25""  (77''  f ,).    Most  probably  the 
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xMMstion  which  oooon  ia  fhitf  eaw  k  that  xepmeiiled  hy  the  fbllcfwiiig 
eqnatum: 

C?H,I.CH,(C,H/  +  KHO  =  KI  +0H,  +  CH^CH(C.H,y». 
AnyHeiotfda.  AagqrtaM. 

Wheu  tlu9  amylene  is  combined  with  hjdriodic  acid,  and  the  reHiilting  amylic 
iodide  ii  deooiDpoied  irHh  potuMic  hydrate,  an  amyloie  u  ohtained,  boiling  at 
35"*  (95"  P  )*  idcntUMl  with  that  formed  by  the  action  of  dehydrating  agents 

on  fermentation  amylio  alcohoL 

Amylene  from  uoprimary  amylic  alcohol.  (?)  Trimethyhth  tjlene : 
C{CIf  J.,ZZCII.CH,.— This  modification,  which  ia  that  conmionly  known  as 
"ara^lene,"  in  obtained  by  the  action  of  dehydrating  aj^aiits  on  fermentation 
amylio  aloohd.  One  of  the  moot  convenient  way»  of  preparing  it  is  to  allow  % 
mixture  of  i  pt  of  the  alcohol  with  pta.  of  zincic  chloride,  to  atand  vereral 
days  with  frequent  agitation,  and  then  to  dihtil  until  the  thermometer  indicates 
a  temperature  of  130° — 140®  (266"^ — 284^  F.)  ;  or  i  pt.  of  alcohol  may  be 
slowly  distilled  witli  2^;  pts.  of  zincic  chloride  until  ?  of  the  liquid  has  pulsed 
over ;  tlie  remaining  duid  portion  is  then  poured  otf  from  the  chloride,  and 
the  operation  repeated  3  or  4  timea  with  firesh  qnantitiee  of  aleohoL  The 
amylene  ia  separated  from  the  distillate  by  fractional  distillation.  It  ia  a 
colourlesa  mobile  tiqnid  of  1^  gr.  '663  at  0°  (32°  F.),  and  boils  at  about  35** 
(95°  i-^). 

It  was  lontj  supposed  that  this  amylene  bore  a  very  simple  relation  to  the 
alcohol  from  which  it  is  produced,  its  formation  being  aasumed  to  take  place  hi 
the  manner  indicated  by  the  equation : 

CH,(OH).CH,.CH(CH,).  -  OH,  «  CH,ZZCH.CH(CH^^ 

Amjlio  Alcohol.  Arajlcne. 

Flavitzslcy's  recent  experiments  {he.  cit.,  and  Deut.  cficm.  Gcs.  Tier.,  1875, 
viii.  264),  however,  clearly  show  that  this  is  not  the  case,  and  tend  to  prove  that 
the  amylene  prepared  in  the  manner  described  has  the  formula  C(CH,),IZCH.CH^ 
an  isomeric  diange  having  taken  place  during  its  formation.  The  ocenrrence  «^ 
such  change  ia  by  no  means  surprising,  for  the  result  of  the  action  of  zinoio 
chloride  on  amylic  alcohol  is  extremely  complex:  Wurtz  found  {Ann.  Chcm. 
P/i«rm.,  cxxviii.  225)  that  a  mixture  of  hydrocarbons  of  the  paraffin  and  oktine 
series  was  produced  under  these  circumstances,  in  which  he  was  able  to  prove  the 
preseMe  of  the  following  members : 


Amylene,  Pectane, 

Hexylenr,  Hexane, 

Heptylene,  Heptane, 

Oetylene,  Octane^ 

l^onylene,  Konan^ 

Bec^leue  or  Diamylene,  Becane. 


He  also  obtained  evidence  that  still  higher  terms  of  the  two  series  of  hydro- 
carbons were  formed. 

Amylene  combines  directly  with  the  haloid  acids,  with  chlorine  and  bromine, 
with  hypochlorous  ;u;id,  nitric  peroxide,  and  a  number  of  other  compounds.  The 
iodopentane,  or  amylic  iodide,  which  is  formed  by  its  union  with  hydriodic  acid, 
boils  at  about  130^  (266**  F.),  bat  is  at  the  same  time  partially  decomposed ;  it 
is  readily  acted  upon  by  nunst  argentic  oxide,  bdng  converted  into  an  amylio 
alcohol,  which  appears  to  be  identical  with  tlie  tertiary  alcohol,  Hhgldmttk^ 
carbinol  (Flavitzsky) : 
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C(CH^,Z:CH.CH,  +  HI  =  CI(Cig,.CII,.CH,; 

2CI(CHJ,.C1I^CH,  +  Ag^0+0H,  =  2C(0H)(Cig,.CH,.CH,+ 2AgI. 

WtyldtaudtylMrblBoL 

Amjlene  u  vexj  readily  polj'merized  by  Bolphoric  acid,  but  by  passing  a  slow 
ftiMiii  of  VK^maao  aabjdrido  laden  with  amjlene  Tiponr  into  «  mixture  of 
2  pte.  anlpliiine  add  and  i  pi.  water,  a  oonnderabla  amoant  of  an  amylic 

hydric  sulphate  is  produced  (FlaTitadcj,  ^im.  Ckem.  JPkarm,,dxr.  157);  the 
alcohol  obtained  on  distilling  this  a)nipouiid  witli  water  appean  to  be  ethyl> 
dimethylcarbiuol  (see  Arajlic  alcohols,  Isopropylearbinol)  : 

C(CH,);=c'H.CH,+  H,SO^  =  C(HS0J(CH^,.CH^CH,5 

Amylcne. 

C(HSO^(Ch^,.Cli,.CH,  +  OH,      C(OH)(CH,),.CH,.CH,  +  H,SO^ 

SUiyldlinethjrlc&rbinoI. 

Arpylene from  ethyhJimethtflcarhinol. — The  aniylone  which  is  produced  by 
the  action  of  potassic  hydiate  un  the  amylic  iodide  irom  etbyldimethyioarbinol 
(Jermolajeff,  Deut.  chem.  Gcs.  Ber.,  iv.  560)  : 

CI(Ciy^CHg.CH,  +  KHO  =  C(CH,)  — CU.CH,  +  KI  -f  OH^ 

Amylene. 

appears  to  be  identical  with  that  which  is  formed  by  the  action  of  zincic 
chlorido  on  fermentation  amylic  alcohol  {ibid,,  viii.  264).  It  boils  at  35;* 
(95'  ^  combines  with  hydriodic  acid,  reproducing  the  iodide  Irom  which 

^  wae  prepared. 

AmjUtmfram  dM^emUitol.  CH(CHJz:CH(0^^.  (P)  MM^Ml^l' 
MfleM^Tht  amylic  iodide  from  diethylcatbinol  ieoonvertedby  poteiue  hjdiate 
into  aa  anylene,  which  boils  at  36°  (96°-8  F.) : 

CH^CH^CHLCH^CH,  +  KMO  =  KI  +  OH,  +  GH,.CHz:CH.CH^CH^ 

It  combines  with  hydriodic  acid,  fimning  an  iodide,  whicL  has  the  same  boiling- 
point  (145°  C.)  and  sp.  gr.  (1*520  at  o*  C.)  as  that  from  which  it  was  obtained 
(Saytztjfl"  ii.  Wagner,  Anit.  Chtm.  Pharm.,  clxxv.  3,",  i). 

Amiflenes  from  other  sources. — By  heating  monochlorinated  isoprimary 
vnylw  chloride  with  eodinm.  Buff  {ibid.  eilTiii.  349)  obtained  an  eroylene  boiling 
at  38^-— 30^  (83**4 — S6*  F.)>  but  none  of  its  derivatives  were  examined. 

According  to  Le  Bel  {Compt.  Rend.,\xx^.  267),  the  wl  obtained  <m  dis- 
tilling the  pitch  from  Pechelbronn  in  Alsjice  contains  two  isomeric  amylenes,  one 
of  which  combines  with  hydrochloric  acid  in  the  cold,  funning  an  amylic 
chloride  boiling  at  85*— 87°  (185''— 188°-6  F.),  the  conesponding  iodide  boil- 
ing at  130''  (266*  F.).  and  theakohol,  C,H,,.OH,  ai  los""  (221°  F.).  The 
aeoond  amylene  requires  to  be  heated  with  hydrochloric  aeid  to  produce  the 
amylic  chloride ;  this  boils  at  95°  (203°  F.),  and  is  converted  by  potassic  iodide 
into  amylic  iodide,  boiling  at  145**  (293°  F.),  from  which  an  amylic  alcohol 
boiling  at  120°  (248°  F.)  may  be  obtained.  These  two  amylenes,  therefore, 
would  seem  to  be  identical,  the  former  with  /3-,  and  the  latter  with  a-amyleue. 

(1233)  HsxTLBKn  or  HxzKfB:  CJ1^  =  84. — ^Although  hydrocarbons  of 
the  composition  C^H,,  have  bevn  obtained  from  a  variety  of  souroes  («t<2.  Hecht, 
Ann.  Chem.  Pharm.,  clxxii  62)  Tery  little  is  at  ptesent  known  about  the 
greater  number  of  them. 

NouMAL  or  a-IlKXYLENK  Or  Hexene.  Primary  bu(j/lct/i^lc'7i€ ; 
CH^CH.CH,.CII..CH^CH^  or  CH^CH(C\H,)«,i»  formed  by  the  action  of  an 
alcoholic  soli^n  of  potando  hydrate  on  the  secondary  heqrlie  iodide  from  manoite : 

o2 
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CH,.CHI(C,H>  +  ZHO  «  KI  4-  OH,  4.  CH,=CH(C,H,>i.» 

It  occurs  in  the  light  o\\»  from  boghead  and  Cannel  coal,  and  is  amongst  tlit 
producU  of  the  decomposition  of  paraffin  by  heat  (1164).  By  acting  with 
potaanc  acetate  on  the  nuxtme  of  ehlorobezanee  formed  bj  ehlorinating  nonaal 
heiaae,  Seborlemmer  obtained  a  hexylene  boiling  at  about  70*  (158°  F.).  Tbi% 
bowerer,  would  seem  to  bo  a  mixture  of  isomeric  olefines.  The  hexvlene 
obtained  by  Oeibel  and  Hull"  (Arm.  Chem.  Phdnn.,  cxlv.  iio)  on  heating 
dichlurohexane  from  petroleum  hexane  with  sodium  is  probably  a-hexylene. 

a-Hexylece  is  a  ooburless  liquid,  whiclkboOaat  65^—66''  (149° — 150**8  F.) 
under  the  pretanre  of  7 10  mm.  of  mercoiy ;  ite  ep.  gr.  at  o**  (32'  F.)  ia  '6996 
(Heofati  ibid.,  clxv.  150).  It  iinitea  leedily  with  hydriodie  aeid,  nfomiog 
iecondary  hexylic  iodide. 

ffex^lene  from  PinaroUc  Alcohol.  ( p  )  Tertiary  hiiivhthylcne  .- 
CH  ~CH.C(CHJ,,  or  CH—CH(C,H,)«.— According  to  Friedel  and  Silva 
{Compi.  Bend.,  lixvi.  229)  the  aetioo  of  potaieio  hydrate  oonverti  the  iodide  of 
tertiary  hatyl-methyl-carbiaol  or  pinaeoUo  aleohol  into  a  hesylene  boiling  at  aboat 
7oMi58'F.): 

CH^CHI.(C,H,)«  4.  KHO  «  KI  4-  OH,  4-  CH,I2CH(C,H,)». 

Hejcylene  from  diethj/lmethj/lcarbinol.  (r)  Dimethj/lethj/leihjflene : 
CH(CH,)ziC(CUJ(C,HJ.— Thia  hydrocarbon,  produced  by  the  reaetion: 

CH,.CH,\  pij   pvr  \ 

CH,.CH,[ca[  4-  KHO  «  KI  4.  OH,  +  ^"'p"'  CZZOH-CH^ 
CH,J  ^ 

boile  at  68^— 72**  (154%— idi'^-d  F.);  hydnodic  add  reconverts  it  into  tht 

iodide  from  which  it  is  formed  (Tsohaikowsky,  T>cut.  chem.  Ges.  Ser.,v.  330). 

Other  He  J- 1/ 1  cues. — Ilexyktiis  have  been  obtained  by  Prunier  {Compt. 
Pen  J.,  Ixxvi.  98)  by  the  action  of  nascent  hydrogen  on  bromopropykne, 
and  by  Silva  by  the  action  of  argentic  acetate  on  monochlorinated  dii^opropyl  j 
DNther  of  these  hydrocarbons  has  been  examined,  however. 

Pechelbronn  petroleum,  according  to  Le  Bel,  contains  two  isomeric  hexyleae^ 
one  of  \vhich  combines  with  hydrochloric  acid  in  the  cold,  and  the  other  OD 
warming,  forming  hexylic  chlorides  which  boil  respectively  at  about  116* 
(240' -8  F.)  and  i2f{2S3°-4  F.)- 

( 1  2  34)  Heptylene  or  Heptene  :  C.Hj^  =  98, — When  the  isomeric  paraffina, 
normal  heptane,  ethy l-itioamyl,  and  the  hydrocarbon  boiling  at  about  90*^  ( 1 94°  F.)^ 
whidi  ia  contained,  togeth^  with  normal  heptane,  in  Pennsylvania  peti«]ettBe« 
are  treeted  with  chlorine,  monochlorinated  parafline  are  prodnoed  whidi  on 
bmng  decomposed  with  potassic  acetate  yield  hqitjlenee;  in  each  case,  howetTcr* 
the  product  appears  to  be  a  mixture  of  isomeric  olefines  (Schorlemmer,  •Totfrw. 
Chem.  Soc,  1873,  xxvi.  323).  Thus,  of  the  heptylene  from  normal  heptane 
which  boib  at  about  98°  (208^*4  F.),  somewhat  le^s  than  one-half  com- 
binet  with  cold  hydrochlcnne  acid,  producing  a  beptylic  chloride  whidi  boils  wHIi 
deocnnpoaitaon  at  aboat  140°  (284**  F.) ;  the  remaining  portion  of  the  hydro* 
carbon  when  heated  at  1 20°  (248"  F.)  with  hydrochloric  acid  forms  an  iaomerie 
heptylic  chloride  boiling  at  147°— 150°  (300°-2 — 302"  F.).  The  hydrocarlv»n 
from  which  this  latter  is  produced  is  probably  o-  or  normal  hejitylme, 
CH^  CH(C^H  )**.  By  far  the  greater  portion  of  the  heptylene  boiling  at 
90* — 92°  (194  — 197'*'6  F.),  from  the  ieomerio  heptane  from  petrolenm,  


*  If,  however,  the  butylene  from  secondary  butylic  iodide  has  the 
constitution  Cn(CH,)z::Cll(CHJ,  it  is  very  probable  that  this  hexyiene  is 
CH(CHJ— CH(C,H,)«. 
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readily  witb  cold  hydrochloric  acid  ;  but  only  a  little  more  than  one-half 
of  the  heptylene  boilin-j:  at  about  91°  (i95°'8  F.)  from  ethyl-isoamyl  combines 
with  this  acid  in  the  ooid,  formiug  a  heptylic  chloride  boiling  at  134*^ — 137** 

(273°-2— 278''-6  F.). 

Heptylene  from  dimethylisobutylcarbinoL    (?)  Dimethylitopropylethj/- 
C(CHJ, 

lent:   \\  at  C(CHJ^CH(C,H,)^.— The  iodide  of  dimethyl- 

dH.CH(CH3), 

isobutyl-carbinol,  when  decomposed  by  an  ulcoholic  solution  of  potassic  hydrate, 
yields  a  heptylene  boiling  at  83"* — 84°  {i8i''-4— 183**-2  F.)  of  the  sp.  gr. 
•714  at  ©•  (3a*  F.)  I 

CI  IpifoH/PH  ^  +  ™o  =  n  +  OH,  +  fi^^*^' 

(CU,CH(CHJ.  CH.CH(CH,), 


This  heptylene  eomUnes  very  readOy  with  liydriodio  aoid,  nprodnoing  dimethyl-* 

iaobntylic  iodide  (Pawlow,  Deut.  chem.  Get.  Ber.^  vii.  739). 

A  heptylene  which  is  very  probably  identical  with  that  from  dimethyl- 
isobutyl-caxbinol  was  obtained  by  Markownikofl'  {jicits.  Chem.,  187 1,  268)  by 
heating  oxyiiKxaprylic  acid  with  water  and  a  few  drops  of  sulpliuric  acid  to 
160"  (320*  F.): 

fcul'cH  \  C(OH).O0OH  -  fP^"''        +  OH.  +  00,. 

OxjisooapijUe  add. 

It  boOa  at  8i«— 83*  (177*^8— i8i*'4  F.),  and  at  14"  (57*>a  F.)  haa  the  9  gr. 

•6985. 

Heptifh'tK  from  triethjflcarhinol :  C(C,H,)  — CH.CHj  j  or  Methyldietkyl- 
ethylene. — When  triethylcarbinol  is  heattnl  witb  an  oxidizing  mixture  of  potassio 
diehromate  and  an^imo  aoid,  a  mmll  qaantity  of  a  heptylene  ia  prodneed^ 
wfaidi,  howvfvr,  haa  not  yet  hetn  ezaminel   Ita  fimnation  ia  donbtleaa  doe  to 

the  dehydrating  aotion  of  the  sulphuric  acid. 

(1235)  OrTVLENB  or  OcTENE:  CjlIj,=  lT2. — Normat  or  a-Octylene. 
Hexiil'  tliylcne  :  Cir~CH(L\H^J*,  which  is  obtained  bv  distillint,'  the  normal 
secondary  octylic  alcohol,  methyl-hexyl-carbinol,  with  fiised  z.iucic  chloride : 

CH,.CH(OH).C,II„  «  OH^  +  CH  — CH.C.H^ 

Mctl^Iliexjlcarbixiol.  Ootjlene. 

ia  the  only  octylene  which  has  yet  received  attention.  It  is  a  colourres*  liquid, 
which  boils  at  126''— laS**  (258"'8— 262^-4  F.),  and  at  25°  (7i°-6  F.)  has  the 
sp.  gr. '7 14  (Neison,  Journ.  Chem.  Soc,  1874,  xxvii.).  It  unites  with  bromine,, 
forming  a  dibromoctaue,  which  is  decomposed  on  distillation ;  with  chlorine  it 
pradooee  »  diehloroetane,  whieh  boih  at  ao5* — a  10^  (401*— 410*  F.)^ 

( 1 236)  NomrLEN  B  or  Konori :  C,H„  « ia6.p->Noneof  theKonjIanea  htfo 

hitherto  been  examined. 

(1237)  Decylene  or  Decene:  0^^11,^=140. — The  only  decyleoe  which 
has  been  examined  is  the  so-called  Diamylew,  which  is  formed  together  with 
amylene,  triamylene,  tetramylene,  &c.,  by  the  action  of  zincic  chloride  on<  fermen* 
tation  amylio  aloohoL  It  ia  beat  pr^aied,  howorer,  by  the  aotion  of  anlphnrio- 
aoid  on  amylene.  For  this  purpose,  a  quantity  of  amylene  not  exceeding 
50  gniniiMa  ia  introdnoed  into  ftatoppaedgl«aa<y  Under  plaoed  in  ioe*€old  watoc*. 


Digitized  by  Gopgle 


198 


DBCYUENB* 


[1238. 


and  twice  its  volump  of  a  well-cooled  mixture  of  2  vols,  concentrated  sulphuric 
acid  and  i  vol.  water  is  added.  The  reaction  is  at  first  violent,  and  mucL  hea^ 
is  evolved ;  bat  as  soon  m  it  has  moderated,  the  mixture  ifaoold  be  duken  ficom 
lime  to  tame  vntil  no  fmrther  aetion  w  obeerred ;  the  oily  lijer  floeting  on  the 
Bolpharic  acid  is  then  removed,  washed  with  water,  dried  over  calcic  chk>ride» 
and  the  diarajlene  separated  by  fractional  distillation.  Diamylene  thus  pre- 
pared boiLi  at  150" — 153°  (302° — 307°*4  F.)  undt-r  the  pressure  of  720  min.  of 
mercury;  it«  j»p.  gr.  at  0°  (32"  F.)  is  •841O,  and  at  20''  (68"  F.)  8248 
(Sdmeider,  Ann.  Chem,  Fharm,,  clrii.  207). 

The  floafenioa  of  amylene  into  diamylene  by  ralphorie  neid,  and,  in  fiwt» 
the  polymeriiation  of  die  olefines  generally  under  the  influence  of  that  reagent*  tt 
readily  explained,  on  the  suppt^sition  that  the  olefine  at  first  enters  into  union 
with  the  acid,  and  that  the  resulting  compound  is  broken  up  again  into  sulphuric 
acid  and  olefine,  two  or  more  molecules  of  the  latter  coalescing  at  the  moment  of 
aepaiation  to  £irm  fbe  polymeric  hydrocarbon.  If  tlie  fimnola  aa^pned  to 
diamylene  by  Bntterow  {Ann,  Cham,  Pkarm.,  dam.  375)  be  adopted,  the 
oonvenioa  of  amylene  into  diamylene  may  be  thai  repceaented  s 


C(CH^, 
II 

CH.CH, 


C(HSOJ(CH^, 


0(HSOJ(CHJ,  CHICB\ 
I  «    H^.    +     I  ; 

CH,.CH,  — CCH, 

Anylsna. 

C(CHJ(C.H,)^ 
2Z:C(CHJ(C,H,)^  -  II 

C(C}I.)(C,H,)^ 

DismjltM. 

The  amylene,  which  boils  at  25^  (77*  F.)  ia  also  eonveftod  into  tbe 
diamylene  by  aolphorio  aeid : 


CH(C.H,)^ 


CH(H80J(C,H,)^ 


CH(HSOJ(C,H^ 
CH, 


C(C,H,)* 

CH. 


Ajn^lcne. 


2  ZZC(CH^(C.H,y»  = 


C(CHJ(C.H,y» 

C(CH,)(C.H,)^ 

Diamylene. 


Diamylene  combines  with  bromine,  forming  a  dibromodecane  or  diainjflem§ 
bromide,  C^^lI^Br,,  which  cannot  be  distilled  without  decomposition. 

(1238)  OlAer  Ol^/lnu. — number  of  higher  homok^guea  of  the  oldiiMa 
hsvn  been  impeiftot^  deacribed.  Some  of  these  are  met  with  amongal  tiM 
products  of  deetraetiTe  distillation,  and  others  have  been  prepared  wtifidaify; 
tbe  propertiea  of  nooo  of  theae  hydrooaybona,  howerer,  have  been 
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An  mdeeyUne,  C^JI^.  isi  obtotned  on  dtstilliiiif  the  bromendeeuM  olrfained  frou 

methylnonylcarbinol,  Cfl(CBy(C,HJ*  OH ;  it  boUt  at  200^*  (392**  P.). 
Trianiylene  and  tetramjlene  are  products  of  the  action  of  sulphuric  acid,  Sic.  on 
amylene  from  fermentation  amjlic  alcohol ;  they  are  oily  liquids,  which  boil  at 
248'  (478°-4  F.)  and  390^—400°  (734**— 752"  F.).  Cetene,  C„H„,  Cerotene, 
C^H^,  tfid  Mdene,  C^H^,  are  obtained  on  dktilling  oetylic,  cerylic,  and  meliano 
mleobola,  whidi  are  tbeceby  reeolved  into  Uie  oomeponding  olefinee  and 
mter;  cetene  is  a  liquid  which  boile  at  375''  (527°  F.),biitoerotoDe*«nd  melene 
an  cfjateUine  bodiea  whioh  «•  deeonpoeed  oa  diatillatSon. 

Haloid  Dkbitatitm  of  thb  OuFntt. 

(1239)  At  present  uur  knowledge  of  the  haloid  derivatives  of  the  olefinee  if 
•omewhat  limited.  PreparatUmj-^T^  eaanot  he  pradnoed  hj  the  aetioa  of 
the  halogens  on  the  olefinee,  bat  are  obtiUned  by  withdrawing  the  elemente  of  n 

moleeole  of  hydrochloric,  hydrobroroic,  or  hydriodio  acid  from  the  chloro-,  bromo-* 
or  iodo-derivatives  of  the  paraffins  (excepting  the  mono-derivative!«,  the;*e  furnish- 
ing the  olefines),  which  fur  thiti  purpose  are  usually  heated  with  an  alcoholic  solution 
•f  potaaaie  hydrate.  Thus  when  a-  or  /3-dichlorethane  (ethylenio  or  ethyitdeoio 
cUoiido)  ie  anbmitted  to  the  aetioo  of  poteeaie  hjdnte^  momoMQreik^U»e,  or 
mtqUe  eUoride  «e  it  ie  freqaeotlj  temed,  ie  prodoeed: 

CH,Cl.CH,a  +  KHO  =  CH  — CHCl  +  KCl  +  OH^  . 
»DkUot«tlMM.  MonodilonUqrlfliM. 

CH.CHCI,  +  KHO  =  CH;iiCHCl  +  KCl  +  011^ 

^Dichlorcttiaoc.  MoDochiorethyteoc. 

The  chlorethylene  thus  formed  may  be  combined  with  chlorine,  producing  a 
trichlorethaiio,  t',H  CI,,  which  furnishes  dichlorethi/lene,  CJIjC'l.^,  when  acted 
upon  by  potasiiic  hydrate;  and  from  which  in  turn  tetrachloi ethane,  C.H^Cl^, 
ninj  he  prepared  and  oeorerted  into  trieUorMylene,  C\UC1.;  and  findly  the 
pentaddorathaae,  C^Cl^,  procnred  by  eoonhining  triaUomthyleoe  with  ohlorinOp 
may  be  made  to  furnish  tetraekloreiAylene,  C,C1^  The  chUlrinated  paraffins 
obtained  by  directly  chlorinating  paraffins,  in  most  csHes  are  also  available  for  the 
preparation  of  chlorinated  olefines  ;  bromo-derivatives  of  the  olefines  may  also  be 
obtained  in  a  precisely  siuiiiar  manner.    Very  few  iodo-olefines  are  *known. 

Halmd  derivitiTee  of  the  olefinee  are  aleo  obtained  by  eombining  the  hydro- 
carbons of  the  OaHjQ.,  or  acetylene  seriee  with  the  haloid  adda  and  halogeoa. 
Thae  aoelgrioM  nnitee  with  ohbrine  to  tarn  a  diddonthyleoe  t 

C,H,  +  CI,  -  C.H,a,; 

whilst  with  bydriodic  acid  it  produce:^  iodelhylene  : 

Aee^kos.  lodcUvlsoSk 

Praperfiee  qfti§  koMd  derioaUo&t  qftke  o2^im».— They  are  eapeUe  lllto 

the  olefioeti  of  combining  with  the  halogens  in  the  manner  described  above,  and 
also  with  the  haloid  acids  and  with  hypochlorous  aoid;  ]^bably  too^  with  many 
other  compounds  which  nnite  with  the  olefines. 

In  connexion  with  the  olefines,  attention  has  been  already  called  to  the  law 
wbieh  appcaie  to  govern  the  eonil^BatioB  of  iJke  olefinee  with  otfier  oompoonde-— > 
viZq  that  tiko  moca  Dative  ladide  of  the  oomponad  entering  into  union  with 
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the  olefin^,  atfawlMS  hwM  to  fke  lettl  hjdrigiBbMi  cutioii  atoni  is  the  olefiue. 
It  haa  yet  to  be  ascertained  whether  ttiit  bnr  obtaiDs  throughout  the  whole  series 
of  olefiDes,  and  whether  it  is  not  more  or  less  dependent  uj><»n  the  conditioDS  of 
experiment.  In  the  case  of  the  haloid  derivatives  of  the  olt(liM?ti,  it  is  known 
that  the  mode  of  combiuutiou  with  the  haloid  acidii  is  entirely  dependent  upon 
the  eonditkmt  at  the  nenwBt  of  imioii.  Thai,  bromethjloiie  eomhiaee  with 
hjdiobronue  tad,  pndneiBg  hoth  a*  end  /3-dib«oinethaiiie: 

CH—CHBr  +  lIBr  =  CII.Br.CH^r. 
Bromettiylesc.  a-Dtbramcthane. 

CH^C'lIBr  +  HBr  =  CH,.CHBr^ 
BwMtlvlcBt.  ^WmmUbam, 

The  ibnner  ie  mauilf  iffodnoed  hy  the  eeUon  of  e  Teij  eoDeeatreied  eoloUeo 

the  acid  acting  at  the  ordinary  temperature,  whilst  the  latter  id  chiefly  fonned  by 
the  action  of  a  lestt  concentrate^l  solution  at  a  temperature  of  100*  (212^  Jb\). 
(Reboul,  Compt.  Rend.,  \xx.  398  a.  853.) 

It  ia  an  interesting  circumstance  that  the  converse  appears  to  hi^d  good  i» 
the  oeee  of  the  firnnatiom  of  eertain  of  the  haloid  derivatim  of  the  elefines 
from  haloid  deriTativea  of  the  parafilna.  Thve  the  eUoio-  aad  hromopropjleue* 
fonued  by  heating  3-diehIoro-  and  /3-dilH-omopropane  with  an  alcoholic  iointiom 
of  potaaaio  bjfdiate,  are  each  miztnrei  of  two  komeric  bodiea : 

CH,.CHC1.CH,C1  +  KHO  =  CH,.CfHz:CHa  +  KCl  +  OH,. 

e-IH<Moropropan*.  CUoropTopylene. 

CH^CHaCH,Cl  +  KHO  =  CH..CCIIICH,    +  m  +  OH^ 

Like  the  olefines  themselvea,  the  haloid  derivatives  of  the  olefines  in  many  eaecs 
readily  undergo  polymeriaaticn. 

(1240)  Haloid  Debivatiyes  or  Ethtlenb.  MoKOCHliOfiBTnTLKNi. 
Vinylic  chloride:  C,H,C1  =  H^CZlCHCl  =  62-5. — This  compound  is  pre- 
pared by  heatitig  «-dichlorethane  or  ethylenic  chloride,  CHjCl.OHjCl,  with  au 
alcoholic  solution  of  potassic  hydrate ;  it  is  al»o  obtained  in  a  similar  manner, 
although  less  readily,  fr<Mu  /3-dichlorethane  or  ethylidenic  chloride,  CH^CHCl,.  It 
is  a  ooloarleBB  gas,  having  an  aUiaceooe  odonr,  and  may  be  eond«Daed  by  cold 
to  a  liquid  boiling  at  -  18°  (-©"•4  F.). 

a-Dichlorethane  is  usually  prepared  for  the  above  purpose  by  allowing  a 
current  of  chlorine  and  a  current  ol  ethylene,  both  in  a  moist  state,  to  meet  in  a 
large  glass  globe  exposed  to  dillused  daylight.  It  may  also  be  procured  by 
Limprioht'e  method  ^  passing  ethylene  gas  through  a  miztnre  oif  manganio 
pennide  and  hydrochlolie  add,  which  la  gently  heatod,  and  the  mixture  diatilled 
when  the  gas  ceases  to  be  absorbed  ;  but  a  far  better  method  is  to  paaa  ethylene 
into  antimonic  chloride,  SbCl^,  as  lon^  as  it  is  absorWd,  or  when  a  large  quantity 
is  reijuired,  ethylene  and  chlorine  hiinultancously  into  atitinumic  chloride.  The 
product  is  then  distilled  until  the  du>tiilatc  no  longer  yieldit  an  oily  liquid  on  the 
addition  of  water.  The  <nl  obtained  by  either  of  tiieee  procoMca  le  eepantrd 
•  from  the  aqneone  liqiud  and  agitated,  firrt  with  a  dOute  adntion  of  eodw  hydrate^ 
and  then  succesaivdy  with  small  quantities  of  concentrated  sulphuric  acid  aa  long 
as  the  latter  becomes  coloured.  It  is  finally  rectilied.  The  pure  substance  is  a 
colourless  liquid,  which  ia  insoluble  iu  water,  but  miacible  with  alcohol  and  ether 
in  all  proportions. 

Tbeve  ia  reiaon  to  believe  that  a-didik»rethane  is  prodooed  together  with 
jMiehlorathane  by  the  action  of  chlorine  on  monochlorethane  or  elhylie  chloride. 
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since  it  is  obtained  as  a  bye-product  in  the  manufacture  of  ckloral  (Kramer,  Deut. 
cAem.  CTml  Xer.,  iii.  257). 

OiOKiosnHTLBMB :  C,H,CL  =  97.— a-TridilontliMio  or  eUotethylenie 
chloride^  ii  mdilj  «oaT«rfced  bjr  w  aetioii  of  potinir  bjdfata  into  iS-dkhlor- 
«tiijleD0t 

QBJJLCBia^  +  KHO  «  CB^^ZOO^      ECU  OH^ 

I€  11  a  coiourleM  liqaid,  boiling  at  37°  (cfS^'G  F.).  (Kriimer.)  According-  to 
Berthelot  and  JangdKigch  {Compt.  Mend.,  Ixix.  542J,  un  isuineric  compound, 
a-diehkMPethylene,  CHOllCHCI,  boUing  at  about  55**  (131''  F.).  is  obtained 
on  heating  the  crystalline  oompmmd  C,H,SbCI^  vbiob  is  prodnoed  by  passing 
•Oetylene  into  antimonic  chloride:  C^^bCl,  =  C,H,C1,  +  8M31,  (p.  212). 

TBirnLoBETHYLENE  :  C  HCI,  =  13 1*5. — This  knly  is  produced  by  the 
action  of  potassic  hydrat**  on  a-tetrachloretliane  or  dichlorethylenic  cliloi  ide,  and 
aloo  by  the  action  of  nascent  hydrogen  on  tetrachlorethylene.  It  a  colourletis 
Hvaii,  boiHng  at  about  88°  (190°  4  F.). 

d-Tri-  and  ^-tetraehbrethane  (chlor-  and  diehlorethylidenic  chloride)  are 
decomposed  by  potassic  hydrate  far  less  readily  than  their  isonierides ;  the 
resulting  compoands  (di-  and  trichlorethylene)  have  not  as  yet  been  examined. 

TKTajtCHLOBETHYLKNE.  Bichloride  of  Carbon  :  C^C\^  =  166. — This  com- 
povnd  was  first  obtained  by  Faraday,  who  prepared  it  by  passing  the  vapoor  of 
bexaehkraihane,  C,C1,,  through  a  led-bot  tobe;  it  t»  also  formed  by  adding 
hexachlorethane  to  n  mixtoie  of  zine  and  dilote  sulphuric  acid,  or  by  the  tictiou 
of  potassic  hydrate  on  pentachlorethane.  It  i*  a  mobile  colourless  liquid,  which 
boiU  at  121'*  (249"-8  P.),  and  has  a  sp.  f^r.  of  1-659  at  o"  (32^  F.). 

(1241 )  MoNOBBOMFTHYLENE. —  Vi/ii/ltc  bromide  •  CyijBr  or  H ,C'~CllBr 
s  io7*'~Aeoording  to  Semenoff  {Jakrb.  Cft^m.^  1864,  480),  thitt  rompound 
tt  most  eoaveniently  prepared  by  adding  an  aqueous  solation  of  potassie  hydrate 
to  g-dibtnmethane,  and  dropping  in  alcohol  until  the  two  layers  disappear  and  a 
homogeneous  mixture  i»  obtained ;  it  is  then  distilled  off  at  a  temperature  of 
45° — 50°  (104" — 122"  F.)  and  purifietl  by  rectification,  firomethylene  is  a 
ooiuurieiw  liquid  which  boil*  at  about  24°  (75**2  F.). 

The  a«dibromethane  or  ethyienic  bromide,  required  for  the  prodnetioa  of 
brometbylene,  may  be  prepaied  by  pesnng  a  enrrent  of  ethylene  thtongh 
bromine,  or  by  placing  brmuine  and  a  little  water  in  a  large  bottle  previonsly 
filled  with  etliylene,  juid  then  passing  in  the  y^w^  as  fast  as  it  is  abt-orbed  ;  com- 
bination takes  place  rapidly  if  gently  a<^itated,  and  the  temperature  rises  sensibly. 
The  broinine  is  quickly  decolorized,  and  an  ethereal  liquid  of  pleasant  odour  iit 
obtained,  baving  a  pungent,  sweetuh  taste,  and  wlueb  may  be  purified  like  the 
cblorine  eompoond.  «*Dibromethane  ie  a  eolonriess  Kqaid,  bnt  aolidifiee  at  a 
low  temporaturs  to  a  oiystalline  mase,  which  melts  at  9*  (48°'2  F.). 

DlBBOMETHYLE?JK  :  C  HjlJrj-  l86. —  Hroinetli ylt-ne  readily  combines  witil 
bromine,  forming  a-tribromethane,  ClI  Br.CHlir^,  which  is  abo  produced  by  the 
action  of  bromine  on  brouielhane  or  ethylic  bromide,  and  on  a*dibromethane  at 
l8o'*^2O0*' (JSC""— 392''  F.).  a.TribiomethaneboilsoonBtanaya*i9i^ izis'''^ 
F.)*  and  baa  the  sp.  gr.  2*624  at  16*  (6o*'8  it  ia  violently  acted  upon  by 
aodie  etbylata,  yielding  a  miztura  of  the  two  iaomerie  dibramethylenes,  thoa : 

CH,Br.CHBr^  +  NaOc',H,  =  ClIBr— CHBr  +  NaBr  HOC,H«. 
CH,Br.CHBr,  +  ^'aOC^^  =  CH  — CBr,  +  NaBr  +  h6c,H,. 

When,  however,  it  is  heat^>d  with  potassie  acetate  and  alaohol  to  150^  (302''  F.), 

P-dibromethylene,  CH  .^CBr,,  alone  is  produced. 

a-JWbrometb^lene/ CHBri^CHBr,  boils  at  I57°(3i4'''6  F.),  and  at  1 7"* 
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(62*'6  F.)  has  the  sp.  gr.  2't2  ;  jS-dibroraethylene,  CH^CBr,,  boils  at  91* 
(i95''-8  F.)  (Tawildarow,  Ann,  Ckem,  Pkarm.,  dxivL  22). 

TBiBROMETnTLENE :  C,HBr,  s  265.— Tfae  atatements  with  regard  to  this 

compound  and  to  the  tetrubromethanes  Irom  which  it  is  derived  are  somewhat 
discrepant.  According  to  Sabanfjeff,  the  tetrabroinethane  obtained  bv  combining 
bromine  with  acetylene  (p-2l3)  h  a  liquid  which  does  not  solidify  in  a  freezing 
mixture,  and  decomposea  on  distillation  at  190°  (374°  with  evolution  of 
much  hydrobromio  aeid,  whereas  Beraud  obtiuned  a  erystalline  teta^ibroiDethaiM^ 
melting  at  42*  (io7°'6  F.),  bj  the  action  of  bromine  on  aoetylena-silver  sua* 
pended  in  water,  and  Lennox  obtained  a  tetrabromethane  from  crude  dibrom- 
ethylcne  and  bromine,  which  crystallized  when  cooled  (Tawildarow,  loc.  at  ). 
Burgoin  hits  recently  prepared  a  crystalline  tetrabromethane,  melting  at  54°*5 
(130"  F.),  and  boiling  at  206°  (403*''8  F.),  by  heating  dibromoeuceiQic  acid 
with  bramiiie  to  180^  (356"  F.),  and  he  has  oonfinned  Saban^eff's  •taimneiit 
that  the  tetrabromethane  from  acetylene  is  liquid  (Compt.  Retid.,  Uxiz.  953). 
Supposing  the  substances  obtained  by  Burgoin  and  Sabanejeff  to  be  pure  com- 
pounds, analogy  favours  the  assumption  that  the  former  i«  a-tetrabromethajie, 
CliBr,.CiiBr^*  and  the  latter  ^-tetrabromethane,  ClLBr.CBr,;  but  if  this  be 
the  ease,  iaomano  <^iange  mudt  have  taken  plaoa  in  the  IbnnatMm  of  Iho  latter 
from  apei^lene. 

By  heating  his  tetrabromethane  with  an  alcoholic  solution  of  potaasic  acetate 
to  120* — 140"^  (248° — 284°  F.),  Sabanejeff  obtained  tribromethylene  as  a  liquid, 
boiling  at  102"^^  (323°'6  F,).  Reboul  had  previously  found  that  a  crystalline 
tribromethylene  is  produced,  together  with  tetrabromethane,  when  acetylene  is 
aeted  upon  bj  broaiin&  .  SabaaqelF  states  that  the  tetrabronetiiane  nay  bo 
separated  from  the  tribromethyleao  hj  distiUation  with  ataam«  whieh  oanriea 
over  the  former.  The  tribromethylene  which  remains,  crystallizes  from  alcohol, 
in  which  it  is  only  elightly  soluble,  in  plates  melting  at  175°  {347°  F.);  on 
account  of  its  high  melting-point  jind  slight  volatility,  Sabanejilf  regard*  it  aa  a 
polyroeride  of  the  liquid  tribromethylene.  It  will  be  noticed  that  the  differenoe 
between  the  boiHng-pointi  of  a^biomethyleue  and  of  the  liquid  tribrometbyleno 
ia  remarkably  amaU  (^wi.  Chem,  JPiarm.,  clxxviii.  112). 

Tetbabbombthtlene  :  C,Br^  =  344. — Lennox  obtained  this  compound  by 
the  action  of  potaitsic  hydiate  on  pentabromethane  ;  it  is  a  white  eiytt&Uine  body 
which  melts  at  about  50'  (122°  F.). 

Pentabromethane,  C,HBr^  may  bo  obtained  by  combining  tribromethylene 
with  bromine  (Lennox),  by  combining  bromaeetylene,  CfiBr,  with  bromino 
(Reboul),  and  by  heating  tetrabromethane  from  acetylene  with  a  molecule  of 
bromine  to  165°  (329°  F.)  ;  itcTystallize:«,  according  to  Burgoin  {Oompi,  Mmd,, 
kxi.  325),  in  long  needles  which  melt  at  56  (i32''-8  F.). 

Hexabroroethane,  C,Br,,  which  is  formed  by  heating  tetra-  or  pentabrom- 
ethane with  bromine  to  iSo**,  decomposes  withont  fusing  when  heated  to  210* 
-  (410^  F.)  into  tetralnomethylene  and  bromine. 

(1242)  loDETHYLENE.  Vinyltc  iodidc  :  CjHjI  =  H,(!IZCHI  =  154.— This 
body  ia  obtaieed  by  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on 
a-diiodethjuie.  It  is  necessaiy  to  employ  a  dilute  solution,  and  to  allow  the  first 
action  to  take  place  at  a  low  temperature  (Baumann,  Ann.  Chem.  Pharm.,  clxiiL 
320).  It  is  n  ooloorless  liquid  which  boils  at  aboot  SS""  (^31°  ^•)-  It  ia  also 
obtained  in  n  similar  manner  from  ^-^iodethane  (ChtstavsooV 

DliODBTHYLENB :  C,H,I,=s  280.— Berthelot  has  prepared  this  compound  by 
heating  acetylene  with  iodine  in  a  closed  flask  to  100°  (212°  F.).  It  is  • 
CiystalUne  substance,  melting  at  about  70'^  F.)  {ihid.,  clxxviii.  1 19). 

Chloeobbomethylene  :  C,H,BrCl  =  (?)  CH^CClBr  =  141-5.— H.  Miiller 
(CAem.      tTonnt.,  [2]  ii.  4  2  Q)obtaiBad  this  oomponndl^  heating  dihnodibrano. 
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nwtiMiw  or  cihloraQiylMiie  bromide  (b.  p.  162°— 164**  C),  C,H,ClBr,,  with  an 
alooboEe  aolntion  of  potMdie  e^anide.   It  boils  at  55^— 58**  (13 1*— 136*'*4  F.). 

Many  of  the  above  comjxjunds  are  characterized  by  the  readinej>8  with  which 
they  spontaneoasly  undergo  change  into  white  solid  polymeric  substances.  This 
liaa  baen  ihown  to  take  place  in  the  «Me  of  monoehlor-,  BMmolnroBiv  /Mkhlor^, 
/S-difaram-,  and  dilorobromethylene.  Aocordiug  to  Banmann  {Amt,  Ck$m, 
Pkarm.,  cfadii.  308),  the  presence  of  alcohol  or  water  han  no  influence,  bat  the 
polymerization  appears  to  be  in  Kome  way  more  or  less  dependent  upon  the 
action  of  light,  tho  change  being  rapidly  eiiectcd  wlien  the  subsf.uices  are 
exposed  to  sunlight,  and  but  slowly  in  ditfosed  daylight.  lodethylene  is  not 
poljmeriied  when  apoaed  to  aanlight,  bat  iodine  ia  libented ;  the  addition  of 
iodine  to  brometl^ieney  moMOver*  prevents  its  polymerizatioa. 

The  poljoieriiation  of  bmnetbylene,  and  probably  therefore  of  the  remiuning 
compounds,  is  accompanied  by  a  considerable  coi»traction,  the  sp.  gr.  of  bromethy- 
lene  being  1*52,  according  to  Kegnaolt,  whilst  that  of  the  polymehde  is  2*075 
(Baumann). 

The  monohaloid  denTstiTee  of  ethylene  are  extremely  ttaUe  compoonda*  and 

do  not  enter  into  reactions  of  doable  decoropoaition ;  by  the  action  of  an  aloohidio 

solution  of  potasi«ic  hydrate,  they  yield  acetylene. 

The  polymerides  of  the  haloid  (k  i  ivatives  of  ethylene  are  decomposed  when 
heated,  becoming  carbonized  with  evolution  of  the  haloid  acid.  They  oppose  a 
much  greater  resistance  to  the  action  of  reagents  than  even  the  parent  cora- 
poonda,  and  moieover,  do  not  oomlmie  with  the  halogens ;  thna  the  polymeriied 
bromethylene  dissolves  in  bromine,  bot  tiie  original  substance  is  again  obtained 
on  tlie  addition  of  water,  alcohol,  or  an  alkali}  the  polymerised  chlorethylene 
does  not  even  dissolve  in  bromine  (Haumann)* 

(1243)  Haloid  dekivativbs  of  Propylene — Monochlobpbopylene  : 
C,H^C1=  76*5.  —  The  three  isomeric  modifications  of  monochloropropylene  are 
known : 

BiP.  (CenU  SplQr. 

CH.CLCH=CII.     46-  -954 

^.<3hloropropylene  .   .    CH,.CH^CTCl       P  P 
y^Chloropropylene  .   .   CHg^CClIZlCHg       2$^     ^g^i  at  o^ 

a^CJkicrapropylene  or  allelic  chloride :  CH,C1.CH~CH,,  is  produced  by 
the  action  of  an  aleoholie  eolation  of  potaasie  hydrate  on  a-dic3i]oropropane» 

and  it  may  be  prepared  by  dropping  allylio  alcohol  into  a  slight  excess  9i 
phosphorous  chloride,  or  by  heating  ally  lie  alcohol  with  hydrochloric  acid  in  a 
closed  tube.  It  is  also  readily  obtained  by  adding  a  slight  excess  of  finely 
powdered  mercuric  chloride  to  a  solution  of  ally  lie  iodide  in  an  equal  volume  of 
alcohol :  double  decomposition  takes  place  with  evolution  of  much  heat,  and 
when  the  mecearic  salt  is  converted  into  the  zed  iodide,  the  miztnre  is  distilled, 
the  distillate  mixed  with  water,  and  the  product,  after  drying,  is  fractionally 
dintilled  in  order  to  separate  the  ethylic  ether  and  etbylic  allylic  ether  which  are 
simultaneously  formed  in  small  quantity.  Allylic  chloride  is  a  pungent  smelling 
mobile  liquid. 

fi-CUarcpntpyhtiB  s  CH,.CH=zCHC],  is  oUabed,  together  with  the  y- 
eomponnd,  by  acting  on  j8-diohlon>propaDe  or  fmpylenio  chloride,  bat  it  haa  not 
yet  been  prepared  in  a  pure  state. 

y-Chloropropylene :  CHj^.CClzzCH.^,  appears  to  be  the  sole  product  of  the 
action  of  au  alcoholic  solution  of  potassio  hydrate  on  d>dichloropropane  or 
metbylchloracetol  : 

CH,.CCI,.CH,  +  KHO  =  CH,.CC1— CH,  +  KG  +  OH,. 
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It  is  also  obtained  in  considerable  quantity  as  a  bye-product  in  the  preparation  of 
methyloUoraiOetld  from  acetone  and  phoephoriu  chloride. 

a-  and  y-Cfaloropropylene  differ  remarkably  in  their  behavioar  witik  vanooa 
reagents;  thus  lvlu  below  loo**  (212°  F.)  the  a-oompound  aeta  upon  sodic 
eth}  late  or  an  alcoholic  eoloiion  of  potaaaio  hydrate,  and  is  ooQV«rtod  into  ethylio 
allylic  ether  : 

C,H,C1    +    NaCXJ.H,    =    C,H,.OC,H,    +  NaCl, 
(llljlleoblorifit).        ethylate.  «ther7 

wbareaa  y-chloropropylene  luruishea  allylene  when  heated  with  sodic  ethjlate  to 
lao*  (248**  F.) : 

C,H,a  +  NaOC,H.  =  C.H^  +  NaCl  +  HOC.H^ 

y-Oiloropropylene.  Alljlcne. 

By  the  action  of  hydriodic  acid  on  allylic  chloride,  allylic  iodide  is  produced, 
and  thia  is  converted  by  the  further  action  of  the  acid  into  isopropyiic  iodide, 
whibt  d-ohloropropylene  forma  an  iodochloropropane  : 

CH,.CCJIZCH,+  HI  =  CH,.CCU.CH^ 

When  conoentrated  sulphuric  acid  in  added  to  well-cooled  yehloffopropjliaeb 
hydrochloric  acid  is  evolved,  and  on  distiUiiig  the  prodnot  with  water  acetone  ia 
obtained,  the  reactions  being  : 

CH,.CClizCH,  +  H,SO,  =  Ha  +  CH,.C(HSOJ—  CH,j 
CH^.C(HSOJ=:CH,  +  H,SO,  =  CH,.C(HSo3,.CH, ; 
CH^qHSO^CJH,  +    OH,  =  CH^COXm,  +  aHJBO^. 

When  allylic  chloride  ia  eimiUrly  treated  00  gaa  ia  evolved,  and  on  afterwaidi 

distilling  with  water,  chlorisopropylic  alcohol  or  propylene  cUorhydiin  ia  obtained 
(Oppenheim,  Ann.  CAem,  PAom.  Aip&i.,  vi.  353) : 

CH.aCHz^3B;   +  H,SO,  =  CH,C1.CH(HS0J.CH,; 
CH,a.CH(HSOJ.CH,   +    OH,    =  CH,C1.CH(0H).CH,  +  H,SO,. 

DicBLOBOPBOPTuwB:  C^^Cl,^  I II.— FoiiT  iaomcric  diohloNpcopylenM 

are  known : 

B.  P.  (Cent.)  8p.  Gr. 

«-Diohloropropylene  •  CSH^a.CHlzCHa  106*  r2i8  at  25° 

^-Dichloropropylene .  CH,C9.0Ct=CH,  94'  i«ai  at  20" 

y-Dichloropropylene  .  CH,— CH.ClICl,  84*  1*170  at  24*5^ 

d-Diohloropropykne  .  CH^.CCtZCHa  75*  — 

a'DichloroprcfjfUm  ia  obtained  by  the  acti«m  of  phosphcma  OKyeUoride  or 
phoBphorio  anhydrub  on  diohlcrhydrin : 

CH,aCH(OH).CH,Cl  -  OH,  =  CII^Cl.CHzzCUCL 

It  is  a  colourless  liquid,  of  the  sp.gr.  1-250  at  0°  (32**  F.),  1-218  at  25°  (77°  F.), 
which  combines  with  bromine,  forming  a  dibromodichloropropane  boiling  at 
aao*'--225°  (428°--437*'  ^'0.  the  sp.  gr.  219  at  (32°  F.)  and  2147 
«t  25  (77^'  F.),  according  to  Friedel  and  Silva  {Ompt.  SeiuL,  hxv.  81}. 
Acccrding  to  Hartenstein  (Joum.  pr.  Chem,  [2 J.  viL  295)  it  haa  the  ap.  gr. 
i'233  I7°'5  (63*''5  and  the  dibromodiehloropropane  which  it  furnishes 
boils  at  212°  (4i3*'-6  F.)  and  ha.M  the  sp.  gr.  2-083' at  ^7°'5  i^3°'5 
o-Dichioropropylene  does  not  combine  with  hydrochloric  acid  at  100°  {212"  F.) 


Digitized  by  Google 


1244.] 


HALOID  DSSIFATirm  OF  FBOFTUNI. 


205 


or  150"  (302®  P.).  Wben  heated  to  loo**  (2ii*  P,)  with  an  alcoholic  solution 
of  potafsic  hydrate  it  is  converted  into  the  compound  C^H^CLOCJI.,  which 
boils  at  120° — 125°  (248" — 257°  F.),  and  at  0°  (32^  F.)  has  the  sp.  gr.  1021. 

^Dichloroproj^Ume :  CH^CCl.CH,Cl.— The  product  of  the  action  of 
pobNvio  hjdnto  on  a-tridiloropropanft  or  mdilocliTdriii  hat  long  been  known  as 
Bfllwal**  diflliloroglycid,  l»iit  Friedel  and  Silva  have  ■hovn  that  thii  u  a  miztnra 
of  ^-diohloropropjlene  with  a  small  quantity  of  a-dichloropropyWne.  It  is  alio 
fimned,  together  with  a  small  quantity  of  8-dichloropropylene,  on  heating 
y-trichloropropaiie  with  water,  and  by  the  action  of  chlorine  in  the  dark  on 
ychloropropylene.  It  combines  with  hydrochloric  acid  at  100 — 105'  (212"— 
921*  F.),  fiinii«hing  y-tTichl<nv>propaiie.  It  alao  nnitea  with  hrainine  with 
greater  energy  than  a-dioblonq9roi>yl«io ;  tiio  dibromodiobloropropana  which  is 
formed  boils  at  abont  205**  (401°  F.),  and  at  o**  (32°  F.)  has  the  sp.  gr.  2"  161, 
/9-dichloropropyleno  is  converted  by  heating  to  100"  (212"'  F.)  with  an  alcoholic 
solution  of  potasitic  hydrate  into  the  compound  CjH^Cl.OC.Hj,  boilint^  at  iio** 
(230**  F.),  of  the  sp.  gr.  I'oix  at  0°  (32"  F.)  (Friedel  a.  Siiva,  Comj^t  Eend., 
Izsiv.  955 ;  bar.  81). 

When  it  is  mixed  with  conoentrstsd  solphnrie  acid,  and  the  mixture  is 
snhsequently  distilled  with  water,  monoohloraoetone  is  produoed  (Henry,  DettL 
dkem,  Oct.  B«r,,  v.  190) ; 

CHjCLCCazrCH,  +  2H,S0^  =>  HGl  •!>  CH,Ca.C(HSOJ,.CH, ; 
CH,aC(HSOJ^CH,  +  OH,  =  CH^CI.CO.CH,  +  2H,S0^. 

MoDochlonutetooSu 

y-T)icJiloropropifUm»s  CH^ "  CIT.CHC3,,  is  produced  by  the  action  of 
phosphoric  chloride  on  acrylic  aldehyde  or  aerolein  (Huebner  and  Qeuther, 
Amu  CAem,  Fkarm,,  cxi?.  36)  : 

CH;zXJH,OOH  +  PCS,  -  CH,=lCH.CHCI,  +  POCIg. 

r^BidUsngfogjlMM. 


According  to  Aronstein  {Ibid.,  Suj)bd.  iii.  184),  the  compound  C,H^C1.0CjH, 
formed  bj  heating  it  to  130°  (266^  F.)  mih  an  aleoholie  sohition  w  potasaio 
hydrate  boib  at  H5*— 120°  (239*'— 248*  F.). 

i-Dichhropropylene :  CHCl  ZZ  C?C1.CH,.  —  When  ytriohloropropane  is 
heated  with  water,  or  with  potassio  hydrate  alone  or  in  alcoholic  solution,  a 
mixture  of  ^-  and  8-dichloropropylene  ib  obtiiined,  consisting  chieHy  of  the  latter 
when  potas^ic  hydrate  i»  employed,  but  chiefly  of  /3-dichloropropyiene  when  water 
is  employed  ( Friedel «.  Silva).  The  dibromodiohloropropane  fonned  bj  the  union 
of  Wichloropropylene  with  bromine  boils  at  about  1 90"  (374*  F.). 

The  higher  chkmnsled  deriYatives  of  propyleiie  hsve  not  hitherto  besQ 
investigated. 

(1244)  MoNOBBOMOPKOPYLFNE  :  C3H,Br=i2i. — The  only  three  bromo- 
propylenes  which  theoretically  are  possible  have  been  obtained ;  we  are  indebted 
to  ibB  Freneh  ehemist  Rebod  for  most  of  oor  knowledge  of  these  bodies  {Compt 
Send,,  hsT.  613,  669;  Ism.  1270 ;  Ixxiz.  317). 

B.P.(Csnl.)         8^  Or. 

••Bromopropylcne 

or  allelic  bromide 

/3-r>romopropylene  .      CH.  CHziCIIBr  6o*         1*428  at  i9°-5 

y-Bromopropylene  .     CH,.C13r~ClI,  48°  1*364 


I  CH^Br.CHzzCH,        71*  X'436ati5'' 
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a-BromopropylcM  or  allylte  hraaUdB  m  prodnmd  Ij  tbt  Mtion  of  phoft- 
pboront  bromide  on  aUylic  alooltuA  (ToUoim). 

^Bnmupnpi/hne  if  fornied  together  wiih  yAfromopropylene  when  j3-dibro- 
moprapene  or  propyiraio  bromide  is  deoompoMd  with  potfMio  hydrate  aoiotion : 

CH,.CHBr.CH,Br  +  KHO  s  CH,.CII=GHB^  +  EBr  +  OH.; 
/mibwiia|giHMmi  /l>BraiBoprapj1fliMi 

CH,.CHBr.CH,Br  +  KHO  =  CH^CHr=CH,  +  KBr  +  OH.. 
^•Dlbromopropane.  omopro;  yiene.  ■ 

y-Bromopropylcno  is  also  formed  by  treatiug  d-dibromopropane  with  an 
alcoholic  iolutiou  of  potussic  hydrate  : 

CH,CBr,.CH,  +  KHO  =  CH,.CBr— CFT,  +  KBr  +  OH^ 
S-JHbcoBOfiroiiaiML  y«Broaiafn>pfl«M, 

When  a*bromopropylene  itt  heated  for  about  twelve  minutes  to  100^  (2I2^F.) 
with  a  saturated  solution  of  hvdrobromic  acid  in  sealed  tubes,  it  is  alrooet  com- 
pk'tely  converted  into  a-dibromopmpane,  CH  .Hr.CH^.CHjBr  ;  if,  however,  a  leas 
concentrated  acid  be  employed,  more  or  leiw  ^-dibromopropane,  CU,.CUBr.CH.Br, 
is  also  formed. 

/S-Bromopropylene  eombinee  abwlj  with  hydrobromio  add,  erai  at  100^ 

(212°  P.),  and  furnishes  a  miztnre  of  0-  and  y-dibromopropane,  CII,.CH..CHBr,, 
the  latter  of  which  boils  at  130'  (2(^)6°  F.) ;  with  bromine  this  bromopropylene 
forms  a  /3-tribromopropane,  CH^.CliBr.CHBr.,  which  boila  at  200°  (392**  Jf.)* 
and  at  18"  F.)  has  the  sp.  gr.  2*356. 

y-Bromopropyleue  combines  readily  even  in  the  cold  with  hydrobromic  acid, 
forming  d-dilnomopropane  only ;  the  ytribromc^Mropane,  CH,.CHr,.CH,Br,  whidi 
is  form<^  by  the  onion  of  bromine  with  y^bromopNipylene,  boils  at  190J 
(374"  F.). 

DiBuoMoru  1  VI  KNT- :  CJIJir^  -  200. — ^At  present  only  two  dibromo* 
propylenes  are  kuown  with  certainty,  viz. : 

B.P.(OaiA) 

/3-Dibromopfopylene    •    .    CTI,Br  CBrizCH,  142° 
^Dibromcpropylene.   .   •   CH..CBi^CHBr      abont  I20^ 

jS-Dibromopropylene  is  formed  by  the  action  of  poiassic  hydrate  on  a-tribro- 
mopropane  or  toibromhydrin ;  probably,  however,  the  prodnet  of  this  action— the 

so-called  dibromo<;lycid — contains  some  a-dibromopropylene.  It  boils  at  142* 
(287°"6  F.).  It  readily  enters  int<i  reaction  with  potassic  acetate,  potassic 
thiocyanate,  and  argentic  nitrate,  forming  bromalh/h'r  acetate,  C,HjOj.Cjll  J5r, 
broinaUiflic  thiocjfanale^  CjH^Br.CSN,  and  brumallj^lic  nitrate,  LjH^Br.NO, 
(Henry,  JDeut  dim.  €f9i,  Ber.,     191,  452). 

d-Dihromoprapytene :  CH..CBi^HBr.— The  allylene  dibromide  whieh 
is  fimned  together  with  allylene  tetrabromide  by  the  action  of  bromine  on  allylene 
(p.  2t8)  is  probably  this  componnd,  and  the  body  first  obtaim-d  by  Calioiirs  by 
treating  bromopropyU'uic  bromide  witli  potassic  hydrate  dctubtloss  also  cousists 
mainly  of  ^-dibromopropylene.  The  boiling-point  of  allylene  dibromide,  according 
to  Oppenheim,i*  127^ — 131°  (26o**6 — 267"^  8  F.),  but  this  is  probably  too  high, 
owing  to  the  presence  of  allylene  tetrabromide ;  that  observed  by  Cahonrs  (abont 
IIO^,  or  248"  F.)  is  perhaps  nearer  the  truth. 

Several  higher  brominated  deriratives  of  propylene  have  been  obtained,  but 
very  insntfjciently  described. 

Chlorobuomopuopvlknes. — D'chlorallylene,  CjHjC'l.,  from  croton-chloral, 
oombtnes  with  bromine,  forming  a  dibromodiehloropropylene,  C,l{,Cl,Br^  whieh 
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b  not  oonrcilad  into  a  propane  derivative  by  heating  wt&  Inrointna,  Iwt  eonbangee 
bjdrogan  for  Imniine.    The  Inoinodiobkfallylene  obtained  bj  treating  the 

dibroniodichloropropylene  with  fwtaeeic  hydrate  furnishes  witii  bromine  a 
crj-wtallinc  triltromodichloropropyhne,  C^HCl.Br,,  and  this  compound  also  does 
not  combiiiL'  with  bromine,  but  when  heated  with  it  up  to  160"  (.320"  F.) 
during  several  hourti  is  converted  into  a  tetral/rot/njdichlvropropi/ietWf  C^Br^Clg» 
whieh  ia  liquid  (Pinner,  Dtmi,  ekm.  Get.  Bet.,  v,  90$\ 

(1245)  tooPBOPTLBHB :  C,H^  s  168.^  Two  of  theee  oomponnda  have 


B.  P.  Cent 
o 


a-Iodopropylcne  or  allylic  iodide    CH,I.CH  .CH,        10 1 

y-Iodopropylene    .....    CH^.ClZZCH,       about  80*. 

O'lodopropt/Iene  or  Allylic  iodide  may  be  obtained  pare  by  carefully  mixing 
80  pt«.  of  allylic  alcohol,  127  pts.  of  iodine,  and  10  pts.  red  phosphorus;  after 
two  days  the  mixture  ia  distilled,  and  when  one-half  has  passed  over,  water  is 
added,  and  tlie  diitillation  oontinned  nntil  oily  drope  eeaae  to  paas  over  with  the 
water;  the  product  is  washed,  dried,  and  purified  by  distillation  (Tollens  a.  Hen- 
ninger,  Ann.  Chem.  P^rtrw.,  clvL  156).  It  is  also  produced  by  the  action  of 
hydriodic  acid  or  of  iodide  of  phosphorus  on  glycerine,  but  is  always  con- 
taminated with  isopropylic  iodide,  whereas  the  product  from  allylio  alcohol  ia 
almost  free  from  that  compound. 

It  is  a  colooflcsa  Uqaid,  having  a  pungent  somewhat  alliaoeoos  odour,  of  the 
Wj^  gr.  1*839  ^4*^  (57*^*^  ^')'  ^jthe  action  of  nascent  hydrogen  it  is  readily 
converted  into  propylene;  the  best  method  of  effectinc:  this  change  is  to  eover 
pranulatt  d  zinc  with  90  |)er  cent,  of  ah  ohol  in  ;in  appropriate  apparatus,  add  the 
allylic  iodide,  and  then  pour  in  concentrated  hydrochloric  acid;  the  action  at 
once  takes  place,  and  the  gas  evdved  eontaina  only  about  J  of  its  vdnme  of 
hjdrogen  (ToUens).  Hydriodie  add  converts  it  into  propylene,  and  isopropylie 
iodide,  bnt  the  formation  of  thfloe  sabstances  appears  tO  be  preceded  by  that  of 
the  eonponnd  GfiJ^  (£rlenineyer,  Ann,  Ckem.  PAotm.,  cxzxir.  211),  thos : 

C,H,I    +    HI    «*  C,H,l,} 


C.HJ.     -     C.II.  I.; 
IMtodoftopst.  Pra|ijtaM. 

C,HJ,    +    HI    =    C.H,I    +  I.. 

IXiodopropaae.  IOiloim>]NUM. 

Mercury  combines  directly  with  allylic  iodide,  forming  mercurall ylic  iodide, 
C,H^HgI ;  this  crystallizes  in  white  scales  which  are  moderately  soluble  iu  acetoue 
•nd  warm  earbonie  biaolphide.  The  formation  of  thnsabetanoe  is  mndiftdlitated 
by  the  addition  of  an  equal  volume  of  alcohol  (Oppenheim,  Ikut,  chem.  Qe*.  Ber,, 
iv.  670).  Characteriiitic  of  this  substance  is  the  extreme  readiness  with  which 
it  is  converted  into  the  hj  drocarbon,  C^Hj^  (see  diallyl). 

Allylic  iodide  readily  enters  into  double  decomposition  with  silver  and 
potassiom  sslts  s  thna  the  action  of  potasue  ethylate  oonverts  it  into  allylic  ethylic 
ether,  C,H..O.C,H,. 

y-Iodopropylene  is  probably  the  snbstancc  which  is  produced  by  the  action 
of  potassic  hydrate  on  the  diiodopropane.  CHj.Cl,,CH^.  formed  by  combining 
allylene  with  hydrio lie  acid  (Senienofl",  t/</Ar/j.  Chcm.,  1865,494).  It  has  a 
strong  not  unpleasant  smell ;  its  sp.  gr.  at  0°  (32''  ¥.)  is  i'8346,  and  at  16° 
(6o<^8  F.),  1*8028. 

Accmding  to  Wiiiti,no  iodopropylene  is  fonned  by  the  action  of  an  alooholio 
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soldaon  of  poUauo  hjdnte  on  propylenie  iodide,  tliit  eomponnd  beii^  eMrbonisad 
and  partialljoonvartedtnio  isopropylio iodide  {Ann.  Ckem.  JPharm.,Sup.,  vi.  353). 

DiiODorsoPVLENK  :  C,n  -  294. — By  exposing  allylene  to  suuli^t  during 
two  months,  in  contact  with  a  solution  of  iodine  in  potassic  iodide,  a  liquid 
(?  8-)  diiodopropylene  is  obtained,  which  boiU  at  about  198^  (388''4  F.) 
(Oppeohwn,  JaM,  Oktm.,  1865,  492). 

Tbiiobopboptlbiib:  C  Jl  J,  =  42a— This  oompomid  is  prndmed  by  agittliBg 
al^lene  silver,  Cfl^kg,  with  an  ethereal  nolutiou  of  iodine  until  the  colour 
cetses  to  disappear ;  it  crystallizes  in  long  white  needles,  wbioh  iMli  al  64^ 
(l47®*2  F.)  (Lioberniann,  Ann.  C/iem.  Pharm.,  cxxxv.  266). 

(1246)  Haloid  Dkkivatives  of  othee  Olefines. — A  number  ofmono- 
bdoid  derivatirM  have  lieen  obtotned  by  the  aetioo  of  potaMtio  bydiato  on  tiia 
oomponnda  formed  by  combiniiig  the  oleSnea  with  the  halogwis,  bat  with  few 
ezoeptaimt  little  is  known  of  them,  and  the  discovery  that  erode  chloro-  and 
brotnopropylene  are  mixtures  of  isomeric  substances  renders  it  probable  that 
many  of  tlu'  haloid  derivatives  of  higher  olefmeri  hitherto  regarded  as  pure,  will 
in  a  similar  manner  be  found  to  be  mixtures.  Very  few  haloid  derivatives  of 
the  higher  olefines  eontaiiiing  mart  than  one  aton  of  halogen  have  been 
prepared* 


§  m.  HtDBOCABBONS  of  TBI  C^Hsn-s        ACBTTLNB  SSBIBi. 

(1247)  Special  interest  attaches  to  tins  series  of  bydiocarbons 
not  only  because  its  first  term  acetylene^  ^fiv  ^  ^  Icn^dni 
compoand  of  carbon  and  hydrogen  whidi  can  be  obtained  by 
the  direct  nnion  of  its  elements^  bnt  also  on  account  of  the 
remarkable  properties  of  this  hydrocarbon. 

Although  a  number  of  the  homologues  of  acetylene  have 
been  obtained,  our  knowledge  of  most  of  them  is  at  present 
extremely  limited ;  they  are  as  foHom : 

&P.(OHrtJ 

Acetylene   'CJH,  — 

Allylene  I  C  H  -— 

Isoallylene  or  allene  ....  J        •  * 

Crotonylene   C^,  l8*— 25* 

Yskiylene  \  41'— 4a* 

Propylaeetylene  I  ^  ^  48  — 49* 

IsopvQpyhwetyleDe   ....[••  — 

Isoprene  )  38° 

Hexoylene  I  -  „  So" 

Diallyl  /  ^t"*  59** 

Amylaoetylene  )  p  „  loo** 

TetvamethyUdlene    .   .   .   ./  yo"" 

Caprylidene  ^  „  133* 

Tetrahydrometaxylene  — 

Decenylene  \  165" 

Menthene  \  C„H^  163' 

Batykae  j  150° 

NonyUuseiyleoe   C„H„  aio*— 215* 

Benylene   C„H^  225° 

Cetenylens   C,^H^  »8o' 
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Hofmann  has  proposed  to  distinguish  the  hydrocarbons  of 
this  scries  by  tlie  termination  ine,  into  which  he  suggests  the 
termination  ane  of  the  corresponding  paraffins  should  be  changed  ; 
no  systematic  nomenclature  has  been  generally  adopted  up  to  the 
present  time,  however. 

(J248)  Acetylene  or  Ethine,  C.,H.,  or  liC.  CH  =  26. — The 
establishment  of  the  existence  of  this  hydrocarbon  is  due  to 
Berthelot,  to  whom  indeed  we  are  very  largely  indebted  for  our 
knowledge  of  acetylene,  but  it  appears  to  have  been  discovered 
by  E.  Davy  in  1836,  when  decomposing  with  water  a  compound 
of  potassium  and  carbon  formed  during  the  preparation  of 
potassium ;  he  called  it  Kbmene.  Berthelot  has  shown  that  it 
is  formed  on  passing  methane,  ethylene^  or  the  vapour  of  alcohol 
or  ether,  besides  many  other  substances,  through  red-hot  tubes, 
and  that  it  is  a  constant  product  of  the  incomplete  combustion  of 
all  organic  bodies.    It  is  present  in  coal-gas  in  small  quantity. 

To  obtain  it  £rom  its  elements,  a  current  of  hydrogen  is 
passed  through  a  Tessel  in  whii^  two  pieces  of  hard  carbon  (gas- 
coke),  forming  the  terminals  of  a  powerful  galvanic  battery,  are 
intensely  heated  by  the  electric  current.  Berthelot  has  ascer- 
tained that  the  combination  of  carbon  and  hydrogen  does  not  take 
place  at  the  temperature  produced  in  a  furnace  capable  of 
fusing  porcelain,  or  even  under  the  influence  of  the  induction 
spark. 

Acetylene  is  also  produced  in  many  other  ways :  for  example, 
by  the  dectiolysiB  of  the  sodie  salt  of  fiunaric  or  maleic  acids 

(Kekule) : 

C^,(CO,Na),  +  aOH,  =  C,H,  +  aCO,  +  aNaOH  +  H,. 

rfninarate.  AottrloM. 

By  SawitscVs  method,  of  heating  bromethylene  with  an  alcoholic 
sedation  of  potassic  hydrate : 

C,H,Br  +  KOCjH,  =  C^H,  +  KBr  +  C,H,OH. 

By  passing  the  vapour  of  a-dichlorethane  or  ethylenic  chloride 
through  a  porcelain  tube  filled  with  pieces  of  unslaked  lime  and 
heated  to  redness  (v.  Wilde,  DeiU,  ehem,  Ge»,  Ber.,  vii.  352): 

CjH^Cl,  +  CaO  =  CjH,  -|-  CaCl,  +  OH,; 

this  is  one  of  the  best  methods  of  preparing  acetylene  when  it  is 
required  in  quantity.    By  the  action  of  water  on  the  calcium 
carbide  produced  by  heating  Caron's  calcium-sinc  alloy  to  a  high 
S  It 
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temperature  with  carbon  (Wdhkr).  Bj  paasmg  the  Tapoar  of 
chloroform  over  ignited  copper  (Berthelot)  : 

aCHCl,  4.  3Cn  s         +  3Ca,CV 

By  the  action  of  the  zinc-copper  coujjIc  on  chloroform,  hromoform, 
and  iodoform,  dissolved  in  alcohol  ;  the  amount  produced  is 
f.n  t'utest  when  iodoform,  and  least  when  chloroform  is  used 
((Jladbtone  a.  Tribe,  Chem.  Soc.  Journ.,  xxviii.  508).  When 
a  mixture  of  carbonic  oxide  and  methane  is  passed  through  a 
red-hot  tube  (Odling)  :  CH,  H-  CO  =  Cfl,  +  OH,.  By 
pawiug  sparks  from  a  powerful  induction  coil  through  methane  : 

aCH^  =s  C5H,  +  2H2. 

The  action  of  the  spark  is  at  first  rapid,  but  diminishes  as  the 
Tolume  of  hydrogen  increases ;  if,  howeyer,  the  acetylene  be 
absorbed  as  it  is  formed,  nearly  fonr-fifths  of  the  methane  may 
be  ultimately  converted  into  acetylene  (Berthelot).  The  ya- 
pours  of  many  organic  compounds,  especially  benzene^  yield 
acetylene  when  submitted  to  the  action  of  the  induction  apark. 
Acetylene  is  produced  in  the  incomplete  combustion  of  coal-gas 
in  a  Bunsen  lamp,  when,  as  is  often  the  case,  the  flame  burns 
within  the  tube  at  the  small  orifice  from  which  the  gas  issues 
before  it  is  mixed  with  air;  the  peculiar  odour  which  is  then 
observed  bong  due  to  the  acetylene.  By  burning  a  jet  of  air  in  an 
atmosphere  of  coal-gas,  acetylene  may  be  obtained  in  considerable 
quantity,  and  a  very  useful  apparatus  for  this  purpose  has  been 
devised  by  McLeod  {Ckem,  Soc.  Jmtm,,  1866,  p.  152). 

In  all  these  cases  the  acetylene  is  more  or  less  contaminated 
with  other  substances,  but  it  may  readily  be  purified  by  causing 
the  mixed  gases  to  pass  through  a  solution  of  cuprous  chloride  in 
ammonia;  this  solution  absorbs  acetylene  rapidly,  and  forms 
with  it  a  flocculent,  dark-red,  insoluble  substance.  The  liquid  is 
afterwards  heated  to  boiling  in  order  to  destroy  the  compound  of 
ctlivlene  with  cuprous  chloride,  which  is  formed  if  ethylene  is 
pn  sent,  and  after  coolinj^,  the  precipitate  is  collected  on  a  filter 
and  washed  ;  it  is  then  heated  with  hydrochloric  acid,  when  pure 
acetylene  is  e%'olved.  This  solution  of  cuprous  chloride  is  a  verv 
delicate  test  for  acetylene  :  according  to  Berthelot,  the  formation 
of  a  distinct  red  film  is  observable  when  a  drop  is  introduced 
into  50  cc.  of  a  gaseous  mixture  containing  so  little  as  "oooi  per 
cent,  by  volume  of  acetylene.  The  formation  of  acetylene  in 
cases  of  incomplete  combustion  may  also  readily  be  shown  if  a 
little  of  the  solution  be  poured  into  a  tall  narrow  jar  filled  with 
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the  gas  or  vapour  for  combustion— ether  or  benzene  Taponr^  for 
example ;  on  setting  fire  to  the  mixture,  holding  the  jar  in 
a  nearly  horizontal  position,  and  causing  it  to  revolve  so  as  to 
distribute  the  cuprous  solution  over  the  sides  of  the  jar,  a  con- 
siderable depoiiit  of  the  brownish-red  copper  compound  will  be 
obtained. 

Acetylene  is  a  colourless  jras,  liaviiinf  a  peculiar  characteristic 
disagreeable  odour  ;  it  burns  with  a  very  bright  smoky  fluTiie, 
and  is  on  this  account  one  of  the  most  valuable  illuminating  (con- 
stituents of  coal-gas.  It  is  soluble  in  about  its  own  volume  of 
water  at  18°  (64°'4  F.),  whilst  absolute  alcohol  dissolves  nearly 
6  Yolomes  of  the  gas.  It  has  not  yet  been  liquefied  either  by 
cold  or  pressure. 

By  determining  the  amoimt  of  heat  evolved  during  the 
combustion  of  acetylene,  and  comparing  it  with  the  amount 
evolved  on  combustion  of  the  same  quantities  of  the  elements  of 
which  it  is  composed,  Thomson  has  shown  that  a  very  large  amount 
of  heat  is  abaorbed  in  the  formation  of  acetylene  from  its  elements, 
no  less  than  55,010  units  of  heat  in  the  formation  of  %6  grammes 
of  acetylene  (Deut,  ehem»  Oe$.  Bar.,  v.  773). 

Acetylene  is  decomposed  by  the  induction  spark  with  sepanu 
tion  of  carbon,  and  is  also  almost  wholly  resolyed  into  its 
elements  when  slowly  passed  through  a  porcelain  tube  heated  to 
bright  redness ;  but  when  heated  in  a  bent  glass  tube  standing 
over  mercury  to  the  temperature  at  which  glass  softens,  it  is 
gradually^  and  if  sufficient  time  be  allowed,  completely  converted, 
with  separation  of  small  quantities  of  carbon  and  hydrogen,  and 
formation  of  small  quantities  of  ethylene  and  ethane,  into  a 
mixture  of  liquid  and  solid  hydrocarbons.  This  mixture  contains, 
Oj  a  very  volatile  liquid  hydrocarbon  j  b,  benzene,  Cgllg,  to  the 
extent  of  nearly  half  the  product ;  r,  cinnatnene,  C^^H^,  to  the 
extent  of  about  one-fifth  ;  d,  naphthalene,  Cj^H^, ;  e,  a  mixture  of 
highly  fluorescent  oils,  boilinjr  at  2  50° — 340°  (4?^2° — ^44°  F.) ;  and 
f,  retene,  Cj^Hj^.  If,  however,  a  piece  of  coke,  previously  ignited 
and  cooled  under  mercury,  be  intnulneed  into  the  bent  glass 
tube,  the  acetvlene  is  resolved  under  the  same  conditions  as 
above,  into  its  elements,  scarcely  any  by-products  being  obtained, 
showing  that  the  mode  of  decomposition  is  greatly  inflnenced  by 
the  presence  of  foreign  bodies  (Berthelot). 

When  submitted  to  the  action  of  the  silent  electric  discharge, 
acetylene  is  completely  converted  into  a  brown  amorphous  solid 
substance  (v.  Wilde,  DetU*  chem.  Get.  Ber,,  tU.  357). 

Free  hydrogen  does  not  act  upon  acefylene  at  oirdinary 
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temperaturefl^  but  when  the  gases  are  heated  together,  small 

quantities  of  ethylene,  benzene,  naphthalene,  and  other  hydro- 
carbous  are  produced.  Wlicn  a  mixture  of  acetylene  with  twice 
its  volume  of  hydrogen  is  placed  in  contact  with  plaiinnm-black, 
the  acetylene  is  rapidly  converted  into  ethane  :  C^H.,  +  2Hj  =  C2Hg 
(v.  Wilde).  Nascent  hydrogen  in  alkaline  liquids  readily  con- 
verts acetylene  into  ethylene,  but  this  change  does  not  take  place 
in  acid  liquids  (Berthelot).  The  conversion  is  best  effected  by 
the  action  of  zinc  and  dilute  ammonia  solution  on  the  so-called 
cuprous  acctylidc  ;  the  nascent  hydrogen  formed  by  the  action 
of  the  zinc  on  the  ammonia  solution,  it  may  be  supposed, 
produces  acetylene,  which  at  the  moment  of  formation  combines 
with  the  nascent  hydrogen,  yielding  ethylene.  The  formation  of 
ethylene  in  this  manner  £rom  acetylene  must  be  accompanied 
by  the  evolution  of  a  very  considerable  amount  of  heat,  for 
Thomson  has  shown,  by  determining  its  heat  of  combustion,  that 
10,880  units  of  heat  are  absorbed  in  the  formation  of  28  gnuns 
of  ethylene,  and  since  in  the  production  of  26  grams  of  aoetjlene 
55jOio  units  of  heat  axe  absorbed,  the  difference  between  these 
two  numbers — yii»,  44»i30 — ^represents  the  number  of  units  of 
heat  evolved  in  the  combination  of  96  grams  of  acetylene  with 
2  grams  of  hydrogen. 

"When  a  series  of  powerful  induction  sparks  is  passed 
through  a  mixture  of  acetylene  with  nitrogen,  the  two  gases 
combine  to  form  hydrocyanic  acid  (Berthelot).  This  may  readily 
be  shown  by  passing  the  sparks  between  metallic  points  in  a  vessel 
through  which  a  current  of  nitrogen  laden  with  bensene  vapour 
is  transmitted ;  acetylene  is  then  produced  by  the  aetion  of  the 
spark  on  the  benzene,  and  combines  with  the  nitrogen ;  the 
issuing  gas  is  passed  through  an  alkaline  solution,  and  the 
presence  of  the  cyanide  afterwards  demonstrated  by  the  prussian 
blue  test  (Pc  rkin). 

If  mixed  N\iih  (lilorine, acetylene  usually  explodes  spontaneously; 
this  occurs  almost  immediately,  even  in  dillused  light,  carbon  aud 
hydrochloric  aeid  being  formed  ;  sonu'times,  however,  no  explosion 
takes  place,  but  tlie  two  gases  unite  forming  a-dichlurctlnjlcne  or 
acetiiJene  dichloridc.  C.JI.X^lj.  Acctvlene  is  absorbed  l)v  antimouic 
chloride,  much  heat  being  evolved ;  tlie  crystalline  comj)ound, 
CglljSbClj,  which  forms,  is  resolved  by  lieat  into  a-dichlorethy- 
lene>  and  antimouious  chloride,  and  if  heated  with  autimonic 
chloride  yields  a-teirachlon  f^tme,  C^llgCl^.  When  acetylene  is 
passed  into  bromine  covered  with  a  layer  of  water,  aud  kept  ooolt 
acetylene  tetrabromide  or  a-ietrabrometkane,  C|H,Br^  is  pro* 
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dnoedf  together  with  a  small  quantity  of  CTTstaUine  tribromethylene. 
By  latnrating  absolute  alcohol  with  acetylene,  and  then  adding 
the  neoenaiy  qnantity  of  bromine  to  fonn  acetylene  dibromide, 
and,  after  repeating  tiiese  operations  a  snfficimt  number  of  times, 
adding  water,  an  oil  is  precipitated,  consisting  of  aeetykne ' 
dUromde  oat  a-diiromethifkme  (Sabancgeff,  Ann.  Chem,  Pharm,, 
clxx^iiL  113).  Acefylene  slowly  combines  with  hydrobromic 
acid»  and  is  converted  into  P-dibrmnethMe,  C^H^Brg  (Keboul). 

When  acetylene  is  heated  with  iodine  in  closed  Tcssek  to 
100^  {21%**  F.)  for  about  20  hours,  dmdMyUne,  CgHJg,  is 
ibnned  (Berthelot).  This  compound  may  be  obtained  more  easily 
by  passing  acetylene  into  a  pasty  mixture  of  iodine  and  alcohol ; 
it  crystallizes  in  long,  thin,  pliable  needles  which  melt  at  73° 
(i63°'4  F.),  and  possess  an  intensive  characteristic  odour; 
together  with  this  body  a  very  volatile  iodide  of  unknown  com- 
position, and  a  liquid  iodide  of  the  same  composition  as  the 
crystalline  acetylene  iodide  are  produced  (Sabanejcff,  loc.  cit.). 
By  the  action  of  a  concentrated  solution  of  hydriodic  acid, 
acetylene  is  cotnerted  into  a  mij^ture  of  iodetAylene,  CgU,!,  and 
dUodethane,  C  ,11  J  ,. 

According  to  Berthelot,  acetylene  is  absorbed  when  briskly 
agitated  for  a  long  time  with  concentrated  sulphuric  acid,  and 
converted  into  hydric  vinylic  sulphate,  CgU^USO^ ;  by  carefully 
diluting  with  water,  neutraiiaing  with  baric  carbonate,  and  then 
concentrating  the  solution,  crystalline  baric  rinylic  sulphate  is 
said  to  be  produced.  If  the  add  liquid  be  distilled  with  water, 
a  liquid  is  obtained,  slightly  more  volatile  than  water,  and  having 
a  Tery  pungent  odour  somewhat  similar  to  that  of  acetone ; 
this  Borthelot  regards  as  vinylic  akiAol,  C,Hg.OH.  The 
product,  however,  does  not  iq»pear  to  have  been  prepared  in  a 
pure  state,  nor  to  have  been  analysed,  and  it  is  not  at  all 
improbable  that  it  is  erotome  aUUhyde,  the  acetylene  being  first 
converted  into  aeetie  aUUhffde,  which,  under  the  influence  of  the 
add,  furnishes  crotonic  aldelqrde,  thus : 


III      +    aH,SO«    =  I 


9 


CH 


CH(HSOJ, 


CH,  CH, 

I  +  OH,  =  I 

CII(HSOJ.  COH 


+  alljSO^; 
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2C2H,0  =  CJIgO    +  OH,, 

Acetic  alikhjda.     Craloirio  •UMvd*. 

By  the  action  of  potanic  pernumgaiiate  solution  at  ordinaij 
tempmturea  acetylene  ia  oiidised  to  <»alic  acid ;  fonnic  and  car- 
bonic acids  being  fonned  as  secondary  prodncts :  by  a  dilnte 
solution  of  pme  chxomic  acid,  it  is  con?erted  into  acetic  add 
(Berthelot). 

(1249)  MdalUc  derwaihe$  fif  aeetplme. — ^When  sodinm  la 
beated  gently  in  acetylene^  the  latter  is  absorbed,  and  a  yolume  of 
hydrogen^  equal  to  about  half  the  aoetylenet^  is  liberated,  Mdtass 
aeeSylene,  Cfi^A,  being  formed ;  at  a  dull  red  beat,  <R$o4km 

,  acetylene,  CgNaj,,  is  produced,  and  a  volume  of  hydrogen  about 
equal  to  that  of  the  acetylene  is  liberated ;  in  both  cases  small 
quantities  of  ethylene  and  ethane  are  formed  by  the  union  of 
acetylene  with  hydrogen.  When  potassium  is  melted  in  acetylene 
it  takes  fire,  and  is  converted  into  dipotassium  acetylene,  C.^K,. 
These  C()mix)unds  are  immediately  decomposed  by  water,  acetylene 
being  regenerated  (Berthelot). 

The  precipitate  of  so-called  cuprous  acetylide  (cuproso-acetylic 
oxide :  Berthelot ;  cuproso-vinylic  ether  :  Frankland),  formed  on 
passing  acetylene  into  an  ammoniacal  solution  of  cuprous  chloride, 
after  being  wa<shed  with  ammonia  until  free  from  chlorine,  and 
then  with  water,  has  the  composition  indicated  by  the  formula 
{C^Ufiu^fi  (Berthelot).  It  is  a  very  unstable  compound,  deto- 
natiug  by  percussion,  or  when  heated  to  between  95^  and  1 20^(203° 
and  248°  F.),  By  passing  acetylene  into  a  solution  of  cuprous 
chloride  in  potassic  chloride  and  washing  the  precipitate  with 
potassic  chloride  solution  and  aftisrwards  with  water,  the  compound 
CgHCugCl  (cuproM-aceiyUe  chhride:  Berthelot)  is  obtained, 
which  is  of  a  darker  colour  than  the  cuprous  acetyUde.  Com- 
spondmg  silver  derivatives  (C,HAg^gO  and  G,HAg,Cl,  are  formed 
aswhite  precipitates  bypassing  acetylene  into  ammoniacsl  solutions 
of  silver  nitrate  and  chloride :  the  silver  acetylide  is  a  highly 
explosive  compound.  Explosive  gold  and  mercnxy  derivatives  are 
also  produced  on  passing  acetylene  into  a  solution  of  sodic  auric 
hyposulphite,  or  by  leaving  acetylene  for  some  time  in  contact 
with  a  solution  of  potassic  mercuric  iodide,  mixed  with  a  little 
ammonia.  Acetylene  is  reproduced  from  all  these  metallic  deri- 
vatives when  they  are  warmed  with  hydrochloric  acid. 

Our  knowledge  of  these  substances  is  very  incomplete  how- 
ever, as  their  examination  is  extremely  difficult  on  account  of 
their  explosive  nature ;  and  although  Berthelot  has  assigned 
formulsB  to  them,  he  has  not  furnished  us  with  the  experimental 


Digitized  by  Google 


ACITTLINB, 


215 


data  upon  which  his  conclusions  are  based.  The  cuprous  denTa- 
lives,  if  the  formuUe  given  to  them  are  correct^  may  perhaps  be 
repieaented  as  follows : 

HCsCCilCu. 

.  HC=C.Ca.CaCL 

HC=C.Cu.Cu/ 

Altiiough  cuprous  acetylide  is  fireqnentlj  regarded  as  a  deri- 
▼ative  of  vinylic  oxide  or  ether,  thus : 

Cu— Co  Cu-Cn 

II  II; 
HC=C-0~C=CH 

s  ooDsideration  of  tbe  manner  in  which  it  is  formed,  and 

the  fact  that  acetylene  is  so  readily  rejiroduced  ou  treating 
it  with  hydrochloric  acid,  readers  this  formula  extremelv  impro- 
bable, not  to  say  impossible. 

The  silver  derivatives  may  be  similarly  represented  if  it  be 
admitted  that  silver  is  iu  these  compounds  trivalent : 

^o.  HC=aAg=Aga. 

HC=C.Ag=Ag^ 

Carstaiyen's  formulae  {Journ.  pr.  Chem.  [2],  iv.  420^ : 

(AgC—CAg),  +  OH,;       AgC=CAg  +  HQ; 

appear  less  probable,  as  there  is  reason  to  doubt  whether  Ixjth 
atoms  of  hydrogen  iu  the  acetylene  molecule  are  displaced  by 
silver,  since  sodium,  which  appears  to  have  a  greater  displacing 
power  than  silver,  furnishes  disodium  acetylene  only  when  heated 
to  dull  redness  in  the  gas. 

Bj  agitating  silver  acetylide,  suspended  in  water,  with  an 
ethereal  solution  of  iodine,  until  the  latter  was  no  longer  de- 
odoriied,  Berend  (.^nii.  Chem.  Pharm,,  czzxv.  257)  obtained  a 
yellow  crystalline  compound  of  the  composition  C^HJ^.  The 
nfttme  of  this  body  is  at  present  unknown,  but  its  formation 
may,  to  a  certain  extent,  be  regarded  as  evidence,  that,  in  silver 
acetylide,  the  whole  of  the  hydrogen  of  acetylene  is  not  dis- 
placed by  silver. 

(1250)  H0MOL00UIS  or  AdTTUNi. — PrtparaiUm :  Tbib  only 
gencand  method  at  present  known  of  preparing  these  hydro- 
carbons, is  by  the  action  of  an  alcoholic  eolation  of  potassic 
hydrate  on  the  monohaloid  derivatives  of  the  defines,  ihns : 

C||U.».iBr  +  KO.CjH,  =  C.H,„.,  +  KBr  4-  llO.CjUj. 
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It  18  to  1)6  Boted^  Lovew^  that  certain  of  the  haloid  deriTatiyes 
of  the  olefines  are  not  thus  acted  npon>  bnt  are  converted  by^ 
double  decomposition  into  ethers  (vide  crotonylenc) ; 

CnHto-iBr  +  KOCjHj  =  C,H,^i.OCjH,  +  KBr. 

Properiiei. — ^All  the  hydrocarbons  of  the  series  possess  cha- 
racteristic unpleasant  odours. 

They  resemble  acetylene  in  combinint^  in  two  proportions 

with  the  halogens  to  form  cither  rfi-haloid  derivatives  of  the 
olefines,  or  /t/ra-haloid  derivatives  of  the  paraffins  : 

C«Hto-,+Br,=C,H»».,Br,  ;  C^Hto-t+aBr,=C.Hfc.tBr4; 

and  with  the  haloid  acids  forming  either  mo»t/-haloid  derivatives 
of  the  olefines,  or  cft-huloid -derivatives  of  the  parajfim  : 

C„Hto-,+HI=C„H^_,I  5  C„H^_,  +  aHI  =  C^H^I,. 

Several  of  the  homoloj^nics  of  aoetvlene  also  furnish  charac- 
teristic  precipitates  (metallic  derivatives)  when  added  to  solu- 
tions of  cuprous,  argentic,  gold,  mercury,  and  other  salts,  from 
which  the  original  hydrocarbon  is  reproduced  on  warming  with 
hydrochloric  acid.  In  no  case,  however,  has  the  displacement  of 
more  than  one  atom  of  hydrogen  by  the  metal  been  observed. 
The  formation  of  these  metallic  derivatives  appears  to  be 
restricted  to  the  hydrocarbons  of  the  form  HC^^C.G^aHga^.!,  de- 
rived from  acetylene  by  the  displacement  of  one  of  its  hydrogen 
atoms  by  a  radicle  of  tiie  C^H^^,^  series. 

(1251)  Constitution  of  the  Homologue*  of  Acetylene. — Although  com- 
paratively littl»  it  known  A  tbe  homologiid  of  acetyleae,  it  k  slretdy  powible 
to  indifltte  the  natora  of  tbe  variow  groups  of  hydroesrboin  iMinded  in  the 

acetylene  series,  and  it  seems  especially  desirable  that  this  should  be  done  in 
order  to  direct  attention  to  the  necessity  of  research  in  this  direction. 
Two  groups  of  hydrocarbons,  represented     Uie  formole : 

in  whicih  fsnpeetivaly  ont  and  both  atoms  of  hydrogen  ia  SMtybno  sis  ^BaplaMd 
by  ladiclflB  of  the  fimn  C||H|B^if  may  be  regarded  aa  £net  derlvaUtas  of 
aoeiylene.  Hydrocarbons  of  the  first  group  would  seem  always  to  be  prodlMied 
when  aldehydes  of  tbe  series  C'H„„  4^  j.rH,  C'OH  or  l-efunes  of  the  series 
CnHj,  ^.  j.CO.CHj  are  converted  into  dichlorinated  y'(f/y/j'/i';/.s  by  the  action  of 
phosphoric  chloride,  and  these  are  acted  upon  with  an  alcoholic  i»ulution  of 
potassic  hydrate; 

CoH,„  +  j.CH,.COH  +  pa,  «  C„H,„+.j.CH,.CHCl,  +  POa,; 
AUthjds.  DWhkfiMtedpanatt. 

C:H,„  +  ,.Cn,.CHCl,  +  sKOH  =  C„H,„  +  ,.C=CH  +  2KCI  +  aOH^ 

Diflhlotiiuted  paraffin.  Bjdrocartioa  sf 

SMljkMSHhS. 
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CJBl«^j.OO.CH,  +  PCa,  «  O.H^^,.OCVCH,  +  POCI,j 
XMrnt*  OicUotlutodiNmflB. 

C;H^4.,.(X9,.CH,  -I-  3EHO  B  CaH,.^.,.C=CH  +  aKCl  +  aOH^ 


The  TCawiniiic  groups  of  the  teriM  an  consfaroetod  on  a  toniowhst  ^Kflbrait 
Ifpa.  The  fink  homokgoe  of  acetylene,  C,H^,  exists  in  two  modifications ;  one 
of  these,  known  a8  allylme,  is  the  first  term  of  the  series  HCmCCyH  ,,,  4.,, 
being  mcthifl acetylene,  HC=C.CHj;  the  isomeric  compound,  however,  which 
Henry  has  proposed  to  term  allene  {Deut.  chem.  Ges.  Ber.,  vii.  403),  is  repre- 
■mted  bj  tiie  formnh  H^CzX^^CH,,  and  fiom  it  five  groupn  of  hydrooarbona 
may  be  derived  by  the  ^plaoement  of  one,  t«ro,  thiee^  aod  fimr  atoma  of 
hjdrqgenl^zadieleeoftbeCBHgB+iMnM}  thua: 

V  II  H  II  II 

c  c  c  c  c 

II  II  I!  If  II 

m.  rr.  yi.  tii. 


It  win  be  noUofd  tint  in  aoelyltne  and  the  hydrooarbona  deriTed  from  it 
(gnmpa  L  and  II.),  only  two  of  the  carbon  atoma  have  disposable  affinities ;  thna, 
for  estample,  when  these  hydrocarbons  combine  with  dilorine  or  bromine*  the 

halogen  can  only  attach  itself  to  two  carbon  atoms,  as  in  the  formation  of  the 
tetrabromopropane,  CHBrj.CHrj.CHj.  from  allylene,  HC~Crn.;  in  tb*' case 
of  allene,  however,  and  of  the  hydrocarbons  derived  from  it  (groups  III.  to 
YII.),  tkrm  of  the  carbon  atoma  have  disposable  affinities.  Hydiooszbona  of 
the  acetylene  series,  however,  may  slso  be  formed  from  some  of  the  monohal<nd 
derivatives  of  the  olefines  by  the  union  of  the  two  monad  hydrocarbon  residues 
left  on  the  ranoval  of  the  halogen  from  two  moleeulea  of  the  haloid  derivative ; 
thus: 

aC,Hfc_,Br  -  Br,  =  (C.H»-|),  or  0^^.^ 

tCR^ZffKXSBif.  +  alTa  »  CH;=]CH.CHg.CH,.CR=CH,  +  sNal. 
jU^lleiodUs.  OtaUll. 

In  an  sneh  hydrocarbons,  >biir  of  the  carbon  atoma  have  disposable  affinities. 

This  division  wiU  doubtl^  be  found  to  include  a  large  number  of  groups  of 
strictly  honologons  hydroesrbons,  although  aa  yet  very  frw  of  them  have  been 

(1252)  ALLT1.B19B  or  Propene  :  C3H4  or  HC=C.CH3=4o. — 
This  hydrocarbon  may  be  prepared  from  the  crude  chloropropyleue, 
CjHjCl,  or  bromopropylene,  CgH^Br,  obtained  from  propylenic 
chloride  or  bromide,  by  heating  it  witli  sodic  cthylate  in  scaled 
tubes  at  120°,  or  by  passing  the  vapour  through  a  boiling 
alcuholic  solution  of  potasaic  hydrate,  or  simply  by  boiling 
propylenic  bromide  with  an  alcoholic  solution  of  potassic  hydrate ; 
it  is  also  formed  on  the  electrolysis  of  potassic  citraconate,  or 
mesaconate,  C.5H^(C03K)2  (Aarland),  and  by  the  action  of  sodium 
(juk  the  tetradUoropropane  CUg-CCl^CUClg  (Mttig  a.  Pfeffer).  It 
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is  a  colourless  gas,  having  a  peculiar  alliaceous  odour,  and 
produces  in  an  ammoniacal  solution  of  argentic  nitrate  a  white 
crystalline  precipitate  of  argentalhjlene,  CjHgAg;  in  an  ammoniacal 
solution  of  cuprous  chloride  a  greenish-yellow  precipitate  of  a  cu- 
prous derivative  is  obtained.  Allylene  forms  with  bromine  the  two 
oomponnds  C^H^Bri  and  CjH^Br^  both  of  which  are  liquid ;  it 
unites  rapidly  with  a  cold  saturated  solution  of  hydrobromic  acid, 
being  converted  into  the  bromopropylene  CHg.CBrZi:CH, 
(Beboul). 

Allylene  is  readily  absorbed  by  concentrated  sulphuiic  acid ; 
on  addmg  cold  water  and  distilUng^  a  considerable  quantity  of 
aeefone  is  obtained^  and  the  solutian,  if  neutraliied  with  baric 
carbonate  and  concentrated^  fumishea  a  cvyBtaUine  baric  salt  of 
the  composition  {C^U^SO^fit^  (Fittig  a.  Schrohe^  Deui.  ehem. 
Qe$,  Ber,,  viii.  17  and  367).  The  formation  of  acetone  donbtkesa 
takes  place  in  the  following  manner : 

CH^.C^CH  +  aHgSO^  =  CHj.CCHSOJ^.CIIa; 

CH,.C(HSO^.CH,  +  OHa  =  CH3.CO.CH/+  iH^SO^. 

At  the  same  time^  a  portion  of  the  allylene  is  apparently  converted 
into  allylenesnlphonic  acid:  C,H4+H^04sC,H,.HSOs+OHy. 

According  to  Berthelot^  allylene  is  oddised  by  potassic  per- 
oAoganate  to  makmie  add,  CgH^O^,  and  by  chromic  acid  to 
prophmc  add,  C^H^Og;  by-products  tuch  as  formic,  aceticy 
carbonic  and  oxalic  adds  are  also  obtained ;  and  in  the  latter 
case  the  formation  dl  the  add  is,  it  is  said^  preceded  by  that  of 
aUylene  amde  Cfifi  (?  acetone),  whidi  bdla  at  60**— 6%^ 
(i40°-i43°-6  F.).- 

hodOylene  or  attene :  (?)  CH^ClzCH,.— When  a  saturated 
solution  of  potassic  itaconate,  C3H^(CO^K)2,  is  submitted  to 
electrolysis,  tliis  gas  is  evolved  at  the  positive  electrode,  together 
with  carbonic  anhydride.  It  is  readily  distinguished  from 
allylene,  since  it  does  not  produce  a  precipitate  in  an  ammoniacal 
solution  of  argentic  nitrate,  being  incapable  of  forming  metallic 
derivatives ;  it  is  absorbed  by  bromine,  and  converted  into  the 
compound  CgH^Bro,  which,  when  heated  with  bromine  to  100° 
(312°  F.)  furnishes  a  cryataUme  tetrabromopropane^  C^H^Br^ 
(Aarland,  Joum  pr,  Chem.  [a],  vi.  256). 

(1253)  Cbotontlene:  C^H,  =  54. — Caventou  obtained  a  hydrocarbon  of  this 
composition,  boiling  at  about  i8°  (64'^"4  F.),  by  heating  bromobutylene,  C^H.Br, 
with  Bodic  ethyiate  to  loo""  (212''  F.).  The  butyleoe  bromide,  Irom  which  the 
braoMlHiliyleiie  wis  prepared,  was  sepanted  \ij  fimotioosl  dittiUation  firtm  ttw  aia- 
tnre  of  bromidw  prodaoed  by  pairing  into  bromine  the  gaaet  reeulting  ftom  Um 
deoompoaitaon  of  fermentation  amjlic  alcohol  vapour  at  a  red  heat.  Butlerow  has 
lines  abowa  that  tba  ao-callad  iaobutyLeoe,  H,g=CCCUJ|^  ia  oontainad  m  tfaass 
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^8868,  bat  he  finds  thi^  pure  bromobutylene  prepared  from  pure  iaobutylene 
bromide  doe«  not  yield  Caveatou's  hydrocarbon  when  heated  with  sodie  ethyhttfl^ 
the  action  which  takeit  place  being  represented  by  the  equation : 

C^H^Br  +  NaOC.H,  =  C^H^.OC.H,  +  NaBr; 

it  therefore  follows  that  the  crotonylene  in  question  was  derived  ftOBk  MHBe  other 
butylene  th<an  ir^obutylene.    {ZeiU.  Chcm.  [2],  vi.  523.) 

Crotonylene  is  lormed  when  a  mixture  of  acetylene  and  ethylene  is  passed 
thioiVh  a  tobe  heated  to  doU  radnees;  C,H,  +  C,H,  =  C,H,  (Prunier,  2M. 

Qm,  Ber^  tL  825) ;  H  fiirniehea,  with  bromine,  a  crystalUne  Utrabromo* 
t^rane,  C^H^Br^,  melting  at  1 13^—1 1 5°  (235'''4— 239**  F.).  A  body  apparently 
identical,  and  boiling  at  20*' — 25*  (66° — 77°  F.)  may  be  separated  by  fractional 
distillation  from  the  hydrocarbons  condensed  by  compression  from  coal-gas 
(Caventou,  ibid.  70).  By  distilling  erythrite  with  live  times  its  weight  of 
ttMwentntad  fonnio  acid,  Henninger  {ibid.)  has  obtaioed  %  orofcooyleoe  whieh 
fiinuehe&  a  tetrabromptetgaiie  ctyitoiliiring  in  white  needlee  or  gUatening  ihombio 
plates,  and  melting  at  116°  (240°'8  F.). 

It  is  not  stated  that  the  crotonylene  prepared  by  either  of  these  methods  pro- 
duces a  precipitate  in  solutions  of  silver  or  cuprous  suit,  but  a  crotonylene  which  has 
this  property  is  obtained  by  the  action  of  potassic  hydrate  on  the  dichlorotetrane 
fcrmed  on  diatilling  methyl  ethyl  ketone,  CH,.CO.C  with  pho«phorie  efaloride 
(BraybuDta,  ibid,  viu.  413).  It  boila  at  about  iS^  (64*'-4  F.),  and  fomiahM  a 
eirystalline  tetrabromotetrane. 

It  ia  highly  probable  that  the  crotonylene  from  methyl  ethyl  ketone  is  eihyU 
acetylene,  iiC=C.C^H, ;  and  if  the  hydrocarbon  from  the  other  sources  above- 
mentaooed  is  an  uomerio  compoao^  it  is  doubtless  diwMjflaeeiylenet 
CH^C^CCH,.  The  formation  of  a  erotonylene  of  the  latter  Und  ftom 
aiTthrite  and  formic  acid  is  readily  explained,  the  first  action  oondstillg  in  tbft 
piodnetion  of  aybrvN*  or  etberoal  salt  of  £urmi^ 

CH^OH  CHyOHOO 

CH.OH  CILOH 

I  +    2H.COOH  =     I  +  20H,j 

CH.OH  Formic  acid.  CH.OH 

I  I 


wbidi  snbsequMitijr,  oa  distHlatifln,  is  bmkm  np  into  flroConylon^  onbonio  aabjw 
diidfl^  and  wattr: 

CH-OHCO  CH5 

I  I 
CU.OH  C 

I  m     \\\        4-    300,     -I-  aOH^ 


CH.OH  C 
CH,.OHOO 


(1354)  Pbopylacetylknf.  Tpopropylackttlbnk.  Valektlenb.  Tso- 
PBBVE  :  CjH,  —  68. — J^rupi/laci  ( i^h  u€  is  produced  from  methyl  propyl  ketone, 
CH^CO.C,!!,,  by  the  method  already  described,  and  itopropylacetj/lene  ia 
amiMy  prepared  fliom  the  fakrie  aldriiyde,  <CHJ,HC.CH..00H,  ftrmod  on 
4»idiiiQg  finnentatiou  amylio  alcohol.  Propylacetylene  boib  at  48"— 49* 
Xi  i^'4— z  ao***3  F.).  Ih^  ait  mobiit  ootoorisas  ii^pidst  poMMMng  a  pamdiir 
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alliaceous  odour,  and  produce  white  precipitates  of  the  composition  C^HjAg,  ia 
an  aniinoniacal  sohition  of  argentic  nitrate,  and  yellow  precipitates  in  a  cuprous 
solution.  They  conibine  with  bromine,  forming  liquid  compounds  of  the  eoni- 
poaitioB  C,H,Br,  and  C.U,Br^.  The  dibromamylene  thus  derived  from  jMropjl* 
aoeijlene  boils  at  190  (374**  F.),  tnd  that  from  iiiopropyliiceiyleM  at  175* 
(347°  F.),  but  the  latter  is  at  th  e  sanu'  time  partially  decomposed  ;  the  tetrabro- 
Biopentanps  boil  at  275**  (527°  F,),  (Hvuylanta.  Deui.  chem.  Gen.  Ber.,y\\\.  406). 

J  alitylene,  which  waa  discovered  by  lU^boul,  is  obtained  byheatin}::  amylene 
bromide,  C,Hj,Br,,  to  140°  (284°  F.),  with  a  concentrated  alcoholic  i*oiutii»u  of 
potaaaio  hjrdiate;  It  ia  a  mobile  hqjaii  of  alliiaeoaa  odmir,  whidi  boOa  at  44^ 
(1 1 1*^*3  F.) ;  it  doea  not  predpitate  an  ammoniacal  enprooa  aoliktioB ;  it  vnitea 
with  bromine,  forming  the  compounds  C.H,Brj  and  C,H,Br^,  of  which  tbo 
former  boils  at  168° — 172°  (334^*4 — 341  6  F.).  Inasmuch  as  tho  nature  of 
Bebours  amylene  bromide  is  not  known,  the  composition  of  valerylene  in 
onoertain,  but  it  is  not  inaprobably  a  dimeth  i/lalUnc,  li,CzzC~C(CHjj. 

Inprene  ia  a  bjdxocarbon  obtained  together  with  other  prodoots  by  the 
dry  distillation  of  oaontohono  and  gatt»-peidia ;  it  boils  at  37*^38°  (98^-6 — 
ioo°'4  F.).  It  absorba  oatygen  on  expoaore  to  the  air,  and  becomes  thickened. 
In  this  condition  it  has  powerful  bleaching  properties,  and  when  it  is  distilled  a 
violent  reaction  takes  place,  and  the  residue  suddenly  solidihes  to  a  white 
amorphous  mass  of  the  composition  CjJIj/)  (Greville  Williams). 

(1255)  HszoTiBSB,  DiALLTL:  C,!!,^  ^  82. — The  first  of  tbeie  bydioenr- 
bona  is  produced  by  heating  bromohexylene,  C^H^^Br  (from  dibromehexane 
from  American  petroleum  oil)  to  140" — 160°  (284° — 320°  F.),  with  an 
alcoholic  solution  of  potassic  hydrate.  The  heioylone  boils  at  80° — 85* 
(176°— 185°  F.),  (Caventou) ;  at  76°— 80'  (168'— 176°  F.),  (Reboul  a.  Truchot). 
It  fimna  liquid  subBtances  with  bromine  of  the  oompoaition  C,H  Br,,  and 
C^H^^Br^.  Sehorlemmer  haa  abown  that  crude  benaene  eontaina  a  bydrocarbUn 
of  the  composition  0,11,^  {Ann,  Chem.  Pharm.,  cxxzix.  251). 

DiaZ/yl  :  ("11^— CH.CH^.C]L.CHzzCH,.  —  Diallyl  ia  produced  in  a 
variety  ol'  ways  iVotTi  the  allyl  compounds,  as,  for  example,  by  the  action  of 
sodium  on  a-iodopropylene  or  allylic  iodide,  C,IijI,  and  on  a-trichloro-  and 
OFtribramopropane,  hot  it  ia  beat  prepared  by  adding  merooralljlie  iodide  to  « 
aolution  of  potaaeie  eynide;  an  nation  at  onoe  takea  plaoe  in  tbe  oold,  and  on 
auhaequently  distilling,  the  diallyl  passea  Ofer  with  the  aqneooa  Ti^onr  (Oppen- 
haim,  Deut*  cAem,  Oat.  £er„  iv.  672) : 

aCflflgl  -f  9KGN  B  Cfi^  +  Hg(GN).  4-  Hg  +  %KL 

Ik  mm  mobile  eobialeaa  liquid,  having  an  ethereal  pungent  odour  like  that  of 
the  xadiab;  H  boila  at  59°  (i38''-2  F.),  and  at  17*"  {62H  F.)  bM  the  ap.  gr. 

0-685. 

Tho  behaviour  of  diallyl  with  various  substances  has  been  very  carefully 
examined.  Thus,  when  combined  with  bromine,  it  furnisiies  a  crystalline 
tetrabromohexane,  C^U^^Br^  which  melts  at  37°  (98^*6  F.),  and  wlien  gently 
warmed  with  iodine  e  oonreaponding  crystaUiiie  tetriodohexane,  C,Uj,I^.  On 
•(Uing  nitrie  peroadde  to  an  ethereal  aolntion  of  diallyl,  eryatab  of  the  compooad 
C.HjJnO,)^  separate.  When  diallyl  is  heated  to  100°  (212'  F.)  with  a 
saturated  solution  of  hydrochloric  acid,  the  compounds  Cji^^Cl  and  C'Jl^^Cl, 
are  produced,  and  corresponding  iodo-derivatives  arc  formed  on  heating  it  with 
hydriodic  acid.  On  mixing  diallyl  and  concentrated  sulphuric  acid,  a  violent 
feeetion  tahea  plaoe,  but  if  tkia  be  moderated  by  adding  the  aoid  gradually  and 
with  constant  agitation  to  a  eolation  of  diallyl  in  an  equal  volume  of  the  pare 
paraffin  hydrocarbons  boiling  at  55° — 60**  (i  2 1° — 140^  F.)  until  no  further  action 
ia  observed,  and  the  lower  aoid  layer  be  then  separated  and  mixed  with  wate* 
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an  oil  separates  which  is  a  mixture  of  the  compomid  C^H^^O  with  a  number  of 
hydrocarbons  polymeric  with  diaUjI  of  the  conpoutioo  {Ofi^  (Jel^U* 
CAem.  Neics,  xxii.  221). 

(1256)  AmYLACETYLENE.    TSTSAXITHTLJJ.LBNB:  C^H^  =  96.  —  Amjfl- 

ceet^lene  or  rnnajUkyUdene :  UC=C(C^U,)«  it  obteinod  \^  tho  actioii  of  potaado 
bydnte  oa  the  diahlotoheptane,  C,tf,^Gl,,  tad  dibtomobeptuke,  C^H^^Br,, 

formed  from  heptylic  aldehyde  (Rubien,  Ann.  Chem.  JPharm.f  cxlii.  294 ; 
Bruylaats,  Deut.  chem.  Ges.  Ber.,  viii.  409).  It  is  a  colourless  liquid,  of 
alliaceous  odour,  which,  according  to  Rubien,  boils  at  106^ — loS"  (2  2  2°'8 — 
226''  4  F.),  but  according  to  Bruylants,  at  ioo°  (212°  ¥.)  It  produc<js  a  white 
precipitate,  C^Ilj^Ag,  in  aa  ammouiecil  icdiitiiNi  of  argentao  mtnte,  and  a 
jdlow  pnoipitete  in  m  emmoiuaMloapKoae  aohiUoii  1  with  bromine  it  flirniehM 
tiie  oomponnds  C^Hj^Br,  and  C^Hj.Br^. 

Tetramcthiflallene  :  (CH J ,CziClzC(ClI^)j.— This  hydrocarbon  is  formed 
by  treating  the  dichloroheptane  from  diisobutyl  ketone,  (Cll,^)  .HC'.CH  >.( 'Il(ClIj)j, 
with  an  alcoholic  uoiutiuu  oi'  potacwic  hydrate  (Henry,  Dtut.  chem.  Gt^.  Ber., 
viiL  400).  It  ie  ft  liquid  of  nnpleeeent  odour,  whieh  boile  at  about  70** 
(158*  F.) ;  it  doee  not  furnieh  met^lie  deriTttivea. 

(1257)  Capkylidexb.  Tbtbahtdbombta-xyleke  :  C,H,^  =  100. — Rubien 
obtained  caprylidene  by  the  action,  of  potasnic  hydrate  on  the  dibromoctane, 
CjH^jIirj,  formed  from  octylene  or  caprylene  (?  from  cabtor-oil  octylic  alcohol) 
and  bromine.  It  is  a  colourless  liquid,  of  faint  alliaceous  odour,  which  boils  at 
134**  (272''' 7  F.)f  and  eombinea  with  bromine  to  form  the  two  compounds 
C^,,Br^  and  C,H,,Br,. 

Tetrahifdrometajcylene. — When  camphoric  acid,  Cj^Hj^O^,  is  decomposed  by 
heating  with  hydriodic  or  hydrochloric  acid,  a  mixture  of  two  hydrocarbons  of 
the  compositions  C^Uj^  which  boils  at  119^  (246'^'2  F.)  is  obtained,  about  half  of 
ik  hich  oonsista  of  tefecabydrometa^kne— a  hjdrooarbon  whieh  may  be  produced 
brf  heating  metaxylene,  C^^^  with  hydriodio  and  and  phoqphoraa.  By  the  action 
of  eoBcentrated  nitric  aoid«  tetrahydrometM^lene  is  oooTerted  into  trinitro* 
meUxylene,  C,1I,(N0,)3. 

A  third  isomeric  h\ drotMrhon,  boiling  at  105°  (221°  F.),  is  obtained  by 
distilling  the  copper  salt  of  camphoric  acid  (Wredou,  Dent.  diem.  Get.  Ber.,  v. , 
608,  764,  1106;  Ti.  1381). 

(1 258)  DmvTLBHB.  Mbhtbutb.  RuTTLBra :  C,«Hj,  B 1 38.— By  sooeee- 
sively  coavertiog  petroleom  decane,  C,^H„.  into  chlorodecane,  decyl^e,  and 
dibromodecane,  and  suhmittini;  the  last  of  these  compounds  to  the  action  of 
potassic  hydrate,  Reboul  aiui  Truchot  obtained  a  hydrocarbon  of  the  composition 
Cj^Hj,,  boiling  at  about  165  ^29"  F.),  to  which  they  gave  the  name  deceny- 
lene.  With  bromine  it  fomishes  the  two  compounds  C,,H^,Br,,  and  C.^H^^Br^. 

Suiylene  n  formed  by  hc.iling  the  dibromodecane  from  diamyleue  (diamylnie 
bromide)  with  an  alcoholic  solution  of  sodic  hydrate  (Bauer,  Ann.  Chem.  Phurm., 
cxxxv.  344).  It  boils  at  about  150°  (302°  P.).  When  treated  with  bromine 
at  a  low  temperature  it  is  converted  into  the  dibromide  Cj„H,gBr,,  whicli  is  an 
extremely  unstable  substance,  decomposing  even  at  the  ordinary  atmospheric 
temperatiiTe. 

MnUhene  is  •  hydnwarbra  produced  by  the  action  of  phoqphorie  anhydride 

on  menthol  or  peppermint-camphor,  CjJI,j,.OH,  It  is  a  transparent  mobile 
liquid,  which  boils  at  163°  {325''4  F.),  and  has  an  agreeable  odour  and 
cooling  taste.  It  combines  with  bromine  in  two  proportions,  forming  the  com- 
poanda  C^^H^Br,  and  Cj,H^,Br^;  the  former  of  these*  when  treated  with 
potaseie  hydrate,  fomiahes  a  hydrocarbon  of  the  eompoaition  C,^H„  (Oppenheim), 
wbilat  the  latter  is  resolTed  by  distillatioa  into  oymene,  Cjfi^  and  hydro* 
bcomie  acid  (Wright). 
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(1259)  Ehdicbktlbnb  :  C„H^=i52. — Nonylaeefylene,  TlC^^{Cfl^^*, 
the  only  known  modification  of  thin  hydrocarbon,  in  formed  by  heatinj*  the 
dichlorendecane  from  methyl  nonyl  ketone,  CH,.CO.C,H,j,  with  potassic  hydrat* 
(Bruylants,  Deut.  ckem,  Qet.  JBer.,  viii.  412).  It  boil«  at  210* — 215* 
(410^—419°  F.)t  and  prodoow  a  white  predpitata 

ft  iiUver  salt,  and  a  brownish  yellow  precipitate  with  a  cuproas  salt. 

(1260)  Benylkne:  ('jjHjg=2o8. — By  the  action  of  bromine  at  —17* 
(i***4  F.)  on  triamylone,  C^^H^,  a  triamylenic  bromide,  C^H^^Brj,  is  obtained, 
which  is  converted  by  heating  with  argentic  acetate  into  triamylenio  acetate, 
Cj^II^(C,H,0,)  ;  when  this  oomponnd  it  decompoeed  with  potieeie  hjdrate^  it 
yields  the  hydnwsrbiBi  hinjlene»  potasne  aoetate,  and  water  (Baner,  Amm,  Cham* 
Pilorm.,  cxxxvii.  249).  It  is  a  viscid  colourless  liquid,  having  bat  a  faint  odrar, 
and  boils  at  230" — 240'  (446* — 464°  F.)  ;  it  combines  readily  with  bromine. 

(1261)  Oetknylkne  or  Cktine  :  C,,H,,  =  222,  may  be  produced  by  splitting 
off  two  molecule*  of  hydrobromic  acid  from  oetylene  bromide,  C^H^Br^ 
(Chydenios,  Ann.  Ciem,  PAarm^  ezliii.  267).  It  is  a  ookmrleas  liquid,  lifter 
than  water,  and  boils  witiumt  deoomposition  at  380"— aSs"*  (536''— 545**  F.). 

§  IV.  HtDBOCAEBONS  of  THB  CnH,B-4  SlBIKflU — ^TbBPIMBS. 

(1262)  Our  knowleHp^e  of  this  series  chiefly  extends  to  tlic 
hydrocarbons  of  the  composition  C^jjII^^.  Only  two  containing 
fewer  atoms  of  carbon  liave  been  described,  viz. :  Valyln}e,  C-Hg, 
and  Carpene,  Cgll^^  although  Pinner  formerly  stated  [Drut.  chem. 
Ges.  Ber.f  viii.  898,  J  282)  that  a  gaseous  liydroearbon  of  the  com- 
position C3II2,  which  he  called /^ropar^y/ewe,  might  be  obtained  by 
actiug  on  the  dichlorallyiene,  C,U,C1,,  firom  croton-chloral  (see 
crotonio  aldehyde)  irith  sodium,  and  treating  the  product  with 
water ;  it  would  seem  that  a  hydrocarbon  of  this  composition 
docs  not  really  exist. 

The  liydrocarbous  C,qH,^  which  may  be  conveniently  dcsig- 
nated  by  the  name  of  ierpenei,  constitute  a  large  proportion  of 
the  greater  number  of  the  esioUial  or  volatile  as  the  odori- 
ferous oils*  obtained  from  plants  are  usually  called.  The  terpenes 
from  natural  sources  all  exhibit  to  a  greater  or  lesser  extent  the 


*  Tht  oils  furnished  by  Tarions  plants  may  with  few  eseeptions  be  divided 
into  three  classes:  L  tho»e  which  furnish  glycerin  and  ac!d«  of  the  ac<  ;ic  or 

oleic  seriea  when  decompnscii  by  ticutment  with  alkalies;  II.  tliosi-  which  yit-ld 
an  alcohol  of  the  ethylic  i*eric8  and  au  acid  ot"  the  acetic  s-i-rics  when  similarly- 
treated  ;  and  III.  thos«  which  are  not  aiTected  by  treatment  with  alkalies,  and 
which  contain  as  a  mors  or  Imis  essential  constitaent  a  hydrocarbon  of  the  com- 
positim  C,^,H,^  or  0,^1^^.  The  first  cla.s8  includes  soch  well-known  substance^ 
as  nlive  and  puhn  oils,  and  the  oil»  of  this  clasn  are  usually  termed  fixed  pih, 
because  they  cannot  be  distilled  unclmnged  ;  they  are  inllainniable,  nearly  or 
quite  odourless,  and  scarcely  8olul)le  in  water,  although  reailily  disnolved  by 
alcohol  and  ether ;  they  produce  a  permanent  greasy  stun  whm  applied  to  paper, 
and  when  nibbed  npon  the  skin  give  rise  to  an  onctnoos  feeling.  The  cib  of 
the  second  class  are  of  comparatively  rare  occurrence,  and  have  a«  yet  only  been 
obtained  fiom  ositain  nmbelliieioas  plants :  thos  the  oils  extracted  Irmn  the 
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power  of  causing  tlie  deviation  of  circularly  polarized  light 
either  to  the  right  or  to  the  left.  Up  to  the  present  time  a 
▼oy  laige  number  of  varieties  have  been  distinguished,  chiefly 
hj  reason  of  their  behaviour  with  polarised  light,  the  terpene 
from  one  plant  being  seldom  considered  as  identical  with 
that  derbed  firom  another.  As  few  of  these  have  been  well  exa- 
mined, however,  and  there  is  little  doubt  that  many  of  the 
terpenes  which  haTe  been  described  have  been  far  from  pure,  it 
is  not  improbable  that  the  number  of  isomerides  of  the  com- 
position CiqH|0  has  been  mnch  exaggerated,  and  therefore  that 
when  the  terpenes  from  various  sources  are  carefully  studied  and 
compared,  some,  or  even  many,  now  regarded  as  isomeric,  will  be 
found  to  be  identicaL 

(1263)  Valtlens:  Cy  ig:=66. — Reboul  obtained  this  hydro- 
carbon by  the  action  of  an  alcoholic  solution  of  potassic  hydrate 

foiiti  of  BermtUmm  gigamteum,  -HI  tpondylhm,  and  Peuiuuiea  9aii»a  are 
nuxtoTM  of  etbereol  salbi,  whidi  yield  bexylic  and  octylio  alcohols,  and  aoetio 

and  butyric  acidit  on  treatment  with  alkalieii ;  these  oils  have  a  more  or  hM 
fruity  odour.  The  oils  of  the  third  clasti,  of  which  common  tnrpentine-oil  may- 
be quoted  as  an  example,  hke  the  fixed  oils,  are  inflammable,  and  sparingly 
aoloble  in  water,  although  readily  soluble  in  alcohol  and  ether;  but  tiie 
gVBBiy  mark  they  prodnoe  upon  paper  is  only  trannent,  and  thej  foel  hamh 
iutoad  of  nnetaoaa  when  robbed  upon  the  skin.  Since  they  can  be  distilled 
nnchanged,  or  nearly  so,  and  as  they  constitute  the  di-tinctive  compound  of  the 
plants  which  yield  them,  they  are  termed  volatile  or  tsseniial  oils.  Although 
the  boiling-point  of  these  oils  lies  cousiderably  above  loo*^  (212'^  F.),  they  emit 
at  ocdinarj  temperatmea  minute  quantities  of  an  intensely  odorous  Tiqwor. 
Besides  the  hjdroearbons  of  the  oompoeition  CipHj,  or  C^^H,^,  which  are  in 
many  eases,  althoogh  by  no  means  always,  the  main  oonstitnents  of  these  oils, 
there  is  invariably  present  one  or  more  oxvirenated  compounds ;  these  latter 
belout;  to  tlie  most  varied  classes  of  bodies,  although  u  roinparativt'ly  siinjde 
genetic  relatiuu  between  them  and  the  associated  hydrocarbons  may  be  traced  in 
many  instanoes.  Many  of  the  oxygenated  eompoands  are  solids,  being  held  in 
aohitioa  in  the  oil,  from  which  they  fireqoaitly  separate  in  the  eiystalKne  state 
on  cooling.  These  solid  constituents  of  the  caeential  oils  were  formerly  spoken 
of  collectively  as  stmroptenes,  the  fluid  portion  of  the  oil  being  termed  in 
oontradistinctiou  the  elceoptene. 

A  few  oils  which  are  not  included  in  the  above  classes  have  been  obtained 
from  plants.  Tiras  the  Intter  almond  eontaimi  a  snbstanoe  known  as  amygdalin, 
wfaieh,  under  the  influence  of  a  ferment  present  in  the  seed,  ie  resolved  into 
Sngar,  hydrocyanic  acid,  and  hitter  almond  oil  or  benzoic  aldehyde,  C,H^O ; 
muittard  seed  similarly  contains  a  Rubstance  known  as  inyrosin,  which,  when 
acted  upon  by  a  ferment  present  in  the  seed,  furnishes  mustard  oil  or  allelic 
intkioeyanaUt  C^H^.NCS.  The  oils  from  JSropMlum  majus  and  the  common 
gaideD-eress  {Le^wm  sa<Hwm),aeoorduig  to  Hofmann,oonsist  6i  phmtiflaeBio* 
nitrile,  C,H,.CH,CN,  whilst  the  oil  from  the  water-cress  {Ntuturtium  officinale) 
is  phenyl propionitrile,  C^IIj.C.JI^.CX.  The  game  chemist  has  shown  that  the 
oil  of  the  spoon -wort  {Oochlearia  (ifficinalit)  is  a  secondarj/  butylic  isotlUo' 
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on  the  compound  C^IIgBr,,  formed  from  valerylene.  It  ii  a 
mobile  liquid  of  an  aUiaceons  odonr^  which  boils  at  about  50^ 
(laa^F.);  it  produces  a  yellow  precipitate  of  a  cuprous  doi- 
Tfttiye  when  added  to  an  ammoniacal  solution  of  cuprous  chloride^ 
from  which  the  hydrocarbon  is  regenerated  on  warming  with 
dilute  hydrochloric  add.  When  bromine  is  added  drop  by  drop  to 
carefully  cooled  valylene,  a  ciystalline  mass  is  obtained^  saturated 
with  an  oil;  the  crystals  consist  of  CJI^Brg,  whilst  the  oil 
contains  the  compound  C^RgBr^  and  perhaps  also  CgHgBr^. 

(1264)  Carpene  :  CyH,^=i22. — This  hydrocarbon  is  pro- 
ducctl,  together  with  other  bodies,  when  the  calcium  salt  of  podo- 
carpic  acid  is  destructively  distilled  (Oudemans,  Ann.  Chnn. 
Phann.,  clxx.  252).  It  is  a  mobile  liquid  having  an  odour  which 
recalls  both  that  of  turpentine  and  that  of  storax.  It  boils  at 
about  155°  (3ii°F.).  By  the  action  of  bromine  it  is  converted 
into  the  substitution  derivatives  Cyllj^Hr.  and  C^Hj^Br.,.  It 
rapidly  absorbs  oxygen  irom  the  air,  being  converted  into  a 
resinous  anionphous  substance,  which  approximately  has  the  com- 
position Cj^llgyOg;  in  this  respect,  more  especiaUy,  carpene 
exhibits  a  very  close  resemblance  to  the  terpenes. 

(1265)  Artificial  Terpenes:  CjQUjg=i36.  —  A  hydro- 
carbon of  the  composition  CjqHjj  has  been  synthetically 
produced  by  the  action  of  an  alcoholic  solution  of  potassie 
hydrate  on  the  compound  CjpHjgBrj  from  rutylcue  (Bauer  a. 
Verson,  Am^  Chem.  Pharm,,  cli.  52).  The  body  thus  obtained 
exhibits  most  of  the  properties  which  characterize  tlie  natural 
terpenes^  although  optically  inactive.  It  is  colourless,  and  has 
a  strong  odourj  resembling  that  of  turpent^'ne,  aud  when  ignited 
it  bums  with  a  luminous  smoky  flame ;  it  boils  at  156^ — 160^ 
(512^*8 — 520**  F.).  IVhen  bromine  is  added  to  the  well-cooled 
hydrocarbon^  combination  at  first  takes  place  without  cTolution 
of  hydrobromic  acdd>  but  after  the  addition  of  the  first  few  drops 
of  Inomine  the  action  becomes  yiolent,  and  much  hydrobromie 
acid  is  given  ofL  Nitric  add  exerts  a  powerful  oxidiiting  action. 
It  readily  absorbs  oxygen  from  the  atmosphere^  and  on  thia 
account  mainly  its  preparation  in  a  state  of  purity  is  extremely 
difficult.  Bauer  and  Yerson  state  that  by  saturating  the  hydro- 
carbon with  hydrochloric  acid  gas  and  then  distilling,  an  almost 
colourless  liquid,  boiling  at  about  180**  (356®  F.)  was  obtained, 
which  approximately  had  the  composition  corresponding  with  the 
formula  (Cj^Hj^loHCl ;  but  the  portion  passing  over  between 
180° — 200°  (356° — 39^*^  I"  -)  decomposed  with  evolution  of  hydro- 
chloric acid  aud  blackening.    Tcrcbeue  from  tur])cntmc  oil  was 
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at  that  time  (i^^g)  supposed  to  form  a  similar  compound  with 
hydrochloric  acid,  and  Bauer  and  Verscai  were  therefore  led  to 
regard  their  hydrocarbon  as  perhaps  identical  with  terebene ;  it 
has  since  been  shown,  however  by  Riban  that  "  terebene  hydro- 
chloride"  has  the  composition  C,^n,„Cl,  and  there  can  be  little 
doubt  that  the  substance  they  obtained  was  impure.  Terpenes 
have  also  been  prepared  artificially  by  polymerizing  isoprene, 
CjHg,  and  by  splitting  off  the  elements  of  water  from  the  oxy- 
genated compounds  of  the  composition  C,QHjgO,  contained  in 
Tarious  essential  oils  ;  these  wiil  be  described  later  on. 

(1266)  Natural  Terpenes. — Hydrocarbons  of  the  compon* 
tion  CjqHjj  have  been  obtained  from  plants  of  the  meet  various 
kinds,  but  those  which  are  of  the  most  importance  as  articles  of 
commerce  are  derived  from  the  Conifene*  The  oleo-resinous  juices 
which  exude  from  the  trees  of  this  order  are  commonly  known  as 
turpenime$,  and  are  solutions  of  resins''  in  hydrocarbons  of  the 
composition  C^M^;  by  distilling  the  turpentines,  either  alone  or 
with  water,  thine  hydrocarbons  or  twrpeiUine'Cili  are  separated. 
There  are  many  Tarieties  of  turpentine-oil ;  but  the  two  most 
important  commercially,  are  Firench  turpentme-oU  deriyed  from  the 
French  or  Bordeaux  turpentine  of  Pinm  maritima,  and  the  so- 
called  Bngj&A  turpenHne-oU  from  the  turpentine  collected  in  the 
United  States  of  America  from  Pinu$  JmiraH*  and  F,  Ueda, 

The  following  account  of  the  extraction  of  turpentine  is  given 
by  Hanbury  and  Fluckiger  (Pharmacot/raphia^  p.  546) : 

In  the  United  States,  turpentine  in  obtiiined  to  the  largest  extent  from 
J*inus  Austrtil is,  of  which  tree  there  are  vast  forests  in  North  and  South 
Carorina,  Georgia,  and  Alabama.  But  it  is  iu  North  Carolina  that  the  extraotion 
i«  princq>alljr  curied  on. 

In  the  winter,  Im.,  firam  N«yv«nilMr  to  Maidi,  llif  nsgiost-  in  a  TmrpenHnM 
Orchard,  AA  the  Ji.strict  of  forest  to  be  worked  in  called,  are  OOOopied  in  making 
in  the  trunks  of  the  trees  cavities  which  are  technieully  known  as  hores.  For 
this  purpose  a  lon«^  narrow  axe  is  used,  and  notiie  !*kiil  is  required  to  wield  it 
properly.  The  boxeit  are  made  from  6  to  1 2  inches  above  the  ground,  aud  are 
shaped  like  a  dktraded  wau^eont  poeket,  tbe  bottom  being  abont  4  indiei  betow 
the  lower  lip,  and  8  or  lo  below  the  upper.  On  a  tree  <^  mediom  eize  a  box 
should  be  made  to  hold  a  quart.  The  less  the  axe  approachcM  the  centre  of  the 
tree  the  better,  as  vitality  is  the  less  endansrered.  From  i  to  4  boxes  are 
made  in  each  tree,  a  few  inches  of  bark  being  left  betwefen  them.  The  greater 
number  of  trees  from  which  turpentine  is  now  obtiuned  aps  from  12  to  18 
indien  in  diameter  and  have  three  boxes  ^h. 

Tbe  boseB  havin<;  been  made,  the  bark  and  a  Kktle  of  the  wood  immediately 
beneath  it  are  h<trk  ed ;  and  from  this  excoriation,  the  sap  begins  to  How  about 
the  middle  of  March,  gradually  tillin*;  the  box.  Each  tree  requires  to  Im'  freshly 
hacked  every  8  or  10  days,  a  very  slight  wound  above  the  last  being  all  that  is 
needed.  The  haeking  is  carried  on  year  after  year,  nntil  it  reaches  to  the  height 
of  12  or  15  ftet  ormon,ladden  being  nsed.  The  turpentine,  whioh  is  oalled 
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is  removed  from  the  boxes  by  a  ppoon  or  ladle  of  peculiar  form,  and  collected  into 
barrels.  The  lirht  year's  Wow  of  a  new  tree,  liavinj;  but  a  small  surface  to 
travcrKo  before  it  reaches  the  boi,  is  of  special  goodneiw  and  is  termed  Virgin 
dip.  Tbe  tmpentiiie  which  oonereUs  Qpoo  th«  tnink  m  oeeMianallj  Mrapad  off 
and  barrelled  by  itoeif,  and  ia  known  in  the.  market  aa  ttrapttt  or  by  En^bh 
drupfjists  as  Common  Frankincense  or  Gum  TJtus. 

Althouf^h  a  larj:^  amount  of  turpentine  is  shipped  to  the  northern  port>!  for 
distillatiou,  a  still  larger  is  distilled  in  the  neighbourliood  of  the  terpentioe 
orcharda.  Copper  stills  are  u>^d  capable  of  containing  5  to  20  bttMit  of 
torpentine.  The  turpentine  ia  diatilled  without  water,  the  vo'atile  oil  aa  it  iowi 
from  the  worm  being  received  in  the  barn  I  in  which  it  is  aflerwardi»  sent  to 
market.  When  all  the  oil  that  can  be  profitably  drawn  olf  has  l^oen  obtained,  ■ 
spigot  is  removed  from  an  opening  in  the  bottom  of  the  still  and  the  residual 
Jtiosin,  appearing  as  a  viscid  fluid  like  iuulatu<e8,  ia  allowed  to  flow  out.  Only 
the  firat  qnalitiea  of  roain,  aa  that  obtained  from  Virgin  dipi  are  generally 
oonaidend  worth  aaving*  the  leaa  pnre  aorta  being  «mply  allowed  to  ran  ta 
waste.  Wl  i  ti  it  ia  intended  to  save  tbe  rosin,  the  latter  is  drawn  off  into  a  rat 
of  water,  which  separates  the  chips  and  other  rubbish,  and  the  rosin  is  then 
placed  in  barrels  for  the  market.  A  Is'orth  Carolina  tiirjwntino  orchard  will 
remain  productive  under  ordinary  treatment  for  Ally  years. 

The  eolledaon  of  turpentine  in  the  departmenta  of  the  Landea  and  Gironde 
in  the  aouth-weat  of  France,  chiefly  in  the  neighbourhood  of  Bordeaux,  and  the 
tract  of  country  between  Bordeaux  and  Ihiyontie,  is  performed  in  a  more  rational 
manner  than  in  America,  inasmuch  as  the  plan  of  makinji,'  deep  cavities  in  the 
tree  for  the  purpose  of  receiving  the  rusin,  i»  avoided  by  llie  simple  expedient  of 
placing  a  suitable  Teiwel  beneath  the  lowest  ineiaion,  the  bark  and  a  very  anudl 
portion  of  the  underlying  wood  only  being  removed.  The  trees  are  firat  tapped  when 
thirty  to  forty  years  old. and  the  collection  takes  place  from  February  until  October. 
A  notch  is  first  made  at  the  f')ot  of  the  tree  about  3  inches  broad  and  i  inch 
li";rh,  and  above  this  a  fre-h  nouh  is  made  about  evcrv  8  days.  When  the  tree 
is  notched  in  this  way  to  the  height  of  about  S  or  9  feet,  the  opposite  side  ia 
similarly  treateifc  By  the  time  that  tbe  whole  of  the  bark  hae  thna  been  remoted, 
the  old  wonnda  are  healed  and  the  tree  may  be  again  tapped.  The  tnrpentiae 
which  concretea  iqwu  the  atem  ia  termed  in  France,  Galipot  or  Barrat. 

(i%6j)  Fbbvch  Turpbntine-oil.  TBasBBNTHENK. — ^Berihelot, 
Trbo  was  the  first  to  study  thoroughly  the  chemical  behaviour  of 
this  hydrocarbon,  applied  the  name  terebenthene  to  the  terpene 
which  is  the  chief  constituent  of  the  French  oil ;  his  esperiments 
have  recently  been  carefully  revised  and  much  eatended  by 
Kiban,  and  our  knowledge  of  terebenthene  is  now  far  greater  than 
of  any  of  its  numerous  isomeridcs. 

To  obtain  pure  terebenthene  the  commercial  oil  is  washed 
Willi  a  solution  of  an  alkaline  carbonate*  to  remove  the  small 
quantity  of  acid  snbstance.s  which  it  t(Mitaiiis,  and  after  being 
dried,  is  submitted  to  a  lonj:  scries  of  fractional  di.stillations.  The 
oil  commences  to  boil  at  about  *  50*^  i^^^'^  I*  -)  <^»i'  even  lower,  and 
the  boiliii}^- point  rises  to  160"^  (320''  F.),  but  the  j^reater  j)0rtion 
passes  over  at  about  i  5^^°  (3 1  2°'8  F.);  when  tlie  various  fractious  are 
examined  M  ith  the  polai iscope,  it  is  found  that  the  least  volatile 
puiuuus  cjdiibit  the  least  rotatory  power,  wluUt  the  ^aumum 
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rotatory  pow?r  is  possessed  by  tlie  portion  boiling  at  about  156 
{312°-8'f.)  (Ribau,  Ann.  Ch.  Phys.  [rj,  vi.  12). 

Terpbcnthene  is  a  colourless  mobile  liquid  of  peculiar  aro- 
matic odour.  The  corrected  boiling-point  of  pure  terebcntbene 
under  the  pressure  of  760  mm.  of  mercury  is  156°  (3i2°'8  F.)* 
It  exerts  a  laevorotatory  action  on  the  polarized  ray ;  the  specific 
rotatory  power  determined  with  the  aid  of  Cornu's  apparatus 
iUnmiued  with  the  yellow  monochromatic  sodium  flame  at  10° 
(50°  F.)  being  [a],  =  —  40°'30.*  Its  density  at  0°  (3^°  F.)  is 
•8767. 

(1268)  Compomda  of  Terebenthene  with  the  Haloid  Jcid$. — 
Terebeuthene  and>  in  fact,  all  the  terpenes  combine  readily  with 
a  single  molecule,  and  some  with  two  molecules,  of  hydrochloric, 
hydrobromic,  or  hydriodic  acid,  forming  bodies  which,  from  their 
composition,  may  be  regarded  respectively  as  monohaloid  deriva- 
tives  of  hydrocarbons  of  the  acetylene  series,  and  dihaloid  deriva- 
tives  of  hydrocarbons  of  the  ethylene  series. 

Terebenihene  hydrochlorides ,  C^qU^^CI. — ^When  a  slow  current 
of  hydrochloric  add  gas  is  passed  into  cooled  terebenthene,  a 
mixture  of  two  iM>meric  compounds  of  the  formula  C^qU^^CI  is 
produced,  one  of  which  is  solid  and  the  other  liquid ;  the  relatiye 
proportions  in  which  they  are  formed  is  dependent  upon  the  tem- 
perature, the  yield  of  tlie  solid  being  the  greater  tiie  lower  the 
temperature.  To  obtain  the  solid  terebenthene  hydrochloride  in  a 
pure  state,  the  semi-solid  product  is  submitted  to  pi)\>crful  pressure, 
and  the  solid  residue  tlien  erystallized  at  a  low  t('m[K  ratine  from 
alcohol  or  etlier.  The  substance  crystallized  onic  from  alcohol 
melts  at  118^  {244°'^  F.),  but  the  melting  poitit  may  be  raised  to 
123  — 12^°  (2  53°*4 — 257°  F.)  by  s(>v('ral  rccrystallizations  :  even 
this,  however,  owing  to  the  occurrence  of  slij^ht  decomposition,  is 
not  the  true  fusion -point,  which  can  only  be  determined  by  ope- 
rating in  an  atmosphere  of  hydrochloric  acid  ;t  it  is  then  found  to 


*  An  explanation  ot  tks  method  of  determining  tho  "  specific  rotatory 
power  **  of  optically  actiTe^  aabaUooea  will  be  foiuid  under  Sugar. 

f  The  following  \a  the  method  of  determining  the  melting  points  of  the  terpene 

hydrochloride?*  which  has  been  adopted  by  Riban.  The  substance,  freed  from  mois- 
ture or  alcohol  by  exposure  in  a  desiccator  over  calcic  chloriile  (sulphuric  acid  must 
not  be  employed  because  it  rapidly  absorbtt  thp  vapour  of  the  hydrochloride),  14 
iatroduMd  iato  the  bend  ti  a  U>tube  3  to  3  roiti.  in  diameter,  with  thin  walla, 
the  ends  of  which  are  then  drawn  out  into  cupilUtty  tubea;  the  one  end  is  con- 
aeoted  with  a  desiccating  apparatus  attached  to  an  apparatus  for  evolrini;  hydro- 
chloric acid  gas,  and  the  other  is  aUo  cotiuected  with  a  drying  tube  in  order  to 
prevent  the  ingress  of  moist  air.  The  bend  of  the  U-tube  is  then  immersed  in 
a  water-bath  heated  to  about  50°  (122^  P.).  and  the  hjdroclUoride  is  sablimcd 

q2 
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be  131**— 132«  (267®  8— 269**  6  F.)  (Ribau).  Solid  terebenthene 
hydrochloride  crystallizes  in  white  needles,  and  resembles  common 
camphor  both  in  appearance  and  odonr,  so  that  it  has  been  called 
"artificial  camphor'':  it  also  snblimes  easily  at  ordinary  tempe- 
ratures. It  is  insoluble  in  water.  It  is  optically  active^  the 
specific  rotatory  power  being  32**'2. 

The  liquid  isotneride  is  obtained  in  a  pure  state  with  extreme 
difticultv,  since  even  after  it  lias  been  several  times  cooled  in  a 
refrigerating  mixture,  and  separated  from  the  crystals  which  form, 
it  still  contains  a  notable  quantity  of  the  solid  isonieride  and  also 
a  small  quantity  of  the  compound  foruKMl  by  the  union  of  two 
molecules  of  hydrochloric  acid  with  terebenthene.  'I'he  only 
practicable  method  of  removing  these  appears  to  be  distillation 
under  diminished  pressure.  Liquid  terebenthene  hyni'oc-hloride 
has  a  more  powerful  Isevorotatory  action  on  polarized  light  than 
the  solid  isomeridc. 

The  solid  hydrochloride  is  not  decomposed  by  water  at  the 
wdinary  temperature,  and  is  only  slowly  acted  upon  eren  at  100® 
(212°  F.) ;  but  at  200*^  (392**  F.)  it  is  completely  decomposed  into 
hydrochloric  acid  and  terebene,  which  is  an  optically  inactive 
isomeride  of  terebenthene.  Small  quantities  of  polymeric  hydro- 
carbons, and  of  an  oxygenated  compound  (?  CjgHjgO)  are  also 
produced.  The  liquid  hydrochloride  is  rapidly  decomposed 
by  water  at  100^  (212^  F.)^  with  separation  of  hydrochloric 
acid. 

'  Terebenthene  dihytbroehforide,  Cj^^Hj^Cl,. — ^Tbis  compound  ia 
produced  when  terebenthene  is  left  for  some  time  in  contact  with 
a  concentrated  solution  of  hydrochloric  acid.  It  crystallizea  in 
rhombic  plates^  insoluble  In  water,  but  easily  soluble  in  boiling 
alcohol.  It  is  slowly  decomposed,  however,  by  boiling  with  water 
or  alcohol,  and  quickly  by  boiling  with  an  alcoholic  solution  of 
potassic  hydrate,  yidding  terpinol,  (C,oH^^),0.  When  purified  by 
successive  recrystallisations  at  a  low  temperature  it  melts  con- 
stantly at  49°*5  (i2i*'*i  F.)  (Riban).  If  mixed  with  a  little  con- 
centrated solution  of  ferric  chloride  and  very  gently  heated,  a 
rose  coloration  is  produced,  which  soon  passes  to  an  intense  violet- 
red,  and  finally  to  blue  (Riban). 


in  a  current  of  hydrochloric  acid  <,'as  ;  it  is  thurt  obtained  condensed  in  the  form 
of  a  ring  in  the  a.scending  brancli  of  the  tube.  When  the  sublimation  is  com- 
pleted, the  buth  in  removed,  an4  when  the  tube  is  cool,  the  current  of  ga« 
to  stopped  and  the  espiUariw  are  Muled ;  ths  U-tube  »  tiien  inmiened  in  a  bath 
•f  paraffin  or  Rulpborie  aoid,  whteli  !•  gradnstty  heated,  and  Ihs  neltiog  pMnt 
determined  in  the  usual  manner. 
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TerehenChene  hydrohromides  and  hydriodides. — A  mixture  of  a  crj'stAlUne 
and  a  ii4uid  bjdrobromide  \a  obtained  b/  tbe  action  of  hydrobrowic  acid  on 
tnrpantine-oU,  and  a  crjrittalUiM  dibydrobtoniidi^  melting  at  42^  {10  f  6  F.),  » 
pradneed  by  tb*  mImd  of  phoKphorie  pentabromide.  The  fMrodnofc  of  the 
Mtioo  of  hydriodic  acid  on  turpeQtines>il  appears  to  be  a  mixture  of  two 
isomerides,  neither  of  which  has  beon  obtained  in  a  solid  sLnte.  The  action  of 
phosphorus  iodide  on  tprpin,  C,^H,^((  )l^ ) ,,  furni«heK  a  dihydriodide,  crystaliixing 
in  coloorlestt  bexagunal  piates  which  melt  at  48  (118  '4  F.)  (Oppeuheiiu).  None 
of  theee  bodiee  bave  aa  yet  been  prepared  fimn  pore  terebenthene, 

(1269)  FoLTVBUsanoir  or  Tbbbbinthbmb.  DUorebene  or  Colophene : 
CJ9^. — Many  sabefanoee  poeeeie  the  power  of  converting  terebenthene  (and  ite 
isomerides)  into  isomeric  or  polymeric  modifications.  Some  act  even  at 
ordinary  temperatures,  others  only  with  the  aid  of  heat:  again,  whilat  many  produce 
the  change  in  a  very  short  time,  others  act  slowly  and  never  cause  complete  trana- 
fomMtion.  In  aome  oaees  very  mnall  quaotitieB  of  the  reogent  are  aaffieiflfit  to 
prodooe  complete  conversion j  thas  i  pt.  of  boric  fluoride,  which  is  the  moflt 
energetic  reagent,  instantly  oonvertii  160  pts.  of  terebenthene,  with  great  rise  of 
temperature,  into  polymeric  optically  inactive  hydrocarbons  boiling  above  300** 
(572°  F.).  Sulphuric  acid  likewise  act^i  in  the  cold,  but  less  energetically. 
Weak  mineral  acide  (like  boric  acid),  and  several  or|{Miio  adde  (aoetio,  oialie, 
tarterie,  and  dtrie  add)  aet  opoo  terebentbeao  at  100*  (212*  F.)t  but  tbo  aotUm 
it  very  abw,  aud  not  complete  even  after  50  to  60  hours.  Zincic  chloride  at 
100°  (212°  F.)  acts  somewhat  more  energetically.  Cakic  fluoride  and  chloride, 
and  even  the  chlorides  of  the  alkiili  metals,  act  upon  terebenthene  but  very  feebly  ; 
the  transformation  takes  place,  however,  more  quickly  in  presence  of  these 
sabetanees  than  noder  tbeinflneooe  of  beat  alone. 

Tba  actioB  of  aalpliiiria  aeid  on  terebenthena  baa  been  atodied  by  IMlla, 
and  noeotly  by  Riban.  The  products  which  are  obtained  are  7  or  8  per  cent, 
of  rymen^-,  H,^,  which  is  probably  produced  by  the  reaction:  ^\  H^,  +  H,SO^  = 
C.  H  +  2OH.  +  SO  ;  tcrehene,  an  isonieride  of  terebentliene ;  dttercbene  or 
colojpkene,  C^H^ ;  and  higher  polymerides.  According  to  Biban,  the  hydro- 
earbott  C„H^  is  not  prodooed. 

The  diterebeoe  ipay  be  separated  approximately  by  distillation ;  it  ia  then 
heated  Ibr  snni,  time  with  sodium  in  sealed  tubes  to  200*^  (392**  F.),  to  remove 
oxy{j;enat<Kl  substances,  and  afterwards  fractionally  distilled,  when  it  is  obtained  as 
a  oulourlcHt*  oily  liquid  boiling  at  about  320°  (608^  F.),  of  the  specific  gravity 
0'943  (Uiban).  It  is  not  certain,  however,  that  diterebene  even  when  thiia 
prepared  ia  obtained  in  a  pmw  etata,  aboe  Biban  fonnd  that  tbe  bydroablorida 
prepaied  from  it  contained  only  5  06  per  cent  of  chlorine  instead  of  6*1 1  per 
eaat.  as  required  by  the  formula  C.^H^Cl. 

TetratrrehentheHe :  C^Hj^. —  When  antimonions  chloride,  SbCl^,  is  added 
to  terebenthene,  much  heat  is  evolved  and  this  hydrocarbon  is  produced.  To 
prepare  it,  the  ehloride  ia  oarefolly  added  in  small  quantitiee  aft  a  time  until  the 
addition  of  a  fresh  quantity  caosee  only  a  slight  evolnUou  of  heat;  the  tempera- 
ture not  being  allowed  at  any  time  to  rise  above  50**  (122''  F.).  The  product, 
which  consists  of  diterebene  and  tetraterebenthene,  is  thrown  into  a  considerable 
quantity  of  cold  absolute  alcohol,  and  then  treated  with  hot  alcohol,  the  reuidue 
is  dissolved  in  ether,  and  the  solution  hltered ;  the  ether  is  then  distilled  oil',  and 
the  xeddud  heated  to  240°  (464°  F.)  in  vaeno  for  an  hour.  100  pts.  of  tereben- 
thene yield  about  20  pta.  of  tetratefebantbene,  about  20—25  pta.  of  antimonioaa 
ehloride  being  requilld. 

Tetraterebenthene  is  a  transparent,  almost  colourless,  amorphous,  brittle 
substance,  resembling  colophony  in  appearance? ;  it  is  almoMt  insoluble  in  alcohol, 
but  soluble  in  ether,  carbonic  biaulphidc,  bcuzeuc,  petruieuiu,  aud  turpeutiae^il. 


Digitized  by  Google 


230 


ISOmSBBNTHENB. 


[1270. 


It  is  (Ipxlrorofatorv,  [alp  =  +20**  ;  its  density  at  0°  (32"*  F.)  is  '977.  It 
is  oxidized  with  extreme  laciiity  on  exposure  to  the  air,  especially  wheu  finely 
dmded ;  Qiiib  Bibm  fimnd  tlwt  iftnr  exposuM  to  tiie  for  3  montiit  «t  a 
tempenitiin  of  40^—45^  (104" — 1 13^  F.),  it  was  eonmtcd  into  an  amorphoos 
flubstttOB  tolablein  alcohol,  and  approximately  of  tiie composition  C^H^O^  Vofc 
there  was  no  reason  to  believe  that  the  oxidation  wa.-*  complete.  Tt  forms  with 
hydnR'liloric  acid  a  monohydmchhiririe,  0^_H,.,(T.  and  a  ji'ihiiihorhloriii^ , 
C'^Hj^Clj,  both  of  which  are  amorphous;  the  former  is  obtained  by  the  action 
of  dry  hydroohlorio  ioid  on  the  finely  powdered  hjdroovbon,  the  latter  by 
saturating  an  ethereal  solntion  of  the  hydrocarbon  with  hydrochlorio  add. 
Tt'traterebenthene  melts  below  100**  (212**  F.),  but  it  does  not  voUtilize  below 
350°  (662°  F  ).  When  submitted  to  distillation  it  furnishes  I.  a  leem rotatory 
terpene  boiling  at  about  176°  (348°-8  F.),  which  appears  to  be  in  all  respects 
identical  with  isoterebeuthene  (i 270) ;  2.  diterebenes  and  3.  vUcid  products 
boiling  above  the  temperatove  indioated  by  the  meienrial  themometnr  (Bibnn 
Ann,  Ck.  Phjft.  [5],  vi  42). 

(1270)  IsoTEREBENTHENE. — WhcTi  tcrcbcntlicne  is  heated  in 
sealed  tubes  to  300°  (572°  F.)  for  two  hours,  it  is  converted  iuto 
an  isomeric  bydrocarbou  of  higher  boiling-point,  having  less 
action  on  the  polarized  ray;  to  obtain  it,  the  crude  product  is 
distilled  in  order  to  separate  polymeric  substances^  and  then  care* 
fiilly  fractioned  from  sodium.  Pure  isoterebenthene  has  a  strong 
odour  of  oil  of  lemons;  it  boils  at  about  175°  (347°  F.) ;  its 
density  at  o®  (32°  P.)  is  '8586,  and  its  specific  rotatory  power  is 
I)  =  ~- 9^*4*  It  is  more  ea^y  oxidised  than  any  of  its  isomerides, 
and  when  exposed  to  the  air  in  a  thin  layer^  rapidly  absorbs 
oxygen,  and  in  the  course  of  a  -km  hours  is  converted  into  a 
▼iscid  mass  (Riban^  Und,  p.  215). 

Iwterebenthaie  hydrochloride. — ^When  isoterebenthene  is 
saturated  with  hydrochloric  acid  gas,  it  is  oouTcrted  into  a  Uqmd 
hydrochloride,  C^oII^^Cl,  no  trace  of  a  crystalline  isomeride  being 
produced.  The  product,  when  purified  by  distillation  under 
diminished  pressure,  boils  at  about  licP  (230°  F.),  under  a  pres- 
sure of  %  cm.  of  mercury,  suffering  but  little  decomposition ;  when 
distilled  under  the  ordinary  pressure,  it  is  partially  decomposed, 
but  the  greater  part  passes  over  at  about  210°  (410°  F.).*  Its 
specific  rotatory  ])o\vcr  is  [a]„  =  — o°*47,  and  its  speeific  gravity 
at  0°  (32°  F.)  "9927.  It  is  ea^ily  decomposed  hy  wnlvr  at  100° 
{212°  F.),  and  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  at  the  same  temperature,  it  is  reconverted  into  isotere- 
benthene. 

hottrt'benthene  d'lfnjdrochloride. — Isoterebenthene  hydrochlo- 
ride is  readily  converted  into  a  solid  dihydrochioride,  which 

*  AccorJing  to  Berthelot,  8olid  terebentbeue  hydrochloride  boils  with  decoia 
pmdtrou  at  about  215°  (419**  F.). 
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crystallizes  in  plates  mcltiiii;  at  49°'5  (i2i°*i  F.).  To  prepare 
this  compoiiiul,  isoter.  beiitlieue,  or  its  hydrochloride,  is  dissolved 
in  ether,  aud  the  solution,  after  being  saturated  with  hydrochloric 
acid,  is  placed  in  a  shallow  vessel.  In  the  course  of  two  or  three 
hours,  when  the  ether  has  evaporated^  a  solid  mass  of  the  dihydro- 
chloride  remains,  which  is  readily  purified  by  CfystaUizatioii  from 
boiling  absolute  alcohol.  Under  similar  circmuitaiicei  tere- 
benthene  famishes  a  liquid  product,  which  is  a  combination  of 
the  mono-  and  dihydrochloride  :*  CjQH,yCl  +  CjyH,yCU.  Isotere- 
b^thene  dihydrochloride  famishes  terpinol  when  boiled  with 
aqueoat  aloohol  to  which  some  hydrochloric  acid  has  been 
added. 

Isotefebenthene  is  oonverted  into  cymene,  ^hflw  ^  ^^^ting 
carelally  to  one  molecule  a  mcdeonle  of  bromine,  nod  distilling 
the  mahing  dibromide  with  solid  potassic  hydrate  (Raban, 
Compt.  Rend,,  Ixxiz.  223). 

(1371)  Terebene, — Aooording  to  Deville,  tereben^ene  is  con- 
Terted  by  the  action  of  concentrated  sulphnrie  acid  into  an 
optically  inactive  isomeride,  terebene,  boiling  at  about  160^ 
(320°  F.),  whidi  combines  with  hydrocfalorie  acid  to  form  a  liquid 
hydioddoride  of  the  oomposition  (C^qHj0)2HCL  Biban  has 
recently  shown,  however,  that  Deville's  terebene  is  a  mixture  of 
an  optically  inactive  terpene  with  cymene,  C|,)H,p  and  that  the 
liquid  hydrochloride  is  a  solution  of  a  solid  hydrochloride, 
C^qIIj^CI,  in  cymene  {Ann.  Ch.  Phys.  [5],  xi.  232). 

To  prepare  pure  terebene,  tercbenthene  is  carefully  mixed 
with      th   of  its  weight  of  concentrated  sulphuric   acid,  the 
liquid  is  then  left  to  stand  for  twenty-four  hours,  decanted  from 
the  sediment,  and  distilled ;  the  portion  which  passes  over  below 
250°  (482°  F.)  is  washed  with  sodic  hydrate  solution  and  with 
water,  and  after  drying  is  again  similarly  treated.     After  five 
to  eight  treatment**,  the  product  is  optically  inactive,  and  may 
then  be  resolved  by  long-coutinued  fractional  distillation  into 
terebene  (b.p.  156°  or  3i2°*8  F.),  cymene  (b.p.  175°  or  347°  F.), 
a  small  quantity  of  a  camphor-like  substance  boiling  at  about 
aoo°  (392°  F.),  colophene,  ^so^ss*  '''^ich  boils  at  about  318® 
(604°  4  F.),  and  a  mixture  of  almost  solid  substances  boiling  at 
higher  temperatures.    By  fractioning  the  portion  boiling  at 

*  Berihelot  has  shown  that  a  liquid  ii  |vodaoed  when  the  solid  hydrochloride 

and  dihydrochloride  of  tercbenthene  are  mixed,  and  Kiban  finds  that  solid 
terebeuthene  aud  isoterebentliene  diliydroohloridcs  lorin  liquid  compoundj* 
whea  added  to  the  ttohd  hjdrociiloriduai  uf  terebentbeue,  terebene,  and  of  the 
flSttlphfllHWi 
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155° — (3^1° — 3*^5°  ^0  f^om  sodium,  pure  terebene  and 
pure  cymene  may  be  obtaiacd  (Ribaii,  loc.  «/.). 

Terebene  is  a  mobile,  colourless  liquid  of  faint  odour,  which 
does  uot  solidify  at  —27°  (  — 2i°'6  F.).  It  boils  at  155° — 156^ 
(311°— 3i2°-8  k),  and  its  density  at  o''  (32°  F.)  is  oS;;. 

Tertbene  hydrochloride. — When  cooled  terebene  is  submitted 
to  the  action  of  a  slow  current  of  hydrochloric  acid  ^as  it  is 
entirely  converted  into  a  crystalline  mass  of  the  hydrochloride, 
C,„H,X'l.  The  crystals  arc  easily  reducible  to  a  })owder,  and  are 
thereby  distinguished  from  those  of  terebenthene  hydrochloride, 
TFhich  are  soft  and  waxy.  The  crystals  puriHed  by  sublimation 
in  an  atmosphere  of  dry  hydrochloric  acid  gas  still  contain  about  5 
per  cent.  le«  chlorine  than  is  required  by  theory  (20*57  per  cent.), 
and  the  loss  increaseB,  even  when  they  are  kept  in  a  dry  atmo- 
sphere, until  the  percentage  of  chlorine  is  reduced  to  17  or  18. 
Terebene  hydrochloride  melts  at  1%^  (*57**  when  the  pre- 
cautions previooaly  described  in  the  case  of  terebenthene  hydro- 
chloride are  taken.  It  is  optically  inactive.  When  washed  with 
cold  water,  it  is  decomposed  with  aeparation  of  hydrochloric  add 
and  production  of  a  ciyrtaUine  iaomeride  <^  terebenthene, 
P'Camphene;  by  the  action  of  water  at  100^  (212^  F.),  or  of  an 
alcoholic  solution  of  potassio  hydrate,  it  is  reconverted  into 
liquid  terebene  (Biban).  Tereb^e  hydrochloride  does  not  fur- 
nish a  dihydrodiloride  when  its  ethereal  or  alcoholic  solutian 
is  saturated  with  hydrochloric  acid. 

Polymerigatum  Ter^fenti — Terebene  is  not  altered  by 
heating  to  500*^  (57^^  sealed  tabes  (Biban)^  bnt  when  it  is 
mixed  with  concentrated  sulphnric  acid  much  heat  is  evolved,  and 
it  is  converted  into  diierebene  or  cohphene,  C^^^^,  a  small  quan- 
tity of  cymene  being  produced  at  the  same  time. 

(1272)  Camphenes. — This  name  was  applied  by  Berthelot  to 
a  number  of  solid  terpenes  which  he  obtained  by  the  action  of 
various  reagents  on  the  terpene  hydrochlorides. 

Active  Terecamphtne. — Berthelot  fii*st  prepared  this  substance 
by  heating  solid  terebenthene  hydrochloride  with  dry  soap  or  an 
alkaline  stearate.  According  to  Riban  {ibid,  p  353),  however, 
it  is  best  prepared  by  heating  the  hydrochloride  with  its  own 
weight  of  potassic  hydrate,  and  3  to  4  times  its  weight  of  96  per 
cent,  alcohol,  in  sealed  tubes  for  75  hours.  The  product  is 
rectified,  pressed  to  remove  adhering  oil,  and  then  submitted  to 
fractional  distillation.  It  is  a  white  solid  like  camphor,  which 
melts  at  45°— 47°  (113**— il6***6F.),  and  boils  at  156°  (3i2°-8  F.). 
Its  specific  rotatory  power  varies  with  the  dilution  when  it  ia 
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diasolTcd  in  alcohol,  and  is  [0]^= —53°'8a— •03081(c),  e  being 
the  weight  of  the  solvent  in  100  parts  of  solution.  It  has  a 
higher  density  in  the  liqnid  state  than  either  of  its  liquid  isomerides, 
being  '8378  at  60^  (140*^  F.)>  whilst  that  of  terebenthene  is  -8270 
(Biban). 

It  combines  with  hydrochloric  acid  to  form  a  oystalline 
hydroehloride,  which,  when  sublimed  in  an  atmosphere  of  hydro- 
chloric add,  melts  at  145^  (293°  F.).  Its  specific  rotatory  power 
ia  of  an  opposite  sign  to  that  of  the  parent  hydrocarbon,  being 
[a].=  +30^*25.  It  is  decomposed  by  whter  at  ordinary  tem- 
peratures, although  less  rapidly  than  terebene  hydrochloride ;  and 
when  heated  with  50  times  its  weight  of  water  for  90  hours  at 
100^  (212^  F.),  it  is  entirely  resolved  into  hydrochloric  acid  and 
solid  camphene  ;  the  rotatory  power  of  the  resulting  camphene  is 
reduced  to  —i^^'^i  however,  owing  to  the  modifying  action  of  the 
hydrochloric  acid. 

a- Inactive  Terecamphene. — This  modification  is  obtained  by 
beating  solid  tcrebcuthene  hydrochloride  with  twice  its  weight  of 
pulverized  fused  potassic  acetate  for  30  hours  to  170°  (33^^ 
in  a  long-necked  flask.  The  product  is  a  mixture  of  terebene 
with  the  camphene,  from  which  the  latter  crystallizes  after  washing 
with  alkali  and  water.  Except  in  optical  behaviour,  it  does  not 
in  the  least  differ  from  the  active  terecamphene  above  described 
(Jtiban,  ibid.  p.  370). 

^-Inactive  Terecamphene. — ^The  formation  of  this  body  by 
the  action  of  cold  water  on  terebene  hydrochloride  has  already 
been  mentioned;  it  is  most  readily  obtained,  however,  by  heating 
the  hydrochloride  with  5  times  its  weight  of  sodic  stearate  to 
180°  (356^  F.)  for  30  hours ;  terebene  is  simultaneously  produced 
in  large  quantity,  but  it  may  be  separated  from  this  by  the  aid  of 
a  refrigerating  mixture.  It  possesses  properties  similar  to  those 
of  the  a-modification,  but  is  apparently  less  stable,  as  it  is  more 
readily  converted  at  the  moment  of  separation  into  terebene 
(Biban).  The  hydrochlorides  of  the  «-  and  modifications  are 
decomposed  by  water  even  more  readily  than  terebene  hydro- 
chloride, the  camphenes  being  regenerated. 

Bomeoeampkene, — ^According  to  Biban,  artificial  bomeol, 
Cj^Hjj.OH([a]„ss+2*'-6),  prepared  ftom  camphor  by  Baubigny's 
process  (i6id,  [4],  zix.  221),  is  converted  by  the  action  of 
a  saturated  solution  of  hydrochloric  acid  into  an  inactive  hydro- 
chloride, C^qH^jCI,  which,  like  all  the  camphene  hydrochlorides, 
melts  at  145^  (2^3°  F.).  This  yields  part  of  its  hydrochloric 
acid  to  odd  water,  and  is  Rapidly  decomposed  at  100°  (2x2°  F.), 
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although  less  rapidly  than  the  hydrochlorides  of  tercbene  and  the 
active  and  inactive  terecamphenes  borueocamphene,  which  may 
be  thus  produced,  is  more  conTeniently  prepared,  however,  by 
heating  the  hydrochloride  with  an  excess  of  an  alcoholic  solutioa 
of  potassic  hydrate  to  i8o°  (356°  F.)  for  70  houw.  It  hMM 
similar  properties  to  the  inactive  camphenes  {ibid.  p.  543). 

(1273)  Terpene  from  Isopreni. — By  heating  isopronc,  CJi^ 
to  aSo** — 290°  (536° — 554^  F.)  for  ten  hours  in  sealed  tubes  t Vom 
which  the  air  k  displaced  hy  carbonic  anhydride,  Bouchardat 
has  obtained  an  optically  inactiTe  teipene,  which  boils  at  176° — 
181^  (54B^'8— 357^  8  F.)  [Con^,  Reiui,,lxx^,  1446).  Its  density 
at  (32^  F.)  is  *866.  It  has  a  strong  lemon-like  odour  resem- 
bling that  of  isoterebenthene,  and  like  it  is  rapidly  oxidiied  on 
exposure  to  the  air.  By  the  action  of  hydrochloric  acid  on  the 
ethereal  solution  of  the  hydrooafbon,  a  liquid  product  is  obtained, 
which  is  resolved  by  distUlation  under  diminished  pressure  into  a 
liquid  hydrochloride  and  a  crystalline  dihydrochloride ;  the  former 
boils  at  about  145°  (293°  F.)  under  a  pressure  of  10  cm.  of  mer- 
cury, and  the  latter  melts  at  49^  5.  The  resemblance  which  tiie 
hydrocarbon  from  isopronc  exhibits  to  isoterebentheue  renders  it 
very  probable  that  the  two  are  identical. 

(1274)  English  Turpentine-oil.  Austraterebenthene. — » 
Austratcrcbeuthenc,  according  to  Bcrthelot,  is  the  chief  constituent 
of  English  turpentine-oil.  It  has  the  same  specific  gravity  and 
boiling-point  as  terebenthene,  but  its  specific  rotatory  })owcr  is  uf 
opposite  sign,  being  [a]  =  +2i°"5.  Anstraterebenthcnc  yields  with 
hydrochloric  acid  a  mixture  of  a  solid  and  a  liquid  hydrochloride  ; 
the  specific  rotatory  power  of  the  former  is  [a]  =  +  ii°7,  but  in 
all  other  respects  it  appears  to  be  identical  with  solid  terebeutheue 


•  Ribanhaspublishcd  an  interesting  series  of  observatimw  on  the  deoompositioo 
of  the  hydnx  hlorides  of  tt-rcbeuihene,  terebene,  the  terecampheneH,  ana  bomeo- 
cauiplu  ne,  w  lieti  heated  with  the  same  weight  ot  water  (25  pt«.)  to  lOO°  (2  1  2"  F.) 
in  tteuled  tubeb  lur  the  same  length  uf  time  {CoiH}>t.  Rend.,  Ixu.  1330).  In  th« 
oaie  cf  terebenthene  hydrochloride^  which  is  deoompoaed  ooly  to  a  very  flight 
extent*  the  saMNint  of  hydrochloric  acid  set  free  repieeeoted  a»  a  function  of  the 
time  ie  expre«sed  by  a  Htraight  line;  bat  in.  the  case  of  the  hydrociiloride^  of  the 
terecamphenes  and  of  terebene,  which  may  be  Hlmo»t  toUil.y  (Jeconii>Oiied  hy 
15  hoars'  heating,  the  decomposition  is  represented  by  Ic^aritaiuic  curves — that 
it  to  say,  the  decompoaition  is  al  Ant  extremely  rapid,  bat  aftw  a  time  tak«s 
plifle  alowlj.  The  earre  fbr  borneoearophciie  hydrotshhiride  is  of  precisely  tiaa 
aame  character,  but  this  eompouud  doi-s  not  undergo  deioin position  quite  ao 
completely.  A  himilar  investigation  ot  the  liydroeluoridt-s  of  the  autitraterv- 
bentlit-ne  series,  and  ol'  the  hydrochlorides  of  terpeuea  irom  olhcr  sources  is  tnuUx 
to  be  desired. 
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hydrocliloricle.    The  dihydrocfaloride  of  avstraterebentlieiie  bas 
the  same  properties  as  that  derived  from  terebenthene. 

When  heated  to  250°  (482°  F.)>  aiutraterebentbene  is  con- 
▼erted  into  an  isomeric  hydrocaibon,  bcnling  at  177°  (350^*6  F.)> 
which  is  perhaps  identical  with  tsoterebenthene.  Like  the  latter, 
it  has  an  odour  resembling  lemon-oil,  and  is  more  etisily  oxidiased 
than  the  parent  hydrocarbon ;  its  specific  rotatory  power  is 
[a]  =  — 10  (Berthelot),  that  of  isotcrcbciithcne  being  [a]  = 
—  iO"87  (Riban).  Jly  continued  heating,  a  polymeric  liydrocarbon 
corresponding  to,  if  not  identical  with,  diten  benc  is  produced. 

When  submitted  to  the  action  of  sul})huric  uc  id,  austratere- 
benthene  furnishes  an  onticallv  inactive  hydrocarbon  which 
appears  to  be  identical  with  tlic  terrbeiic  from  terebenthene. 

Austracaniphenes  arc  obtained  from  aiistraterebcnthene  hydro- 
chloride in  the  same  way  as  tcrccamplu  lu's  arc  formed  from 
terebenthene  hydrochloride,  and  resemble  the  terccamphcncs  in 
all  their  properties  excepting  their  specific  rotatory  power,  which 
in  the  case  of  austracamphene  is  [a]  =  +  22'^,  that  of  the  solid 
hydrochloride  of  austracamphene  being  --5^  (Bertbelot). 

Austratcrebenthene  and  its  derivatives,  however^  have  not  been 
studied  in  the  same  careful  way  as  terel)enthene  and  its  deriva- 
tives,  and  doabtless  many  of  the  statements  with  regard  to  them 
require  more  or  less  conection. 

(1275)  SvBSTiTunoir  Dsrivativbs  or  tbb  TiariNBS. — 
Scarcely  anything  is  known  of  the  substitntion  derivatives  of  the 
terpenes.  By  the  action  of  the  halogens  additive  componnds  are 
apparently  always  prodnoedj  which  are  extremely  unstable  sub- 
stances^ however.  The  action  is  often  extremely  violent :  thus 
when  paper  soaked  in  turpentine-oil  is  introduced  into  a  vessel 
filled  wxtii  ddurine,  the  turpentine  takes  fire ;  bromine  acts  simi- 
larly j  and  when  a  considerable  quantity  of  iodine  is  suddenly 
brought  in  contact  with  turpentine-ml,  explosion  frequently 
ensues.  The  behaviour  of  the  isomeric  terpenes  differs  consider- 
ably. When  a  molecule  of  bromine  is  slowly  added  to  the  well 
cooled  terpene,  conibinatioii  takes  place  without  evolution  of 
hydrobromic  acid,  although,  on  heating  the  product,  hydrobromic 
acid  is  given  off  freely  ;  in  the  case  of  the  tcrpenc  from  oraii^^e- 
pecl  oil,  the  resulting  dibromide  after  two  or  three  distillations 
is  resolved  almost  entirely  into  cymcnc,  C,qIIj^,  and  hydrobromic 
acid,  whereas  the  dibnjuiidc  of  anstraterebcuthene  yields  very 
little  cymene,  but  is  mainly  eouvcrted  into  a  brominated  terpene. 

Cymeue  may  also  be  obtained  Irom  the  terpeues  by  adding 
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gradually  about  half  tbeir  weight  of  iodine,  then  cohobating  some 
time,  and  afterwards  distilling  (Kekul^;  Oppenheim). 

The  action  of  chlorine  on  the  solid  hydrochloride  firom  tur- 
pentine-oil is  said  to  give  rise  to  the  formation  of  the  compound 
Cj^UjiClp  which  is  easily  resolved  into  hydrochloric  acid  and 
tetraehioroterpene,  C^^HJCl^ ;  the  latter  ia  crystalline  and  melts  at 

The  only  well-characterised  snbstitntion-denTatiTea  are  the 
nUro80terpene9  recently  obtained  by  Tilden.  When  nitrosyl 
chloride  gas^  NOCl,  is  passed  into  English  turpentine-oil  cooled 
to  ~xo^  (14^  F.)  the  gas  is  freely  absoriied  and  a  oonsideraUe 
quantity  of  a  white  precipitate  is  thrown  down^  the  greater  part 
of  which  disappears,  however,  if  the  temperature  is  allowed  to 
rise.  To  secure  it,  therefore,  it  is  necessary  to  filter  it  off  as 
quickly  as  possible,  and  to  stir  it  up  with  strong  spirit  of  wine  so 
as  to  remove  the  mother  liquor  without  dday.  The  substance 
thus  obtained  forms  a  snow-white  crystalline  powder ;  it  has  the 
composition  C^gHj^  NOCl.  When  this  body  is  submitted  to  the 
action  of  an  alcoholic  solution  of  sodic  hydrate  it  is  converted 
into  an  optically  inactive  nitroaoterpene,  C^qIIj-XO,  which  crystal- 
lizes from  alcohol  in  transparent  rhombic  prisms,  and  melts  at  1 
— 130°  (264°-2 — 266°  F.)  (Tilden,  Juurn.  Chem.  Soc.  [2],  xiii.  514). 
Isomeric  bodies  have  been  obtained  from  the  terpenes  of  orange- 
peel  oil  and  lemon  oil,  bnt  terebenc  does  not  furnish  a  uitroso- 
compouud  ;  the  nitroaoterpcne  from  orange  oil  crystallizes  in 
rhombic  plates  and  melts  at  71°  (i59°'8  F.),  -vvliilst  that  from 
lemon  oil  forms  long  prisms  {private  communication). 

(1276)  Compounds  of  the  Terpenes  with  \Vater. — Terpin, 
CjQHjg(OH)g. — When  turpeutiue-oil  mixed  with  water  is  allowed 
to  stand,  crystals  are  frequently  deposited,  the  production  of  which 
is  favoured  by  the  presence  of  an  acid.  These  crystals  are  a 
hydrate  of  terpin,  CjQHjg(OH),-f  OHgj  to  prepare  them  in  quan- 
tity, 8  vols.  turpentine*oil  are  mixed  with  2  vols,  nitric  acid  and 
i  to  6  vols,  alcohol,  and  the  mixture  is  frequently  shaken  during 
the  first  few  days,  then  left  to  itself  in  shallow  vessels  for  several 
weeks.  The  crystals  which  form  arc  pressed,  and  purified  hy 
crystallization  from  boiling  water,  with  addition  of  animal  char* 
OQoL  Terpin  hydrate,  OiQHu(OH)g+OHy  as  thus  prepared* 
crystaUises  in  kurge  rhombic  prisms;  when  heated  to  100° 
F.)>  it  melts  and  Is  oouTerted  into  terpm,  C,^H,g(OH)^  The 
same  change  takes  place  when  the  crystals  are  exposed  over 
sulphuric  add.  Terpin  melts  at  103^  (217%  P.)*  and  crystallises 
on  cooling ;  it  sublimes  at  about  150**  (302^  F.)  in  slender  needles. 
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Thrpentine  hydrate,  CjoHj^(OH). — ^This  compound  is  sometimes 
obtained  in  the  preparation  of  tcrpin  hydrate  from  turpentine-oil 
either  together  with  it,  or  forming  the  only  product.  It  is  a 
liquid  boiling  at  2Co — 220^  (39-^ — 4^^°  i"'-)- 

Similar  hydrates  have  been  obtained  from  terpenes  from  other 
sourees  than  the  turjxuitinc-oils  ;  it  docs  not  appear^  however,  that 
all  terpenes  are  capable  of  yielding  them. 

(1277)  Behaviour  of  the  Terpexes  on  Oxidation. — Refe- 
rence has  already  been  made  to  the  fact  that  turi)entine-oil,  and, 
indeed,  the  terpenes  generally,  absorb  oxygen  on  exposnrc  to  the 
air,  becoming  thicker  and  ultimately  resinous ;  in  this  gradual 
oxidation  small  quantities  of  acetic,  formic,  and  carbonic  acids 
are  produced.  It  is  also  generally  uupposed  that  part  of  the 
atmospheric  oxygen  is  concerted  into  osooe,  and  that  turpentine- 
oil  after  prolonged  exposure  to  the  air  always  contains  osone  in 
eolation.  In  a  recent  paper,  however  {Joum,  Chem.  Soc.  [2], 
zii.  511;  xiii.  210),  Kingsett  altogether  disputes  the  formation 
of  ozone  under  these  circnmstances.  According  to  his  experiments, 
neither  oione  nor  hydric  peroxide  is  produced,  hut  a  small  amount  of 
a  ifbbstence  it  formed  which  he  r^ards  as  a  can^^ric  peroxide, 
CiqHj^O^  ;  and  he  belicTes  that  when  the  oxidised  oil  is  shaken  with 
water,  this  peroxide  is  converted  into  hydric  peroxide  and  an  acid 
having  the  oompositiou  of  camphoric  acid.  If  the  oxidation  occur 
in  pieeence  of  water,  which,  however,  is  by  no  means  essential  to  the 
change,  this  acid  and  hydric  peroxide  are  found  in  the  aqueous  solu- 
tion at  the  dose  of  the  experiment.  Kingzett  finds  that  hydric 
peroxide  is  also  developed  in  the  oxidation  of  the  terpenes  from 
Oirange-peel,  nutmeg,  and  wormwood  oihr  under  similar  circum- 
atances  (Ckem,  New$,  vol.  xxxii.  p.  138). 

According  to  Sobrero  {Ann,  Chem,  Pharm.f  1851,  Ixxx.  106), 
when  tnrpentine-oil  containing  water  is  exposed  for  some  time  to 
tlie  sun^s  rays  in  a  large  flask  filled  with  oxygen,  stellate  groups 
of  crystals  are  deposited  on  the  sides  of  the  vessel,  which  have  the 
composition  C^,JIj^03= Cj,,!! -f  O  +  OH.,. 

Berthelot  has  shown  that  by  the  atmospheric  oxidation  of  the 
caniphenes  from  tercbentheiie  and  austraterebenthcne  in  contact 
with  platinum-bhack,  or  by  the  action  of  chromic  acid  or  potassic 
permanganate,  substances  of  the  same  composition  as  ordinary 
camphor,  C,„Hj^p,  are  formed,  but  the  quantity  obtained  was  too 
small  to  enable  him  to  decide  whether  the  pnMlucts  were  identical 
or  isomeric  with  camphor.  Kiban,  however,  has  recently  suc- 
ceeded in  obtaining  considerable  quantities  of  a  camphor  by 
oxidixing  the  Isvorotatory  camphene  from  terebenthene  (1279) 
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with  potaanc  dichromate  and  sulphuric  add  mixture  (Aim,  Ch, 
Pkys,  [5],  vi.  386).  The  product  roemblet  ordinary  camphor  in 
appearance^  and  melts  at  172^  (341^*6  F.),  but  it  exerts  a  lasvoro- 
tatory  action  on  polarised  light ;  M»»  — 15^7* 

According  to  Hempel  {Deut.  chem.  Get.  Ber,,  yiii.  357)^  when 
turpentine-oil  is  oxidised  wiUi  potassic  dichromate  and  sulphuric 
acid  it  is  converted  into  monobuic  terpenylie  acid,  O^^Hifl^. 

Concentrated  nitric  acid  acts  very  violently  on  turpentine-oil, 
often  setting  it  on  fire.  When  the  oil  is  heated  with  moderately 
strong  nitric  acid.,  resinous  suhstances  of  unknown  composition 
are  produced,  which  on  continued heatin«;  gradually  dissolve,  and 
finally  terebic  arid,  C.II,„0^,  is  obtaiucd,  together  with  terephthalic 
acia,  '(;II^(C001I),/ and  paratoluic  acid,  CgH/CH,)  (COOil) 
(Williiinis,  loc.  cit.  vi.  1094;  Ilcmprl,  viii.  20).  Jkrlliclot  states 
that  wlien  tnrpcntiiie-oil  is  oxidized  with  j)()tassie  permangauate,  a 
resinous  ucid,  easily  soluhk^  in  water,  is  produeed. 

The  behaviour  of  other  tei  penes  on  (jxidation  has  been  but  little 
studied.  From  \Vri<^^ht's  observations  it  appears  that  the  hydro- 
carl>ons  from  nutmeg  and  orange  peel  oils,  when  oxidized  with 
potassic  diehromate  and  snlphurie  aeid,  furniislj  sn.all  (pianti^ies 
of  compounds  of  the  fornuda  C, ,,11,^0,  together  witli  acetic,  formic, 
and  carbonic  acids,  whilst  hesperideue  from  orange-j)eel,  when 
treated  with  nitric  acid,  gives  a  resiuous  substance,  together  with 
an  acid  of  the  formula  C^Jl^^O^^  [hesperUic  acid),  hut  no  toluic 
or  terephthalic  acid.  Myristiccue  from  nutmeg-oil  also  furnishes 
a  resin  and  an  acid  of  the  formula  C,QllyO|f  (niym/mc  add) 
{Journ.  Chem.  Soc.  [2],  xi.  549). 

(1278)  Tbepeitbs  raox  otbbr  Sources. — It  has  already  been 
pointed  out  that  a  large  number  of  the  oils  derived  from  various 
plants  contain  terpenes,  so  that  it  will  be  convenient  to  give  a 
short  description  here  of  the  better  known  of  these. 

The  production  of  the  "  essential-oils"  containing  terpenes  is 
not  limited  to  any  particular  portion  of  the  vegetable  organism. 
In  some  natural  families,  the  Umbelliferm  for  instance,  the  oil  ia 
most  abundantly  contained  in  the  seeds.  The  Awaniiaeem  yield 
two  different  kinds  of  oil,  one  of  which  is  obtained  firom  the 
flower,  the  other  from  the  rind  of  the  fruit.  In  the  Myrtatxm 
and  Labiat€B  it  exists  in  the  leaves,  whilst  the  Rosacea  contain 
it  only  in  the  petals  of  the  flower. 

The  oils  exist  ready  formed  in  the  plant,  enclosed  frequently 
in  special  oil-cells,  which  are  often  visible  to  the  naked  eye,  as  in 
the  leaves  of  the  Myrtace<e  and  the  peel  of  the  Auranliiu  va:. 

The  oils  of  lemon  and  orange  ai'c  extracted  by  simple  pressure 


Digitized  by  Google 


1278.] 


TE&FENE8  FROM  VAEIOUS  SOURCES. 


239 


from  the  rind  of  the  frait ;  bat  tlie  general  procest  of  extraetion 

consists  in  placing  appropriate  portions  of  the  plant  in  a  still  with 

water,  and  applying;  heat.  In  order  to  prevent  the  materials  from 
bcin^  over-heated  by  resting  against  the  sides  of  the  still,  which 
would  give  to  the  distillate  a  disagreeable  odour  aud  often  spoil 
the  product  for  perfumers'  purposes,  it  is  customary  to  suspend 
theui  in  a  net  or  on  a  perforated  metallic  vessel  in  the  upper  part  of 
the  still.  A  better  method  of  obtaining  the  oil  is  to  allow  steam 
to  pass  over  the  plant,  and  to  condense  the  vapour  afterwards  in 
the  usual  way.  Tlic  pn  senr-e  of  steam  favours  the  volatilization 
of  the  oils  at  a  comparatively  low  temperature,  for  it  mechanically 
carries  over  the  va[K)ur  ;  the  distillate  is  at  firet  milky,  but  the 
Ipreater  portion  of  the  oil  separates  on  standing.  The  water  which 
is  condensed  in  the  receiver  along  with  the  oil  acquires  its  odour 
and  taste ;  rach  waters  constitute  the  firagrant  eUstiUed  water*  of 
tbe  apotbecaiy. 

Tebpexks  from  thr  CoxiFEB^ — In  addition  to  French  and  Engli.Kh  tur- 
pentine, beveral  other  varieties  are  known,  derived  from  coniferous  plants.  Thej 
MO  M  followB  r— 

Venetian  or  Larch  Turpentine. — Thia  is  obtained  from  Pinus  Larix  L. 
(Larix  Euruptpa),  and  in  chiefly  colU'fted  in  the  Tviol.  It  is  a  thick  honey- 
like fluid,  and  contains  about  1 5  per  cent,  of  ;i  t<  rj»ene  which  boil«  at  about 
'57*  (3^4°"^  ^0  >  terpene  exhibitn  a  feeble  Itevorotatory  action,  and  readily 
fonkheo  s  eryttalliM  hydroohknride  (Hsnbury  and  F18«kiger). 

Streubmrff  2^irpmitime.—Th»  Pimu  Pieea  L.  {ALies  peetttuOa)  or  Silver 

which  grows  in  the  moantainous  parts  of  Middle  and  Southern  Europe, 
appears  to  furnish  two  torpenen.  The  turpentine  extr.u  ted  from  the  stem  yields 
a  terpene  whicii  buils  at  163°  (325°  4  F  ),  and  exhibits  feeble  la?vorotatory 
action ;  but  tiie  terpene  distilled  from  the  cones  of  the  same  tree  exhibits  a  verj 
powerful  bevorotatorjr  aetion  (Hanbnry  and  Fliiokiger). 

Catuida  BaUam. — This  tur{>entine  is  extracted  from  the  Pintu  Bahamea, 
or  fiabam,  or  Balm  of  (JileaJ  Fir,  which  «xrows  in  profufion  in  the  northern  and 
western  portion  of  the  United  States  of  Anierici,  in  Xovh  Scotia,  and  in  (\inada. 
Tile  j,'reater  part  of  the  terpene  which  it  lurnisheit  on  distillation  with  water  boils 
at  about  167°  (32a°'6  h\),  and  atliibita  ibeblo  bBVoratatory  action  (Ilanburjr  and 
TOekiger). 

Tbe  Tsdna,  which  are  the  main  constituents  of  all  the  varieties  of  turpentine, 
liave  been  very  inefficiently  stmli.il,  t-xceptinf^  that  derived  from  American 
turpentine,  (►rdinary  resin,  or  oolopliony,  from  American  tuqx'ntine,  a!id  the 
resiniiof  Pinus  Abies  and  Pinus  Larix  con>i:it  (according  to  Maly)  of  the  so-cailed 
AhUtic  anhydride,  C^H^O^.  Thb  substance,  or  cloaely  related  bodies,  appears 
abo  to  bo  oontained  in  the  resins  of  other  conifers.  Hanbnry  and  Fliiokiger 
con.tider  that  the  resin  of  Canada  balsam  is  a  mixture  of  two  bodiee,  ainoa  thej 
found  that  only  alnjut  78  per  cent,  of  a  specimen  which  they  examined  was 
soluble  in  boiling  alcohol,  whilst  ordinary  colopimnium  dih.soive«  entirely;  the  re- 
mainder was  an  amorphous  mass  readily  soluble  in  ether.  When  colophony  is 
Mled  with  alkaline  eolations,  greasy  aalla  of  ohiHie  acid  are  fonnad,tbo  lo-oalled 
rama  «oa^ 

OH  ^Jmufer,    OU  <tf  toiM.-^uniper  {Jaiujmu  eommunit)  bamaa 
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furnish,  on  distillation  with  water,  a  Rmall  amount  of  an  oil,  which  is  a  mixture 
of  a  terpene  boiling'  at  155°  {^H°  F.)  with  a  necoud  hydrocarbon  of  the  formula 
C^H^.  Both  are  Isvorotatoiy.  The  allied  oonifer,  Jtrntpente  Sabina,  yields  a 
dntrorotftUny  terpene  (Hanbaiy  and  FUiekiger). 

TerpbhiS  TBOM  ArSAVTlACBX. — Oil  of  orange-peel,  whioh  is  extracti'd  from 
the  rind  of  the  scarcely  ripe  fruit  of  the  Sweet  or  Portufjal  Orange,  consists  to 
the  extent  of  fully  95  per  cent,  of  a  teri>ene,  called  by  Gladstone  hesperidene, 
and  of  an  oxygenated  oil  of  tlie  componition  Cj,Hj,0.  The  corrected  boiling- 
point  of  pure  heeperidene  is  178*  (35»**4  ;  the  oxygenated  cll  is  eontained 
in  the  portion  boiling  at  2io«— 130°  (410"— 446'  F.).  but  it  is  ^dually 
polymerized  by  heating,  and  converted  into  a  resin  which  cannot  be  ditttilled 
(Wright,  Journ.  Chem.  Soc.  [2].  xi.  549)-  Hesperideno  exiiibits  a  powerful 
dextrorotatory  action,  and  when  saturated  with  hydrochloric  acid,  is  converted 
into  a  crystalline  dihydrochloride. 

Oil  ^  Lem^m, — This  oil,  whioh  is  aleo  obt«ned  from  ihe  rind  of  the  unripe 
iVoit,  appears  to  oon«ist  chiefly  of  a  mixture  of  two  dextroroti^y  terpenes, 
together  with  a  small  proportion  of  an  oxygenated  oil  not  yet  examined.  The 
crude  terpene  boild  at  170='— i So"  (338°— 356"  F.),  and  hi»s  a  powerful  dextro- 
rotatory action  ;  it  readily  furnishes  a  crystalline  dihydrochloride,  and  a  crystalline 
hydrate  similar  to  that  of  terebentheDe. 

Oil  ^  Bertfamot. — Thb  oil  ia  obtained  from  the  full  grown,  but  still 
unripe  and  more  or  less  green  fruits  of  the  Citrus  Berpamia,  which  is 
cultivated  at  Reggio,  in  Calabria.  It  is  dextrorotatory  and  buiU  at  from 
18^" — IQ5  '  (36i°  4 — 383°  F.).  It  appears  to  be  a  mixture  of  one  or  more 
terpenes  with  a  solid  aubstanoe,  the  oomposiUon  of  which  hss  no^  bem  eaftia* 
ikctorily  ascertained.  The  oil  readily  fwmieheB  a  eryttalline  hjrdrata  on 
treatment  with  nitric  acid  and  water. 

Oil  of  Neroli  is  the  oil  prepared  by  distilling  the  fresh  6owers  of  the 
Bigarade  or  l^itter  Orange  with  water,  an<i  is  manufactured  chiefly  in  the  South 
of  France.  Like  oil  of  bergamot,  it  exhibits  a  slight  dextrorotatt»ry  action ; 
and  consists  apparently  of  a  terpene  or  torpenee  and  a  solid  oxygenated 
aabstanoe.  On  distUbtion,  the  greater  part  pMsea  over  at  i85**~i95'* 
(365 -383"  F  ). 

Oil  of  Petit  Grain  is  produwd  hy  the  distillation  of  the  leaves  and  shoots 
either  of  tlie  Higarade  or  Bitter  Orange,  or  of  the  Portugal  or  JSweet  Orange ; 
it  consihts  of  a  dextrorotatory  terpene  boiling  at  about  173°  (343''*4  F.),  and 
an  oxygenated  oil. 

TsBPBNBt  FBOK  MtU8TICB£ — Oil  of  Nutmeg  has  been  recently  examined 
by  Wright  {loe.  who  finds  that  it  consists  chiefly  of  a  terpene  boiling  at 

about  164°  (327*'"2  P.)  ;  together  with  an  isomeric  terpene  boiling  at  about 
176*  (348''-8  F.) ;  cymene,  C,,H,^ ;  and  an  oxygen.-ited  oil,  m^ri^ticol, 
C„H„0,  which  boiU  at  212**— 218**  (413^  6— 424"  4  F.),  but  is  eonverted  by 
repeated  distiUation  into  resinona  non-volatile  polymeridies.  Neither  of  the 
terpenes  were  obtuned  free  from  cymene,  however ;  and  it  is  therefore  improbable 
that  the  boiling-points  above  given  are  those  of  the  pure  t^-rpenes  ;  at  leiu<t  in 
the  case  of  that  contained  in  the  164**  fraction,  the  true  boiling-point  b  probably- 
lower.    The  nutmeg  terpenes  are  dextrorotatory. 

Oil  of  Mace. — The  nutmeg  is  endoeed  when  fresh  in  a  fleshy  net-Uhe 
envelope,  somewhat  resembling  the  husk  of  a  filbert,  wbieh  when  separated  and 
dried  oonstitutes  the  mace  of  commerce.  Mace  oil  is  said  to  consist  chiefl^y  of* 
terpene  boiling  at  about  160°  (320°  F.),  together  with  an  oxygenated  oil. 

Tebpknes  from  Laubackjj. — Camphor-oil,  Bortieene. — Camphor-oil  is  the 
oil  which  drains  out  of  the  crude  camphor  extracted  from  the  Laurut  Campkom, 
Wiigbt  found  a  speeimen  he  eiamined  to  eonsist  ohiefly  of  camphor  diaeolved  in 
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•  terpene  boiling  tt  aboat  1 70**  (338**  F.);  it  appean  also  to  ooDtun  ojcjgenated 
oiU  or  tho  oompciaition  OJSL^fi  and  C^Jl^O. 

Bomean  or  Sumatran  Camphor  oil,  which  is  obtained  by  tapping  the 
Dryobalanopti  Camphora.  also  chiefly  consists  of  a  ti-rpene  (iomeeiM)*  boiling  at 
about  165°  (329''  F.),  huldiug  in  Kolutiuo  borueol  and  resin. 

Bjr  distilling  Bori^l  or  Borneo  Camphor,  C  11,^0,  with  pho8phoric 
anbj^lde,  ft  terpana  alao  knovm  aa  bomeeoo  ia  obtained,  which  bdia  at 

OiU  Gmmamtm  and  Cassia. — Th*-  lonner  of  the«e  oils  is  obtained  from 
the  bark  of  Ceylon  cinnamon  {Cinnamumum  Zt\yhimcum),  the  latter  from 
Chinese  cinnamon.  Both  consist  essieutially  of  cinnamic  aldthyde^  C,ii,0, 
togMbar  with  ft  variable  proportibn  of  hydroourbona,  probably  terpenca*  The  oil 
obtained  in  Ceylon  by  diitiUing  cinnamon  leaves  oonaista  acooiding  to  Stenbousa 
of  ft  tarpane.  boiling  at  i6o'— 165"  (jao*— 3a9*»  P.),  and  w^wni,  C„H„0^ 

Battafra*  oil. — iLm  oil  i^  distilled  from  the  wood  of  the  roots  and  the  root> 
barii  of  SatH^hu  tufidnah,  a  tree  growii^  in  North  America.  It  oontaioa 
about  the  of  iia  weight  of  tafrol,  0^,11^,0^  and  aUo  a  dextrorotatory  terpana 
boiling  at  aboat  156*'  (312°  V.).  A  very  gmall  quantity  of  ft  anbstanoa 
aoluble  in  alkali  (?  a  phenol)  is  likewise  pre?;ent  (Kouitte  and  (^riinaux,  Compt. 
£end.,\xvu.  928).  Safrol  is  a  colourless  oil  boiling  at  230" — 233°  {446"' — 
45i°'4  F.),  which  it  is  said  does  not  solidify  at  —  20°  ( -  4"  F.) ;  it  is  converted 
by  bromina  into  a  eryatalline  pentabromo-deriTative,  C„I  I^Br^O,.  The  attampla 
to  ascertain  the  constitution  of  safrol  have  been  hitherto  unrtucceAsful,  as  it  ia 
retiinized  by  the  action  of  all  ordinary  rea^nts,  and  even  melting  potan^ic  hy- 
drate attacks  it  with  difficulty  ;  it  apjwars  probable,  however,  that  it  u  re- 
lated to  eugenol,  since  it  diti'ers  very  little  from  it  in  composition,  and  both 
oceor  in  planta  of  tba  aama  order.  Oil  of  aaaaafraa  ia  also  aaid  to  deposit 
flfyalala  of  saiiaafhia  oamphor,  C,,H,,0,,  when  cooled  m  a  rafrigarating  mixtare. 

Oil  iff  Say. — According  to  Gladstone,  the  oil  from  the  berrle«  of  Laurwt 
nohilit  is  ft  mixture  of  a  lavorotatory  terpene,  boiling  at  1 71**  (339°'8  F.),  and 

eugenol. 

TtKPKNES  FBOM  UiiB KLL1FEB.E. — Oil  of  CarotM^,  distilled  from  the 
aaeda  of  Carma  Carm,  oonaiatii,  to  tba  ntenfc  of  aboot  ona-tbird,  of  ft  dextro- 
votfttory  terpene  (carvene),  boiling  at  1 73®  (343*'4  F.),  and  of  earvot,  C„H„0. 

Oil  of  Dill,  from  the  seed  of  A  net  hum  graveoleiu,  also  consists  of  a 
dextmrotatory  terpene,  boiling  at  173'  (3-i3'''4  F.)»  and  an  o^genated  oil 
n^arded  by  Gladstone  as  identical  with  carvol. 

Oil  of  Anise,  from  the  seed  of  Pimpinella  Anisum,  consists  almost  wholly 

(  OCH 

of  anethol,  C\^Hj,0,  or  C,H^  I  C  H  **    "^^^  terpene,  which  is  only  present  in 

anmll  quantity,  hiks  not  been  examined. 

Oil  of  Ft-nnct,  from  the  seeds  of  Anethum  FiTuirulnm,  also  contains  a  lar>re 
quantity  of  anethol,  but  is  usually  richer  iu  terpeuu  than  anise  oil.  The  terpene 
ia  dextrorotatory. 

on  cf  CamiM,  diatUlad  from  tba  aaeda  of  Camimm  Oymitmm^  eonaiata 
dliefly  of  r«m»c  aWeAjNfc,  C,JI,/),  and  rj//«fnc,  C,„1I,^;  but  it  also  contains  ft 
terpene  which  wlien  pure  boils  at  about  165°  (329^^  F.)  (IVilstein  and  Kupfcr, 
Ann.  C/it/n  Pharm.,  clxx.  284).  According  to  Trapp  (ihiil.  cviii,  3S6),  the 
oil  from  the  seetls  of  the  Water  Hemlock  {^Cicuta  virosa)  has  the  same  cum- 
poaitinn  aa  onmb  oil 

Oil     Coriander,  from  the  aeeds  of  Coriandrum  taUnum,  ia  aaid  to 
of  an  oxyganalad  oil  of  tba  eompoaition  C,,U„0, 

3  % 
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Oil      Gaihamim.'^Thb  oil  whieh  is  wpsrsted  llrom  Galbiamn  nsiii  by 

diHtillation  with  water  consigUof  a  dextrorotatory  t^rpene,  Unlil^  «l  160^—165* 
($20** — 3^9°  F.).     It  yielda  a  crystalline  hydrochloride. 

Oil  of  A  J  ow  an. — Thia  oil,  which  i«  distilled  from  the  fruits  of  Plychotis 
Ajowanf  an  animal  herb  grown  in  Egypt  and  Persia,  and  ebpecially  iu  ludia, 
comitti  ohiefly  of  thj/mol^  ^m^^iP*  cjfmme,  C^,!!,^.  bat  dio  appeal*  to  odd* 
tain  a  tnrpeno. 

Terpen  £8  from  Labiatjc.— Ot7       Thyme,  distilled  fimn  tbo  Thymus 

vulgaris,  the  common  garden  thyine,  has  nearly  the  name  composition  as  oil  of 
ajowan,  consisting  chiefly  of  thymol  and  cymene.  together  witk  a  l»vorotaU>rj 
terpeue  {(hymene),  boiling  ut  160° — 165°  (320° — 329"  F.). 

OU  of  SpeamM, — The  oil  eitrseted  from  the  Mmiltka  viriiia,  or  otdinaiy 
gsrden  mint,  eootuns  adeztrorotstory  terpene,  boiling  at  about  160**  (320**  F.), 
and  an  oxygenated  oil,  menthol,  C,qH,^0,  wkidi,  aooordi^g  to  Qlsdstooe,  is 
iiomeric  with  thymol,  carvol,  and  myribticol. 

Oil  of  Peppermint. — The  essential  oil  of  Mentha  piperita  appearii  to  con- 
sist of  a  terpene  and  oxygenated  compounds,  but  it  ban  not  been  satiafactoriiy 
cnunined.  When  expomd  to  a  low  temperatnre,  it  sometimes  deposits  erystsboif 
Peppermint  camphor,  C,gH„0,  alao  known  as  menthol.  Cliinesti  oil  of  psp> 
permint,  diutilled  in  Canton  from  a  plant  which  appears  to  be  Mentha  arvensi* 
var.  Javanica,  eonteins  a  con8idenU>ie  amount  of  menthol  and  a  liquid  ieo* 
nieride. 

OU  ^Ltumder,  from  Laeamdnia  ssro,  the  oomoioii  Ufcnder,  and  «U  ^ 
Spiket  distilled  in  the  sooth  of  Franes,  from  LavamdiUa  epiea,  have  not  beea 

properly  examined ;  they  contain  hydrocaibons  and  oxygenated  compounds.  A 
solid  8ubitance  is  sometimes  de{)0:4ited  from  oil  of  lavender  in  oold  weather*  whidi 
is  said  to  be  identical  with  common  c^itnphor. 

Oil  <f  Jiuiemary,  from  Rosmarinus  officinalis,  consists  almost  wholly, 
•ceording  to  Gladstons^  of  a  feebly  dextrorotatory  terpene,  boiling  at  aboot  163* 
(325**4  F.)}  aooording  to  Lsllemand,  it  is  resolved  by  distillation  into  • 
lapTorotatory  terpene  and  an  oxygenated  portion,  boiling  at  200° — 2  io'*(392*— 
410°  F.),  which  deposits  at  a  low  temperature  a  large  quantity  of  camjtlior  re- 
sembling common  camphor  in  all  res^ttf*  excepting  tiiat  it  has  less  dextro- 
rotatory power. 

Terpenesjhm  ike  Oil  ^  EueaUfptm  Ol(ibt$lMe.-~koeot6xDg  to  Faust  and 
Homier  {Deut.  ehem.  Gee*  Ber.,  vii.  1429),  about  nine-tenths  of  this  oil 

consists  of  a  mixture  of  a  terpene  boiling  at  172*' — 175°  (34i*'*6 — 347"  F.),  with 
cymene,  in  the  proportion  of  about  two  parts  of  the  former  to  one  of  the  latter; 
the  remaining  portion  conAixting  of  an  iiH)meric  terpene,  which  boils  at  abont 
151°  (303°  8  F.),  and  an  oxygenated  oil  boiling  atabootai;"  (42a°'6  F.),  whicb 
probably  hssthe  eomposition  €,,11^,0. 

Further  part'cuhn-ii  as  to  the  eseentisl  oils  may  be  obtained  by  consulting 
llaiibTirj  and  Fliickiger's  Pharmaroqraphia  (London,  1874);  Gnielin's 
Chemistry  (vol.  xiv.);  and  the  orit,'inal  papers  of  Gladstone  (Journ.  Chem, 
Soc.  [2],  II.  I.;  XX7.  i),  and  Wright  [ibid.  xxvL  549,  686;  xxvii.317,  620). 

It  will  be  evident,  ftom  what  has  jnst  been  stated,  that  onr  knowledge  of  the 
terpencs  which  are  present  in  the  vaiioos  siaentisl  oils  is  extremely  imperfect ;  ia 

fact,  it  cannot  be  said  that  any  one  of  the  terpenes,  with  the  exception  of  tereben- 
thene,  has  been  separated  in  a  state  of  purity,  and  examined  in  such  a  way  a.«  to 
thoroughly  establish  its  nature.  This  is  mainly  owing  to  ibe  great  didiculty 
of  separating  them  from  the  subitsnces  with  which  th^  sre  sssociatsd  in  tlw 
essential  mis. 

But  even  with  oar  pteMot  impniect  knowledge  it  is  evident  that  tksfe  is  a 
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close  n  iationship  between  tbe  terpene*  furnished  by  plants  of  the  same  ordt-r, 
and  it  in  not  unlikely  that  many  will  be  found  identical.  Thus  tbe  Auriuuiacea 
famiili  h3r4i«Murboaii  with  hig^  boiling  pointv  (about  175°),  whidi  leadilj  com- 
bine with  hjdfoeblorie  add,  formmg  liihydradiloridet,  moA  thanfinre  rawmUin^ 
iioterebenthene  (1270);  the  terpenes  from  the  Lauracece,  on  tho  other  hand, 
boil  uniformly  at  niuch  lower  tempentoNa  (aboot  160''),  and  appear  rather  to 
rwemble  terebenlhene  {1267). 

It  is  therefore  a  matter  of  the  utmost  importance  that  the  terpenes  from  a 
amnber  of  planti  of  tbe  eaina  order  shoold  be  carefully  comparatirely  stadied, 
their  physical  properties  det^mined,  and  their  eompounds  with  hydrochlocie 
acid,  <&c.,  investigated  in  somewhat  the  same  manner  that  terebenthene  has  re- 
cvntly  b.'en  examined  by  Riban.  It  is  difficult  to  overestimate  the  value  of  such 
an  iuveiitigution  of  the  terpone«t,  and  of  the  eAseuUal  oils  yielding  them,  regarded 
aa  a  oontribaticHi  to  the  cheuiittry  of  plant  life. 

(1279)  Ci.ouTCHOuc  OB  Indian  sttbbeb  :  (C^HJ'.— This  aubatanee  and 
(jrutta  Percha  may  be  appropriately  described  here,  since  both  are  in  a  meanure 
related  to  the  terpenes.  Caoutchouc  occurs  in  small  quantities  in  the  juices  of 
iBany  plants,  particularly  of  the  Urticacea,  £!ujpkorbiacea,  and  Apocynacea, 
Ita  diief  aoaroe,  however,  ia  the  spontaneously  solidified  milky  juioe  of  the 
MmBma  elastira,  Jatropha  eUutiea,  and  s  mh  other  tropical  plants.  As  fir>t 
procured  by  incisions  into  the  stem  of  the  plant,  it  appears  as  a  yellowish  milky 
fluid  which,  in  addition  to  caoutchouc,  contains  albumin  ;  the  albumin  can.*cs 
the  juioe  on  being  boiled  to  coa<^ulate.  When  the  fre»h  juice  is  exposed  to  ths 
ab  in  thin  filma,  it  apeedily  dries,  and  bardena  into  ehuitic  layera  of  browniah- 
jdknr  eaoatchovc  The  oaootobooo  ia  not  diaadred  in  tbe  jaice,  but  ia  merely 
avapanded  in  i^  and  when  the  liquid  is  diluted  with  water  it  rises  to  the  surfai'e 
like  cream  ;  when  once  it  has  become  Coherent  it  cannot  again  be  diffused  through 
water.  In  it8  solid  condition  it  i!»  extremely  elastic,  e.-^pecially  when  warm.  Its 
specific  gravity  varies  from  92  to  '96.  Alchongh  insoluble  in  water,  it  softens 
eonaiderablj  in  tbia  liquid  at  tbe  boiling  temperatvre,  and  ia  thereby  rendered 
mora  eaaily  acted  upon  by  aolventa.  Caontohooc  may  be  preserved  unaltered  for 
an  indefinite  time  if  excluded  from  the  light,  but  if  eipoaed  to  the  air  for  a  few 
months  in  diffused  daylight,  it  gradually  absorbs  oxyiren  and  becomes  converted 
into  a  viscid  mass  which  has  lost  ita  elasticity,  and  is  soluble  in  alcohol  (W.  A. 
Miller  on  Electric  Cables,  t/ottm.  Chem.  80c.,  1S65,  273).  Alkaline  solutions 
an  without  efleet  upon  caoutehone^  Even  dhlorine  attacks  it  very  alowly; 
whilst  concentrated  sulphuric  aciddeoompoMs  it  slowly',  concentrated  nitric  add  acta 
rapidly,  when  dilute,  however,  these  acids  are  entirely  inert.  Commetci  il  caoutchou<', 
from  the  mode  of  its  preparation,  necessarily  retains  the  albumin  and  otlier  con- 
stituents of  the  juice,  but  pure  caoutchouc  consists  wholly  of  carbon  and  hydrogen 
in  the  proportions  correqionding  with  the  eminrieal  formula,  C^U,  (Faraday). 
Thin  aubatanee,  bowerer,  ia  chiefly  a  mixture  of  two  bodiea,  one  mndi  more 
aolnble  in  ether,  benzene,  and  similar  liquids  than  the  other  (Payer). 

Caoutchnnc  is  insoluble  in  alcohol,  but  in  contact  witli  ether,  chloroform, 
carbonic  bisulphide,  coal  naphtha,  or  rectified  oil  of  turpentine,  it  first  swells 
up  very  considerably,  and  eventually  forms  a  ropy  liquiti,  which  on  evaporatuiu 
Icavea  the  eaoutchouo  with  ita  original  elaatidtf.  This  property  is  turned  to 
acmont  in  the  manufairture  cf  various  waterproof  or  **  Madutosh "  artidea. 
The  liquid  thus  formed  is  not  a  true  solution,  but  a  mixture  caused  by  the  inter- 
position  of  the  dissolved  portion  between  the  pores  of  the  insoluble  substance 
which  is  considerably  swelled  up,  and  has  thus  become  easy  to  disintegrate.  By 
employing  a  su^cient  quantity  of  these  solvents,  renewed  from  time  to  time 
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without  nn^itfltion  so  as  not  to  break  the  tumefied  portion,  the  caoutchoac  may  be 
completely  si'jKir.itod  into  two  part* — viz.,  a  gubsfjince  perfectly  soliil  lc,  diittilo, 
and  adhering  htroiigly  to  the  surface  of  bodies  to  wliich  it  is  applied ;  and 
another  substance,  elaiitic,  tenacioiu<,  and  ttpariugly  soluble.  Caoutcitouc  is  also 
diaeolved  by  the  fixed  oile,  bat  ite  elaitioity  ie  thereby  deetroyed.  Waterproof 
doth  ie  |Nnepared  by  vamiiihing  one  surface  of  a  fabric  oonetmeted  for  the 
pitrpoee»  with  a  solution  of  caoutchouc,  then  briiiginiL^  it  into  contact  with  a 
fip<  ond  sheet  similarly  prepared,  and  passini,'  tlu;  two  together  between  roUerit. 
Tlie  rreshly  cut  edges  or  surfaces  of  a  }ii(  cc  ot  caoutchouc  cohere  readily  ;  this 
property,  with  its  pliancy  and  elasticity,  t^^gether  with  its  power  of  resisting 
mort  chemical  agente,  render  it  invdoable  in  the  iabomtofj  for  forming  the 
fleziUe  tubes  and  jointe  used  in  connecting  apparatus  in  a  secure  and  air-tight 
luaniuT.  Caoutchouc  melts  at  a  heat  of  about  125°  (257"  F.)  ;  after  it  has  been 
melted  it  ddes  not  solidify  on  coolin*;,  but  forms  a  sticky  niatw  which  does  not 
become  solid  even  when  Kxpoi>ed  to  tiie  air  lor  mouths.  Owing  to  this  property 
it  fomiebee  a  valuaUe  material  hr  the  hibrieatioD  of  stopeodka  and  jcnnta 
intended  to  remmn  moveable  yet  air-tigbt.  If  caontebouc  be  heated  etrongly  in 
the  open  air  it  takes  fire,  and  bums  with  a  bright  Ituninoua  flame. 

If  distilled  in  closed  vesicle,  caoutcliouc  furnishes  a  mixture  of  several 
hydrocarbons,  an)oiit;st  which  are  isoprene,  C^Hj  (1254);  a  Icr/'t  iw  boilinj;  at 
about  170  (338°  F.),  which  Himly  ternin  caautchin;  and  a  hydrocarbon  boiling 
at  aboat  315°  (599''  F.),  jleeeene,  which  probably  hae  the  oompoeitioa  C^H,,. 
The  nature  of  the  remaining'  products  is  not  satiefiuAorily  eetablished,  but  from 
the  oompoaition  of  these  several  hydrocarlxjna  it  appears  that  the  decompositiou 
of  caoutchouc  by  heat  is  merely  the  resolution  of  a  oompler  hydrocarbon  into 
eimpler  polymeric  hydrocarbons. 

(12S0)  A  highly  valuable  uiodiiicatioo  of  caoutchouc,  discovered  by  Goodyear, 
la  known  in  the  arte  under  the  name  of  vulcanized  Indian  rubber,  which  famt 
its  almost  perfect  elasticity  at  all  temi)eratnres  Ijelow  that  of  1 1 5"  (239*  F.) 
admits  of  a  variety  of  useftil  application«.    The  cut  edges  of  this  form  of  caout- 
chonc  do  not  cohere  by  pressure,  and  it  does  not  become  adhesive  t«  other  b<xiies 
at  a  temperature  below  100°  (212**  F.).  Caoutchouc  when  imuiertseU  in  the  ibrm 
of  dieel  in  melted  sulphur  at  125*'  (257°  F.),  gradually  unlHbw  from  la  to 
15  per  ceut.  of  ite  weight  ci  eulphur,  but  it  does  not  at  thia  temperature  expert* 
ence  any  change  in  its  physical  or  chemical  properties.     If,  however,  rucH 
sulphurized  rubber  be  heated  for  a  few  minutes  to  about  150°  (302^^  F.).  the 
peculiar  elastic  modification  is  produced,  and  if  the  tempeiature  be  allowed  to 
rise  much  higher  than  this,  thu  ma.'^ti  becomes  black,  hard,  and  hon>y,  and  is 
changed  into  vuieaniU  w^onitt,  which  may  be  applied  to  many  of  the  purpoaet 
fpr  which  horn  is  fitted.   At  a  temperature  a  few  degrees  beyond  that  necessary 
to  the  production  of  vulcanite  the  ma^s  is  converted  into  a  hard  brittle  substance, 
which  at  a  hii^her  temperature  undergoes  carbonization  and  decomposition. 
Ebonite  is  largely  prepared  fur  the  mauul'acture  of  combs,  and  articles  such  aa 
were  formerly  made  of  papibr-mach^,  the  proportions  used  being  2  parts  of 
caootehouo  to  I  <^  aulphnr.    Exposure  for  some  hours  to  a  beat     fimn  i 
to  180**  (302''  to  356*  F.)  efleets  the  conversion.    Ebonite,  or  Tttlcanite,  is  one 
of  the  beet  insulators  of  electricity  that  is  known,  and  becomes  powerfully 
ne<,'aLively  electric  when  excited  by  friction.    The  elastic  vulcanized  caoutchouc 
appears  to  consist  of  a  coiubiuution  of  tl>e  original  substance  with  2  or  3  per 
cent  of  its  weight  of  solf^nr.   The  exeeea  of  sal|Aar  whUi  ia  usually  preeent 
ia  only  mechanically  distriboted  through  tbe  maaa,  and  may  be  removed  by  the 
use  of  solvents,  such  as  benzene  or  sodic  sulphite.    This  excess  of  sulphur  is 
injurious  to  the  elasticity  of  the  material,  and  {gradually  renders  it  brittle  and 
rotten.    Several  modes  of  etfectiug  the  combination  of  sulphur  with  caoutchouc 
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are  employed.  One  of  the  most  usual  consists  io  grinding  tlie  caoutchouc 
betmea  heated  roUen  with  the  proper  proportion  of  ralphur;  the  mixtnrs  of 
enonidiooc  and  iolpfanr  is  left  endued  wiih  the  properties  of  common  caoatdioac, 
and  may  be  easily  moulded  into  the  form  of  the  various  articles  required  ;  it  is 
only  on  the  applioatiori  of  a  temperature  rauo^ng  from  130**  to  150"  (266"  to 
302'  F.)  that  the  peciiliiir  properties  of  the  sulphurized  compound  are  developed. 
The  halt  ia  most  advantageously  applied  by  exposing  the  articles  to  tlie  direct 
Mtioii  of  high'pwwmre  steam  at  132**  to  137**  (270°  to  279^  F.).  A  still  easier 
method  adapted  for  thin  articles  cuu.sist->  in  immerKing  the  caoutchouc  for  a  few 
BMMnents  in  a  solution  of  i  part  of  ciiliiride  of  sulphur,  S.Cl,,  in  60  of  carbonic 
bisulphide  :  by  simple  exposure  of  the  object  thu.n  treated  to  the  air,  it  assumes 
the  character  uf  vulcanized  caoutchouc  without  the  aid  of  heat.  Tlie  addition  of 
a  efftam  proportion  of  earbonate  of  kad  to  the  preparation  ia  iSNnd  to  pnidnoe 
aa  artiele  bettor  adapted  for  aome  parpe«es,8nfih  aa  the  mannAwtore  of  overshoee 
or  goloshes,  than  one  in  whieh  euiphur  only  is  osed ;  due  proportiona  of  anlphur 
and  of  the  salt  of  lead  are  5ncorj>orat»Ml  with  the  caoutchouc  by  causinj^the  caout- 
chouc mixed  with  the  other  ingredients  to  pass  repeatedly  b»'tweeti  polished 
hollow  iron  rollers  maintained  at  a  temperature  of  about  75°  (167'^  F.),  by  the 
injection  of  steam  into  their  Interior.  Ynleaniaed  Indian  rubber  withetande 
prolonged  digextion  in  naphtha  or  turpentine-oil  without  undergoing  tK)lutioQ. 

(12S1)  OuTTA  Pebcha. — This  substance,  which  is  similar  in  chemical 
properties  to  caoutchouc,  was  introduced  into  this  country  as  an  article  of 
commerce  about  the  year  1844.  Gutta  peruha  is  the  concrete  juice  of  the 
JaononAvi  pereka,  a  tree  belonging  to  the  family  of  the  Sapotacea,  which  growa 
abmldand7iD8illg^qpfim,Bo^M(^aBdotherl8landaoftheeaaternardlip  The 
name  percha  is  that  given  by  the  Malays  to  the  tree  which  prodnci-s  it ;  it  Lrrows 
to  a  diameter  of  5  or  6  feet,  and  although  it  is  valueless  as  timlnir,  the  fruit 
yields  an  oil  tit  for  food.  (_hi  cuttin'j:  notches  through  the  b.uk  into  the  wcxhI, 
a  milky  juice  exudes,  which  speedily  solidities.  Gutta  perchn  ib  a  tough  inelastic 
eabetanee,  whieh  at  ordinaiy  temperatnree  letMns  any  shape  whieh  may  have 
beeo  impressed  upon  it,  but  somewhat  below  100°  (212''  F.)  it  becomes  ao  eoA 
that  it  may  be  moulded  like  wax,  and  indeed  may  be  employed  for  taking  casta 
and  impressions,  since  it  will  copy  the  finest  lines  with  fidelity  ;  beautiful 
mouldings,  and  a  variety  of  useful  and  ornauieutal  articles  are  thus  made  with 
great  facility.  It  also  possesses  the  valuable  property  of  welding  together  when 
ia  thia  soft  condition,  prorided  that  the  anrfaoee  are  qnite  fiee  from  anj  mm  of 
moietureL  Below  45"  (113''  F.)  it  again  becomes  bard,  and  ia  posaeieed  of  extra- 
ordinary tenacity.  It  is,  when  pure,  of  a  pale  brown  colour,  posscssini^  a 
peculiar  odour  somewhat  re-semblint;  that  of  caoutchouc.  When  rubbed  it 
becomes  negatively  electric,  and  if  dry.  it  is  an  insulator  of  electricity  j  this 
property  baa  led  to  its  eztennve  employment  in  the  cohering  of  wirea  for 
tdegmphie  puposee.  It  is  also  largely  used  as  a  waterproofing  material,  and  ia 
emj^yed  as  a  substitute  fiar  leather  in  soling  boots  and  shoes.  It  furnishes  a 
valuable  material  for  the  preparation  of  tubes  for  conveying  liquids,  and  is  like- 
wiKe  u.4ed  as  a  substitute  for  leather  in  the  oonatructiou  of  bands  ibr  driving 
machinery. 

Gntta  perdm  ia  qoite  inaolaUe  in  water;  it  ia  not  attacked  by  lineeed  oil, 
bmt  ia  diawlred  readily  by  benzene,  chloroform,  carbonic  bisulphide,  oil  of 
torpentine,  and  the  essential  oils  in  general  with  the  aid  of  heat.  If  heated 
ino<lenitely  it  melts;  and  at  a  higher  temperature  is  decomposed,  yieldiujLj  hydro- 
carbons ideutiual  wiih  those  from  caoutchouc  (Greville  WUliams).  iSolulions  of 
the  alkalies  are  witheiA  aeHon  upon  gntta  perdia.  Hydraeblorio  add,  and  dilate 
hjdiollnoris  aoid,  aa  well  aa  the  dikte  acids  in  genemi,  have  no  aetion  vpoo  it; 
heBoe  itia  empkjad  in  the  pnpantMm  of  bottiee  and  veiaela  used  kft  cootaaiuag 
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tliate  Bqnidd.    Tha  principal  drawback  to  this  use  iff  the  diflbmltf  of  prerentiii^ 

it  from  retdnlng  a  certain  do^^ree  nf  porosity,  which  alluwA  the  alow  tranRudntiun 
of  liquid:)  through  its  ma-ss.  Concentrated  nitric  acid  attack.^  and  disintegrates 
it  rapidly,  whiUt  8ulpliuric  acid  produces  the  same  effect  more  gradually. 

Puriiied  oommercial  gutta  peruha  oonsists  of  three  distinct  substances ;  the 
moat  abundant  of  theee,  the  pur^  fvUa,  wUeh  oonatitotee  from  75  to  82  per 
cent,  of  the  mass,  is  a  hydrocarbon  of  the  same  pereentago  comporitaon  as  tiie 
terpenes ;  it  is  insoluble  ii^  alcohol.  The  other  two  constituents  are  a  white 
frystalline  substum-e  termed  alhan,  Cj^H. ,(),,.  insoluble  in  cold,  but  soluble  in 
boiling  alcohol ;  and  an  amorphoas  yellow  resinous  substance  termed  JiuatU, 
CJi^O,  tolable  in  eoM  aloiSlMil.  Tbem  two  are  probably  prodooed  bj  the 
oxidation  of  the  pare  gotta,  whieh  appears  to  take  place  daring  the  eattnetion  of  the 
gutta  percha  from  the  trees.  Pure  gutta  may  be  prepared  by  exhausting  gutta 
percha  with  water  and  hydrochloric  acid,  and  treating  the  residue  with  boiling 
ether  (which  dissolves  everything  except  a  few  black  floeks),  leaving  the  filtrate 
to  cool,  pressing  the  subbtanue  which  separates,  and  repeating  the  treatment 
until  tiie  eiherenl  liquid  retains  nothing  in  solution  ailer  oooling  (Banrnhnosr). 
It  is  psrbetijr  white  when  reduced  to  a  fine  powder }  when  heated  it  enkes 
togtther,  and  at  100*^  (212°  F.)  becomes  tramparenty  whilst  at  150**  (302°  F.) 
it  bef^ins  to  melt  and  is  converted  into  a  tenacious  mass  ;  at  180°  (356^  F.)  an 
oily  liiiuid  begins  to  distil  over;  at  210°  (410°  F)  the  mass  becomes  tilled  with 
vapour-babbles,  and  at  2 So''  (536"*  F.)  it  troths  strongly.  Pure  gutta  percha 
slowly  abaorbe  oxygen  when  Mposed  to  the  combined  infldenoe  of  light  and  nir, 
and  is  gradually  converted  into  a  brittle  resin  freely  eoluble  in  hot  alcohol. 
Alter  having  undergone  this  change  it  entirely  loses  its  plastic  character,  and 
this  is  one  of  it<<  principal  defects  ;  it  may,  however,  be  preeerTcd  in  the  dark  or 
under  water,  lor  an  iudetinite  period  without  change. 

§  V.  Hydbocabbons  op  thb  C|tHjB.e,  or  Bensbnb  Sbbiis. 

During  tlic  past  few  years  more  atteutiou  has  been  paid  to 
the  hydrocarbons  of  this  series  and  their  derivatives  than  to  any 
other  group  of  compounds,  anil  their  investigation  has  furnished 
results  of  great  value,  especially  iu  connexion  with  the  problem 
of  isomerism.  The  first  term  of  this  series  is  benzene,  CgHg,  and 
a  considerable  number  of  otlicr  hvdrocarbons  exist  which  raav  be 
regarded  as  true  homoloti^iics  of  it,  since  they  exhibit  the  same 
general  properties.  Beside*  these,  a  hydrocarbon  isomeric  with 
benzene  is  known,  possessing,  however,  altogether  di^fferent  pro- 
perties, and  also  seyend  hydrocarbons  of  the  composition  Ci^H^j. 
The  latter  have  been  separated  from  certain  essential  oih,  but  it 
is  not  known  at  present  whether  they  aie  true  homolognes  of 
benzene,  or  whether  they  belong  to  an  isomeric  series. 

As  the  chief  source  of  bensene  and  several  of  its  homologues 
is  ooal-tar,  one  of  the  products  of  the  destructive  distillation  of 
coal,  it  will  be  convenient  in  this  place  to  describe  briefly  the 
process  of  distilling  coal  and  some  other  vegetable  and  animal 
substances  before  diseossuig  benaene  and  its  homologues. 
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Jkitrueihe  DiiiittaHim  of  Vegetable  SuUioHcei. 

(128a)  ProdudM  of  the  JXeOUaium  of  Coo^.— When  a  bitn- 
aunoas  ooal  is  burned  in  the  open  air,  the  principal  producte  of 
the  combustion  are  carbonic  anhydride  and  water,  with  small  quan- 
tities of  ammonia  and  sulphurous  anhydride^derived  fron|  the  nitro- 
geniied  constituents  and  the  pyrites  contained  in  the  coal;  a  certain 
portion  of  carbonaceous  matter  in  a  finely  dirided  form  escapes 
combustion,  and  constitutes  the  soot  or  risible  smoke  of  a  coal  fire. 
When,  however,  the  decomposition  of  the  coal  is  effected  in  yessels 
from  which  the  air  is  excluded,  the  products  are  much  more 
numerous  and  complicated  :  a  lai^  amount  of  volatile  matter  is 
expelled,  partly  in  the  form  of  uucoudensable  gases,  and  partly  in 
the  form  of  vapours,  which,  when  cooled  to  the  ordinary  tempera- 
ture, become  liquids  or  solids;  whilst  a  large  proportion  of  the 
cooibustible  material  remains  behind  in  the  retort,  and  forms  a 
li^ht,  porous  variety  of  coke,  known  as  gas  coke. 

Amongst  tlie  gaseous  products,  the  most  important  are  methane, 
ethylene,  hydrogen,  carbonic  oxide,  carbonic  anhydride,  sul- 
phuretted hydrogen,  and  ammonia.  The  liquid  portions  contain 
water,  and  various  hydrocarbons,  such  as  benzene,  toluene,  xylene, 
and  pseudocumeue,  which  constitute  the  chief  ingredients  of  the 
liquid  termed  coal  naphtha ;  besides  which  there  is  a  large  quantity 
of  a  dark  riscous  matter,  known  as  coal-tar. 

When  coal  gas  is  to  be  employed  for  the  purpose  of  illumi- 
nating the  interior  of  a  dweHing-house,  it  is  not  sufficient  to  con- 
dense the  tar,  the  water,  and  other  liquid  products ;  but  it  is  also 
necessary  to  remove  a  number  of  gaseous  compounds,  before  it 
can  be  burned  with  comfort,  or  even  with  safety  to  the  health  of 
the  inmates.  The  impurities  of  which  it  is  of  most  importance 
to  depriTC  it  are  sulphuretted  hydrogm  and  ammonia;  in  addition 
to  which  carbonic  anhydride  and  a  small  quantity  of  cyanogen 
are  always  removed  during  the  purification.  This  purification 
is  effected  1^  submitting  the  gas  to  the  action  of  certain 
chemical  agents,  particularly  hydrated  ferrie  oiide,  and  slaked 
lime. 

The  illuminating  power  of  coal  gas  is  due  chiefly  to  defiant 
gas  or  ethylene,  butylene,  and  acetylene,  but  it  is  increased  by  the 
presence  of  a  small  quantity  of  the  Tapour  of  some  other  com- 
pounds of  carbon  and  hydrogen.  The  hydrogen  and  carbonic  oxide 

are  not  only  destitute  in  themselves  of  any  illuminating  power, 
hut  they  reduce  the  light  of  the  gas  with  which  they  are  mixed  ; 
tkure  is,  however,  no  means  of  getting  rid  of  these  gases,  so  that 
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care  should  be  taken  to  produce  as  small  au  amount  of  them  as 
possible  duriug  the  process  of  carbonization. 

(1283)  Manufacture  and  Tur\ficaiiam  ^  Cotd  Oas. — The  oarlieist 
attempts  at  illumination  b}-  meaiiii  of  coal  {^as  were  made  bv  Mr.  Murdoch, 
during  his  residence  in  Cornwall,  alxjut  the  yt'ur  1792,  and  he  subsequently 
further  carried  out  hiii  plan,  so  as  to  illuminate  a  large  portion  of  the  manufac- 
ttny  of  BmiMon  and  Watt  at  8oho,  st  th«  Mbbratioa  of  th«  peace  of  Amiaoa  in 
1802.  Ten  yean  afterwards,  the  Chartered  Gaa  Coin|NUiy,  which  made  the 
fir»«t  great  experiment  of  lighting  the  ntreets  hy  gaa,  was  incorporated  :  and 
from  that  day  to  the  present  the  employment  of  j^ns  as  a  convenient  and  eco- 
nomical means  of  illuniination  has  been  steadily  increasing.  At  the  preseut 
time,  upwards  of  one  and  a  quarter  millioa  tone  of  coal  are  eoiiveited  into  gaa 
annually  in  London  alone  $  in  addition  to  whidi  e^eiy  large  nannlaotafiiig 
town,  and  many  of  the  smaller  towna  and  even  villages  in  Great  Britain,  are 
lighted  by  ga:« ;  the  use  of  gas  is  also  general  in  the  principal  dtiea  and  large 
towns  on  the  Continent. 

The  proportion  in  which  the  ditl'erent  prodvcU  of  the  distillation  of  coal  are 
obtained,  varies  greatly,  according  to  the  kind  of  coal  employed,  and  tiie  tem- 
peratore  at  which  the  distillation  is  condncted.    The  coal  beat  anited  to  the 
manufacture  of  gas  for  illuminating  purposes  is  of  the  variety  known  as  bitu- 
minons.    Anthracite  is  unfit  for  this  use.     The  kind  of  coal  employed  iu 
London  for  gas-making  is  principally  that  of  the  Durham  coal  field,  or  I^ciccastle 
coal,  although  it  is  not  ho  well  adapted  to  the  purpose  as  some  others,  since  it 
yields  a  gas  of  low  illominating  power,  which  has  nnially  to  be  hronght  np  to  the 
required  standard  by  an  admixture  of  cannel  gaa,  obtained  from  cannel  ooaL  A 
ton  of  good  coal  of  this  description  yields  on  an  averagt^  in  London  about  9250 
cubic  feet  of  gas  of  sp.  gr.  0  410,  and  furnishes  nearly  a  chaldron  of  coke 
weighing  about  13  cwt.    In  coking,  from  20  to  35  per  cent,  of  fuel  in  propor- 
tion  to  the  coal  used  (acoordbg  to  the  judgment  ^own  in  constructing  th« 
furnace)  is  employed.         Scotch  cannel  coals  furnish  a  gaa  <^  mudi  higher 
illuminating  power  than  that  of  the  Newcastle  coal,  and  of  greater  specifie 
gravity,  owin;^  t«  the  presence  of  a  larger  proportion  of  the  denser  hydrocarbona, 
althou^^h  the  volume  of  gas  produced  per  ton  is  somewhat  smaller,  and  the  coke 
produced  is  of  an  inferior  quality. 

391  B  general  view  of  the  arrangement  of  the  apparatus  required 
in  the  manufacture  and  purification  of  coal  gaa ;  and  the  following  u  an  outline 
of  the  process  adopted  : — 

Pit-coal  is  heated  in  hollow  flattened  cylinders  of  iron,  or  more  generally  of 
day,  B  B,  set  in  stacks  of  from  seven  to  ten,  in  long  brick  furnaccb,  ▲  The 
mouths,  c  c,  of  these  cylinders  or  retorts  project  from  the  briekwork,  and  ave 
fitted  with  moveable  lids,  which  can  he  doeed  anr-tif^t  bj  neana  of  day  lutiii^. 
From  the  upper  side  of  the  prelecting  extremity  of  each  retort,  a  tube,  <2,  for 
the  conveyance  of  the  gas,  passes  vertically  upwnrds  for  a  few  feet,  then  forming 
an  arch,  dips  downwards,  terminating  at  f\  beneath  the  level  of  the  liquid  con- 
tained in  a  long  and  wide  pipe,  J,  culled  the  ht/draulic  main,  which  paui^ea 
horiaontaQy  aloiig  the  finnt  of  tlie  range  of  furnaces.  This  pi|K>  is  kept  oon* 
atantiy  half  Ihll  of  ttr  and  condenKed  aqueous  Tupoar.  ^y  this  meeaa  Hm 
opening  into  each  retort  is  effectually  dosed  hy  a  water  valve,  which  permits  a 
chaise  to  be  drawn  and  renewed  in  any  one  or  more  of  the  retorts,  without 
interfering  with  the  operation  of  those  which  are  still  in  action.  The  tar,  as  it 
accumulates  in  the  hydraulic  main,  flows  over  into  the  tar  wells,  h,  i.  In  sbotrt 
foor  hours  atler  ehaiging  the  letort,  the  coal  will  have  given  off  neariy  all  it» 
gas,  and  a  ibsh  duurge  of  coal  will  be  leqmred ;  but  it  is  not  an  unusual  pnetioe 
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to  char^  the  retorts  only  at 
interTala  of  8ix  hours,  since 
the  gas,  although  poorer  in 
quality,  is  increased  in  quan- 
tity, and  the  coke  is  improved 
by  longer  heating.  When  a 
charge  is  to  be  drawn,  the 
tnnuth  of  the  retort  is  opened, 
and  the  coke  raked  into  large 
iron  boxes,  in  which  it  is  ex- 
tinguished by  pouring  water 
over  it  A  fret^h  supply  of  coal 
i»  then  introduced  by  means  of 
a  long  scoop,  so  that  the  whole 
of  the  required  quantity  of 
coal  is  placed  at  once  upon  the 
floor  of  the  retort,  which  is  at 
a  bright  red  heat.  The  door, 
which  has  been  prepared  with 
fresh  luting  upon  its  edges,  is 
instantly  replaced,  and  the  dis- 
tillation proceeded  with.  In 
large  gas  works  the  retorts  are 
so  arranged  that  a  fresh  set 
shall  require  charging  every 
hour,  in  order  that  the  gas 
which  is  produced  shall  at  all 
times  be  nearly  uniform  in 
quality.  The  gas  first  given 
off  is  the  best,  and  also  the 
largest  in  quantity,  the  coal 
not  having  had  time  to  rise 
to  the  full  temperature  of  the 
retort.  If  the  charge  be  ex- 
posed to  heat  for  five  hours, 
macb  of  the  gas  in  the  last 
hour  and  a  half  consists  of 
hydrogen  and  carbonic  oxide, 
the  co:il  having  become  tho- 
roughly red  hot  throughout. 

Having  deposited  in  the  hy- 
draulic main  most  of  the  tar 
and  some  water,  containing  in 
solution  a  good  deal  of  am- 
munic  carbonate  and  hydric 
sulphide,  the  gases  pass  next 
through  the  pipe,  ff,  to  the 
refrigerators  or  condensers, 
J  J,  a  series  of  serpentine  or 
contorted  tubes ;  these  are  kept 
cool  by  the  extent  of  surface 
which  they  expose  to  the  air, 
and  their  temperature,  when 
necessary,  may  be  reduced  still 
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Ibrtlur,  bjalloiraig  oold  water  ftwi  llie  dafwn,  K,to  tridtle  om  tliair  crterior: 
liere  mott  of  the  reiuiirfng  tar  and  aqueous  vapour  beeome  lepinted.    The  gat 

now  pass^  into  an  apparatus  termed  a  srruhher,  oonuisting  of  a  tower,  the 
interior  of"  which  i«  tilled  with  small  coke  resting  upon  perforated  shelve* ; 
through  this  maiM  of  porouH  material  a  coustaDt  supply  of  fre«h  water  ia  main* 
tained,  and  by  thia  anraogeiiMDt  the  gaa,  which  entera  at  the  bottom  of  the 
tower,  is  exposed  to  a  large  abaorbent  aurfaoe,  and  the  ammonia  is  eflectliattj 
removed.  This  washing,  however,  somewhat  diminishes  the  illuminating  power 
of  the  eras,  hy  removing  a  portion  of  the  vapour  of  ioine  of  the  more  oondenaaUe 
hj^drocarbuns  which  are  hi  ld  in  Huspension. 

From  the  scrubber  the  gas  pasnes  to  the  purifier*,  l  l',  which  ocmsiat  of  cast- 
iroD  veeaeb  eontaining  •  naaiiber  of  boriaoBtal  perforated  ahelvea,  ai  m,  arranged 
one  above  another;  upon  each  of  the  lower  shelves  a  mixture  of  hydrated  ferrio 
oxide  with  moisteiietl  sfiwdnst  is  placed  to  the  depth  of  about  tive  inches, 
whilst  the  upjnr  shelf  Im  usually  filled  with  dry  slaked  lime.  The  gas  eiiU-rs 
at  the  bottom  of  the  purifiers,  and  rioes  on  one  side  through  each  layer  in  suo- 
oeadon,  deaeendiog  on  tha  other  aide  of  the  pwifiar  mitil  it  inakaa  ito  asitat «. 
In  theaa  pnrifiera  tha  gaa  hwea  carbonie  add,  aolphoiettad  hjdngen,  aolpho- 
ojanogen,  cyanogen,  and  traces  of  naphthalene,  whidi  are  ttiU  aoapanded  in  it. 

Although  the  iron  method  above  described  is  now  almost  universally  adopted 
in  large  works,  the  most  eti'fctual  way  of  removing  the  nulphuretted  products 
ftom  the  gas  is  to  cause  it  to  bubble  up  through  milk  of  lime ;  but  the  heavy 
preeenre  neeeeearytodriva  the  gaa  through  the  Uqnid  ia  aooh  •  diaadvantagethiyt 
it  is  preferable,  where  lime  alone  ia  oaed,  to  ikka  it  and,  after  slightly  moistening 
it  with  water,  to  place  it  on  sieves  or  trays  in  a  manner  sitnilar  to  the  iron  oxide. 
The  spent  lime,. however,  in  both  instances  is  of  such  an  otlensive  nature  that 
these  methods  cannot  be  conveniently  u^ed  except  where  the  works  are  quite 
iaolated. 

Tha  gaa»  after  it  haa  been  parifiad,  ia  atond  up  Ibr  naa  in  imBMaaa 

laaervoirs  or  gasometers  of  metil,  p,  each  conaiBting  of  a  large  bell  of  eheetlroB, 
inverted  in  a  brickwork  tank,  q.  filled  with  water,  in  which  the  bell  rises  and 
falls.  The  bell  is  in  eiorae  casei*  nearly  couuterpoLned  by  weights  attached  to 
chains,  which  pass  over  pulleys  suitably  supported;  but  it  is  now  more  uxual  to 
aooatmat  them  ao  aa  to  riaa  and  &U  by  the  admisaion  or  eaoapa  of  the  gaa 
withoat  tha  neeeaaity  for  any  oounterpoiaa.  The  preseure,  which  is  not  usually 
allowed  to  exceed  that  of  a  O^Qmn  of  water  two  or  three  inches  in  height,  drivee 
the  gas  along  the  pipea  or  mam,  0  0^  by  which  it  ia  diatribnted  to  the  rariowa 
coneumers. 

In  the  foregoing  procees  one  of  the  points  of  greatest  importanoe  ia  tho 
dm  ragdatioa  of  the  temperature  dnring  the  dbtilhitioo.   The  latorle  ahoald 

be  heated  to  a  bright  eherry-rad.  If  they  are  inaafficiently  heated,  the  products 
will  contain  a  large  quantity  of  the  vapours  of  condensable  hydrocarbons,  which 
collecting  in  the  gasometers  and  the  distributing  pipes,  would  occasion  much  Iom 
and  inconvenience ;  whilst  if  the  temperature  is  too  high,  or  if  the  gas  after  it* 
prodnetion  ia  allowed  to  Kmain  bug  in  oontaet  with  the  highly  heated  aorfiwa  of 
the  retort,  it  undeigoea  partial  deeompoaition;  ft  poKieo  of  ita  oarbon  in  do> 
posited,  and  forms  a  dense  layer  upon  the  interioroftiie  retort,  whidl it gradaaUj 
chokes  up,  and  at  the  same  time  the  illuminating  power  of  the  (pM  ia  piopQ^ 
tionately  diminished  by  the  lo8s  of  this  caibon. 

In  addition  to  this  inconvenience,  carbonic  bisulphide  ie  formed  in  small 
quantity  (the  London  gaa  oontaina  flom  7  to  loi  giaina  in  100  enbie  feati 
Hofmann),  ettpecially  if  the  dlatiUalion  be  conducted  at  too  high  a  temperature. 
Dr.  Angus  Smith  has  proposed  the  use  of  a  solution  of  oxide  of  lead  in  causUe 
•oda,  diii'ttwd  throogh  aawduat*  for  the  pnzpoae  of  abaerbing  the  hiaulphida,  and 
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the  plao  it  to  niooeed  oo  the  large  lode  j  the  om  of  tho  ftniBoiiiMitl  Hqwar 
in  n  aerabber  to  abiorb  thie  imporitj  bae  tlio  been  ra^eeted.   When  gaa  which 

eootuns  carbonic  bisulphide  k  boraed,  a  minute  quantity  of  gulphuric  acid  is 

formed,  which  gradually  ru-cumulates  on  the  furniture  of  the  building,  on  the 
binding  of  books,  4&C.,  aud  alowljr  corrodes  and  otherwise  injures  them. 

( 1 284)  Com/Hfmdt  premi  in  Coal-tar, — Coal-tar  varies  in 
density  from  1*120  to  1*150;  the  lightest  tar  containing  the 
largest  proportioa  of  liquid  oUs.  Of  the  substances  contained  ia 
coaL-tar  some  are  basic  and  some  arid,  bat  the  principal  portion 
coosistB  of  neutral  or  indifferent  bodies. 

The  following  is  a  list  of  the  compounds  the  eiistenoe  of 
irbicb  in  coal-tar  has  been  satisfactorily  established : 


Nunc. 

Otrbonie  bisulphide ... 
Aoetie 


§  Heptane 
T  -^Oelaae 
J  Deoone 


I 


fAmjl 


^  ene 
^  [Hei^leBS 


§  JCrotonylene  ... 
7  [Hexqyleae  ... 


I^nzene 


Toluene  ... 
Panxylene 
J  ]MetaxyleQe  ... 
PKeudocameaa 
MeNtjrleno  ... 


Nsphihslene... 

Diphenyl 

Acenaphthene 

Fluori'ne  ,,, 
Anthrucene  ... 
Phenanthrene 
Pyrene 

Chfysans  ... 


Fornvki 

CS. 


§ 

.1 

I 


Phenol  ... 
Paraoeool  ••• 

Metacresol  ... 
^Orihouresol  ... 


Aniline 


X 


/  Pyridine 
Picoline 
Lutidine 
CoUidine 
PsffoUne 
Coridine 
Rubidine 
Viridiae 


\ 


fLeucoline 

1  r. 


.lepidine 
(Cryptidine 


Formula. 


C.H.0 

C,H,0 
C,H,0 
U,H.O 


CAN 


C.H^N 
C,H> 


C„H„N 
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The  (listillatioD  of  coal-tar  is  conducted  on  an  extensive  srale, 
as  a  s(  parate  branch  of  trade.  The  operation  is  perforiuod  in 
hir^e  cylindrical  iron  retorts  of  tlie  capacity  of  from  1000  to  2COO 
gallons.  The  tirst  portions  tliat  arc  volatilized  consist  chiefly  of 
ammonia,  accompanied  by  some  j)crnianent  gases  which  have  been 
dissolved  by  the  liquid  hydrocarbons.  As  the  temperature  rises, 
water  charged  with  various  ammoniacal  salts  comes  over,  and  a 
ia:tid  brown  oil  gradually  collects  upon  the  sui&ce  of  the  water 
in  the  receiver.  As  the  distillation  proceeds,  water  ceases  to  come 
over,  and  the  quantity  of  this  oil  increases,  its  density  continuing 
to  augment  until  its  specific  gravity  exceeds  that  of  water.  The 
light  oil  amounts  generally  to  from  5  to  10  per  cent,  of  the  tar. 
This  distillate  may  be  freed  from  compounds  which  rapidly 
absorb  oxygen  and  cause  the  distilled  oil  to  become  brown  on 
keeping,  by  agitation  with  a  small  portion  of  sulphuric  acid^  by 
which  these  ozidisable  products  are  converted  into  a  tenacious 
tarry  mass  denser  than  the  rest  of  the  oilj  in  which  it  is  no  longer 
soluble.  The  purified  supernatant  oil,  when  again  rectified,  con- 
stitutes coal  naphtha.  By  continuing  the  distillation  of  the  coal- 
tar,  a  yellow^  heavy  fcetid  oil,  technically  known  as  dead  oU,  is 
obtained,  the  amount  of  which  seldom  exceeds  30  per  cent,  of  the 
quantity  of  tar  employed.  In  the  latter  stages  of  the  operation, 
naphthalene  is  abundant  in  the  distillate,  and  the  oil  becomes 
8emi*solid  as  it  cools.  The  black  residue  in  the  retort  solidifies 
on  cooling,  and  forms  pitch,  which  is  employed  in  the  preparation 
of  asphalte,  and  as  a  colouring  ingredient  in  the  production  of  a 
coarse  black  varnish,  used  for  protecting  iron-work  from  rust.  If 
it  be  desired  to  carry  the  distillation  further,  a  much  higher  tem- 
perature is  required,  when  the  pitch  in  its  turn  undergoes  decom- 
position, and  yields  a  product  which,  when  cool,  has  the 
consistence  of  butter ;  it  consists  chietly  of  anthracene,  and  some 
other  hydrocarbons  nucIi  as  phcnautlircne,  acenaphthene,  and 
fluorene.  At  a  still  more  advanced  stage  of  the  process  the  dis- 
tillate acquires  a  yellow  colour,  and  assumes  the  ajipcarancc  of  a 
resin ;  whilst  as  the  temperature  of  the  retort  approaches  a  red 
heat,  the  vapours  produced  become  condensed  in  the  form  of 
a  bright  orange-coloured  powder  which  is  free  from  odour, 
and  when  pressed,  agglutinates  into  a  viscous  mass.  This  sub- 
stance consists  chiefly  of  pyrene,  C^fi-^^  and  chrysene,  CjgH^j. 
The  residue  in  the  retort,  after  it  has  ceased  to  give  off  volatile 
matters,  forms  a  hard  porous  coke^  which  is  difiicttlt  of  combus- 
tion. 

The  heavy  coal-oil,  or  dead  oil,  is  sehlom  submitted  to  further 
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pmification.  It  contains  phenol,  creaols,  aniline  and  other  basic 
substances,  besides  naphthalene  and  other  hydrocarbons  which 
boil  between  200°  and  300°  (392°  and  572°  F.),  and  which  hold  a 
considerable  quantity  of  anthracene  in  solution.  Heavy  coal 
naphtha,  or  dead  oil,  is  remarkable  for  its  antiseptic  qualities,  and 
is  employed  for  the  preservation  of  timber  for  railway  sleepers, 
&c.  It  is  also  consumed  as  a  fuel  in  lamps,  and  in  speciaiiy  con- 
structed furnaces  for  heating  purposes. 

The  light  naphtha  obtained  in  the  foregoing  process, after  being 
agitated  with  a  solution  of  caustic  soda  to  extract  the  phenol  aud 
cresols,  is  submitted  to  rectificatiou,  by  which  it  is  separated  into  a 
more  volatile  portion,  and  an  additional  quantity  of  the  heavy  oil 
containing  much  naphthalene.  It  is  usual  to  agitate  the  rectified 
portion  with  sulphuric  acid,  which  thus  acqtiires  a  deep  red 
colour,  and  removes  a  large  portion  of  the  products  which  com- 
manicate  to  the  crude  distillate  its  offensive  odour.  The  mixture, 
on  standing,  separates  into  two  layers,  the  lighter  of  which  is  the 
purified  naphtha.  When  this  liquid  is  again  submitted  to  distilla- 
tion, the  oil  which  comes  over  is  almost  free  from  naphthalene, 
and  does  not  become  coloured  bj  exposure  to  the  air.  Coal 
naphtha  thus  purified  and  sold  as  'highly  rectified,'  varies  in 
specific  gravity  from  about  0*860  to  0*900.  It  consists  of  a  mix- 
ture of  bodies  which  boil  below  200°  (392°  F.)^  and  may  be  separated 
from  each  other  by  distillation. 

Mansfield  was  the  first  (Jownt,  Chem.  Soe,,  i.  252)  to  make  a 
careful  examination  of  the  constituents  of  this  naphtha.  In  his 
experiments  be  employed  the  crude  light  naphtha,  before  it  had  been 
treated  with  sulphuric  acid ;  and  having  freed  it  from  basic  and 
acid  bodies  by  agitating  it  successively  with  dilute  sulphuric  acid 
aud  a  weak  solution  of  potassie  hydrate,  he  submitted  it  to  a  sys- 
tematic process  of  fractional  distillation.  He  thus  found  that 
at  least  five  distinct  liquids  might  be  separated  from  light  coal 
naphtha  : — i.  A  mobile  fluid  of  alliaceous  odour,  boiling  below 
70°  (158°  F.),  which  he  did  not  examine,  but  which  from  the 
recent  investigations  of  Helbing  {Ann.  Clictn.  Pharm.,  clxxii.  281) 
appears  to  be  a  mixture  of  benzene  with  carbonic  bisulphide, 
amylene,  hexyleue  and  crotonylene,  C^H^.  2.  A  fraction  boiling 
at  about  80°  (176°  ¥.),  consisting  chiefly  of  benzene,  CgHg,  but 
as  Schorlemmer  has  since  shown  {ibid,  cxxxix.  244)  also  containing 
small  quantities  of  hexoylcnc  ((255),  a  hydrocarbon  of  the  acety- 
lene series.  3.  A  portion  which  distils  at  about  113°  (235^*4 
P.),  consisting  of  toluene,  C^Hg.  4.  A  liquid  boiling  at  142° — 
143^  (7^f-6 — 293°  F.)  which  he  regarded  as  cumene^ 
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but  which  Fittig's  researches  have  proved  to  be  chiefly  para-  and 
metaxylene;  and  5.  A  liquid  boiling  at  170°— 173°  (338° — 343°'4 
F.) :  this  Mansfield  believed  to  be  cymene^  ^o^i«>  ^™  Fittig's 
experiments  it  irould  appear  to  be  impure  eumene,  ^fiir  ^ 
a  mixture  of  at  least  two  isomeric  bodies — via.,  mesitylene  and 
pseodocnmene. 

Coal-oil  does  not  seem  to  contain  any  appreciable  quantity 
of  hydrocarbons  boiling  between  170^  and  200^  (33^  *nd  392^  F.) 
(Fittig,  Deui,  ehem,  Ge$.  Ber,,  viii.  22),  whilst  of  the  higher 
fractions,  that  which  distils  at  210^ — 220°  (410^ — ^428*^  F.)  consists 
almost  entirely  of  naphthalene,  and  that  which  comes  over  between 
220*^  and  270**  (4^8**  And  518^  F.)  contsins  dipheuyl  and  a  mix- 
ture of  Uqaid  hydrocarbons  which  has  not  as  yet  been  examined. 
The  portions  of  still  higher  boiling  point  contain  acenaphtheue, 
fluorene,  anthracene,  pheoanthrene,  pyrene,  and  chrysene. 

(i  285)  Products  of  the  Distillation  of  Cannel  Coal  and  Liffnite. 
• — The  oily  product  obtained  011  distilling  boghead  orcanucl  coals 
aud  the  bituminous  shales  at  a  comparatively  low  temperature, 
consists  in  great  part  of  hydrocarbons  of  the  paradin  series  (p.  130), 
but  it  al&o  cuiitaiiiii  vuriouti  members  of  the  olehne  aud  acetylene 
series. 

Lignite,  when  distilled,  also  furnishes  paraflBns,  but  at  the  same 
time  an  acid  oil  is  produced  which  contains  phenol  and  probably 
homolog^ous  siil)stanc'cs  also. 

(i  286)   Products  of  tUe  Distillation  of  Wood. — The  substances 
which  are  formed  during  the  destructive  distillation  of  wood  in 
closed  vessels  are  very  numerous.    They  vary  with  the  nature  of 
the  wood  operated  on,  aud  the  temperature  at  which  the  distilla- 
tion is  effected.    The  decomposition  commences  slowly  at  a 
temperature  of  about  140°  (284°  F.).    The  volatile  portion  of  the 
products  includes  substances  which  are  gaseous,  as  well  as  those 
which  are  liquid  or  solid^  whilst  a  considerable  residue  of  char- 
coal  is  left  in  the  retort.    Amongst  the  gaseous  products  of  the 
distillatioUj  the  most  abundant  are  carbonic  anhydride,  carbonic 
oxide,  and  hydrogen.  Of  the  liquid  products  one  portion  is  soluble 
in  water  and  another  oily  and  insoluble.    The  soluble  portion 
consists  of  acetic  add,  methylic  alcohol  or  wood  spirit,  ethylio  alco- 
hol, allylic  alcohol,  methylic  acetate  and  acetone,  accompanied  by 
water,  and  by  other  bodies  but  imperfectly  known.   The  insolnble 
portion,  which  constitutes  10001^  iar,  is  composed  of  a  mixture  of 
various  liquids  holding  solid  matters  in  solution :  its  most  impor- 
tant constituents  are  several  hydrocarbons,  amongst  which  are 
paraffins,  bensene,  toluene,  xylene,  and  others  which  have  been 
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less  perfectly  examined,  besides  a  numl)er  of  oxidized  compouuds, 
including  *  creasote.'  Amongst  the  solid  portions  are  '  paraffin/ 
and  resinous  matters  more  or  less  resembling  colophony  ;  there 
are  also  Tarioui  other  bodies,  such  as  naphthalene,  pyzene, 
chryaene,  &c. 

The  products  obtained  at  the  lowest  temperature,  in  the  dis- 
tillation of  wood,  are  those  into  the  composition  of  which  oxygen 
enters  abundantly,  such  as  water,  acetic  and  carbonic  acids :  as 
the  temperature  rises,  compounds  containing  less  oxygen  are 
gradually  formed,  such  as  methylic  alcohol  or  wood  spirit,  acetone, 
and  creaaote ;  at  a  still  more  deyated  temperature  miona  hydro- 
carbons, such  aa  toluene,  xylene,  and  the  different  paraffina  are 
produced,  whilst  as  the  temperature  approaches  to  redness,  pure 
hydrogen  predominates. 

In  the  distillation  in  iron  cylinders  of  aii^dried  hard  woods, 
such  aa  oak  or  beech,  the  charcoal  amounts  to  about  35  per  cent, 
of  the  weight  of  the  wood  employed,  or  about  three^fifths  of  the 
quantity  of  carbon  present  in  the  wood.  The  liquid  portion, 
amounting  to  about  53  per  cent.,  contains  nearly  one-fifth  of 
the  entire  quantity  of  carbon  in  the  wood :  and  die  remaining 
portion  of  the  distillate,  consisting  of  unoondensed  gases,  carries 
off  the  remainder  of  the  carbon.  Among  the  liquid  products, 
acetic  acid  amounts  to  between  3  and  4  per  cent,  of  the  weij^ht 
ot  tiie  harder  woods,  naphtha  to  about  1  per  cent.,  and  the  tar  to 
7*5  per  ceut. 

(1287)  Stockholm  tar,  so  larjplr  used  in  shipbuilding,  is  obtained  by  a 
mde  kind  of  dlKtillation  of  the  resinous  wood  of  the  pine.  A  conical  cavity  is 
formed  in  the  bide  of  a  hillock,  the  apex  of  the  cone  being  below,  and  termi- 
Dating  in  aa  apertw  that  opens  into  a  tvovgh  leading  to  a  reaerroir  for  the  tar. 
ThB  Ula  k  filled  with  wood,  and  coverad  over  inoompletdy  with  tmf ;  the  pile 
is  lighted  at  the  top,  and  the  combustion  regulated  by  covering  it  in  more  or 
leas  conipietely  ;  the  wood  is  thun  charred  from  above  downwards,  and  the  tar 
flows  of!'  at  the  bottom,  chur<,'ed  with  a  «)nsiderable  quantity  of  rewn,  and  mixed 
with  acetic  aeid  and  oil  of  turpentine.  When  heated,  an  impure  turpentine-oil 
b  diatilled,  leaTing  a  bladt  nainoQB  anbataaee,  whiok  eonatitatet  oidinary  pUek, 
The  ipedlie  gravity  of  the  ovdinaiy  wood  tsr  of  eonuneroe  is  about  1*040. 

(1288)  Creasote  (firom  KpiaQ,  flesh,  atorrip,  presenrer).  Much 
of  the  creasote  of  commerce  is  simply  phenol,  but  the  true 
creasote  of  Beichenbach  {Pogg.  Ann,,  xxi.  57;  zxriii.  125;  udx. 
162)  is  a  distinct  substance ;  to  which  indeed  wood-smoke  owes 
its  characteristic  odoiur  and  antiseptic  qualities. 

Fn^Mmfion. — ^The  process  of  purifying  creasote  is  tedious. 
Tlie  hearier  portions  of  the  oil  obtained  from  wood  tar,  aflter 
being  waahed  with  a  solution  of  todio  carbonate,  aie  submitted 
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to  distillation^  by  which  they  are  further  separated  into  a  portion 
lighter  than  water,  and  into  another  whi(!h  sinks  iu  this  liquid. 
This  heavier  oil  is  then  treated  with  a  solution  of  potassic 
hydrate  of  sp.  gr.  i"i2,  which  dissolves  the  creasote;  the  greater 
part  of  the  hydrocarbons  which  accompanied  it  being  se|)arated. 
The  alkaline  solution,  after  being  decanted  from  the  layer  of 
oily  hydrocarbons,  is  boiled  gently  in  an  open  basin,  with  a  view 
to  oxidize  a  portion  of  the  imj)urities.  When  cold,  dilute 
sulphuric  acid  is  added  to  tlie  liquid  in  slight  excess,  by  which 
means  the  creasote  is  set  free.  It  is,  however,  far  from  being 
pure,  and  must  be  redistilled  with  water,  again  treated  with 
concentrated  solution  of  potassic  hydrate,  then  with  dilute 
aulphuric  acid,  and  finally  redistilled  with  water.  Thia  series  of 
opentiims  is  to  be  repeated  as  long  as  hydrocarbons  continue  to 
be  separated.  Lastly,  the  creasote  should  be  digested  with  calcic 
chloride,  and  distilled  by  itself  Rhenish  creasote  begins  to  boil 
at  i3o*»  (a66°  F.),  but  the  bulk  of  it  distils  at  199°— 208° 
(390°- 2 — 406*^*4  F.),  a  smaller  portion  at  ao8*^— ai6°  (406^*4 
— 420°*8  F.)>  leaving  a  dark-oolonied  residue. 

Properties, — Creasote^  wben  pore,  is  a  oolonrless  oily  liquid, 
of  high  refractive  power.  It  is  not  easfly  inflamed^  but  when 
kindled  it  bums  with  a  smoky  flame.  Its  taste  i)  burning,  and 
its  odour  extremely  pungent  foid  peculiar ;  if  swallowed  in  doses 
of  more  than  a  few  dropSj  it  acts  as  a  poison.  Creasote  is 
sparingly  soluble  in  water,  to  which  it  communicates  its  peculiar 
odour  and  pungent  taste.  It  is  freely  soluble  in  acetic  acid, 
alcohol,  and  ether,  as  well  as  in  bensene  and  carbonic  bisulphide ; 
solutions  of  the  fixed  alkalies  and  of  ammonia  also  dissolve  it. 
Creasote  immediately  coagulates  albumin,  and  is  one  of  the  most 
powerful  antiseptics  known.  Meat  that  has  been  plunged  into 
a  solution  containing  i  per  cent,  of  creasote  gradually  becomes 
dry  and  hard  on  exposure  to  the  air,  and  acquires  the  flavour  of 
smoked  meat,  but  does  not  become  putrid.  A  considerable 
portion  of  creasote  (from  i  to  1^  per  cent.)  is  held  in  s<;lution  iu 
the  cnifle  pyroligneons  acid  obtained  during  the  destructive  dis- 
tillation of  wood,  and  on  saturating  this  acid  at  75^^  (167°  F.) 
with  etilorcsced  sodie  sulphate,  an  oily  matter  which  contains  a 
large  proportion  of  creasote  is  separated.  Crude  pyroligiieous 
acid,  on  account  of  the  creasote  which  it  contains,  is  frequently 
employed  for  preserving  hams  and  salted  provisions,  to  which  it 
communicates  the  same  fiavour  as  if  they  had  been  exposed  to 
wood -smoke. 

Creasote  when  laigely  diluted  is  sometimes  given  internally 
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in  order  to  clieek  obstinate  vomiting.  If  applied  in  a  con- 
centrated form  to  the  exposed  pulp  of  a  carious  tooth,  it  fre- 
quently affords  instant  relief  in  cases  of  acntc  toothache.  In  a 
very  dilute  form,  it  is  also  a  valuable  application  in  some  cases  of 
foetid  ulcers,  and  in  many  cutaneous  affectioiiB.  If  applied  to 
the  skin  in  a  concentrated  state  it  produces  a  white  spot,  the 
akin  beoommg  diBorgauiied^  and  peeling  off  without  any  attendant 
inflammation. 

The  researches  of  Hugo  Miillerj  Gonip-Besanez,  Marasse^and 
Tieman  have  shown  that  creasote  is  a  complex  mixture  containing 
phenol,  C,H,.OH;  paracresol,  ;  phlorol,  C^U^OK; 

guaiacol^CjH^.j^^^';  creosol,C^Hj(CHJ  |q^^*;  methyiguaiacol, 

10CH  fOCH 
J  methylcreosol,  C,Hj(CH,)  j^jj*,  &c.  (see  Alcohols), 

The  rdatiTe  proportimis  of  these  compounds  vary,  howeyer,  in 
cieasotes  from  diflerent  sources.  There  are  other  oxygcaated 
compounds  present  in  wood  tar,  but  as  yet  they  have  been  but 
▼cry  imperfectly  examined  (tee  CkBruUffwme), 

(12S9)  Distillation  of  Peat. — The  products  furnished  the  destruc- 
tive diatilktion  of  peat,  which  is  formed  by  the  deoompoaition  of  vegetable 
nattsn,  is  ptobAbly  of  a  nrtmrt  aomewhat  aimilir  to  thoM  obUined  from  wood* 
Iwt  thsy  have  iwver  been  eareftJly  ezunined.    The  distillation  was  for  aomo 

time  carried  on  at  Alley,  near  Kildare,  in  furnaces  resemblincp  an  ordinary 
blatit  furnace.  The  crude  products  consist  of  tar,  above  which  is  a  watery 
liquid,  besides  pai^eous  matters.  The  tar  when  purified  by  distillation  in  a 
current  of  superheated  8team  yields  tirst  a  liquid,  then  one  which  is  pasty  when 
oold,  and  lasUy  a  solid  distillate^  whilst  aboat  5  per  oeni  of  a  porous  carbona- 
06008  mass  is  left  in  the  retort..  The  liquid  portion,  after  treatment  with 
solphDric  acid,  and  redistillation,  <^\x&>.  an  oil  fit  for  lubricating  purposes,  whilst 
solid  paraffin  may  be  extracted  from  the  pasty  portion.  The  aqoeoos  liquid 
contains  methylic  alcohol,  acetic  acid,  and  ammonia. 

(1290)  Products  qf  the  dUtiUaiion  of  Menhaden  Oil  Soap. — When 
the  lime  soap  prodoced  by  saponifying  menhaden  oil  (from  the  Alow  men- 
haden, a  sort  of  herring)  with  milk  of  lime  is  distille<l  with  excess  of  caleie 
hydrate,  a  liquid  product  is  obtained,  which  has  been  examined  by  Warren  and 
Storer  {^fem.  Amer.  Acad.,  N.S.  ix.  177).  They  have  succeeded  in  iso- 
lating the  following  hydrocarbons  from  it : 


8 


CjHjj  •••  •••  •••  39 

C/jHj^  •••          •«•  •••  •••  69 

Cjl{|g  •••          •••  9^ 

CgHjj  •••  ...  ••*  128* 
OUfine*:  CJi^ 

CjTfjij  ...          •••  «••  •••  35 

C'^H|J  ...  •••  ••*  ^5 

C'^Hj^  ••»  •••  •••  95 

CjHjj  ...          •••  ••.  ••• 
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O^fines  :  CaH^ 
C.H, 


S$droewhons  oftAe  CJB^r-t 


Approiltnatc 
B.  P.  (C«al.) 

•53° 

212  . 


80*= 


C,H, 

CjHjj        •••          •••  •••  •••  ~~ 

(1291)  Products  of  the  dUtillaiion  qf  Bomn, — In  the  preparation  of 
animal  charcoal  by  igniting  bones  in  iron  cylindert,  an  <nl  ia  obtained  whidi 
after  reetification  ia  known  as  DippeVit  animal  cU,  This  haa  been  investigated 
by  Anderson,  who  succeeded  in  isolating  numerous  substances  from  it.  Although 
small  quantities  of  i)araflini»,  benzene,  and  probably  homologous  hydrocarbons 
are  present,  it  consists  chiefly  of  a  mixture  of  nitrogenous  substances  of  a  basic 
character.  Of  these,  various  members  belonging  respectively  io  the  aeriea 
(CnH,n^,)H^  and  C„H^_,N  hava  been  iaolated,  via. : 


Methy  Limine 
Etbylaroine  . 
Propylamine 
Butylamine  . 
Angrlamine  . 


CH,.H,N 

C,H,.H,N 


Pyridine. 
Picoline  . 
Lnlidine . 
CoUidina. 


Tbe  oil  also  oontaina  aniline,  C,}I,N,  pynol,  cyi^N,  and  other  nitvQgenoaa 
aabatenoea  wbldi  are  deeompoaed  wben  heated  with  aodinm. 


(1292)  Bbkebnb.  Benzol,  or  PhenyUe  hydride,  C^Hg=78. — 
Bensene  was  origmally  obtained  by  Faraday  in  1895  ^™  the 
liquid  produced  by  the  compression  of  oil-gas^  and  was  named 
Hcarhuret  of  hydrogen ;  snbseqnently  Mitadierlich  fonnd  that  the 
liquid  obtained  by  distilliug  bensoie  acid  with  an  excess  of  lime 
contained  the  same  body^  and  be  named  it  benzine.* 

Benzene  is  produced  in  a  very  large  number  of  reactions  : 
thus  it  is  formed  amongst  other  products  when  acetylene  is  heated 
to  about  the  temperature  at  wliich  glass  softens  (Rerthelot)  : 
303112=0^11^.  The  higher  homologues  of  benzene,  and  a  number 
of  hydrocarbons,  such  as  naphthalene  and  anthracene,  also  yield 
benzene,  together  with  other  products,  when  heated  to  red- 
ness either  alone  or  mixed  with  hydrogen  (Berthelot).  ^Vhen 
phenol,  C^Hjj.OH,  is  passed  over  stronjijly  heated  zinc  dust,  benzene 
is  obtained  (Baeycr)  :  CgIIgO  +  Zn  =  CgHg  +  ZnO.  Pure  benzene 
may  be  prepared  by  carefully  distilling  benzoic  acid  with  calcic  hy- 
drate at  a  duU  red  heat:  C,HeOg+Ca(OU),=C,U0+CaCO,+Oi4; 


*  Tbe  anbataooee  which  are  now  largely  sold  under  tbe  namea  of  fancMie  and 
iBiuBtdme  an  ehiefly  mixtnree  of  paraffina  and  do  not  eontain  benaene. 
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and  similarly  all  the  benzene-carboxylic  acids,  represented  by  the 
formula  C^H^(COOH)b,  fumish  tijeosene  vheu  distilled  with 
calcic  hydrate. 

On  the  large  scale^  however,  benzene  k  always  prepared  from 
the  portion  of  coal-tar  oil  boiling  bdow  100°  (aia^  F.)  in  the 
fdlowing  manner: 

The  oil  is  tirst  agitjited  with  dilute  salpbnrio  acid,  then  with  water,  and 
ibnUj  wifh  nflk  of  lime,  or  s  wilatioii  of  lodie  bycbtleb  in  oid«r  to  ranove  all 
the  snbstanoM  of  bade  and  add  proportiea  it  nay  oontaiii.   In  order  to  separate 

hydrocarbons  of  the  CqH^q  and  CnH^a-,  aeries  which  are  always  pieseot,  it  is 
next  digested  on  the  waUr-bath  with  about  of  itn  weight  of  concentrated 
sulphuric  acid  for  8  to  lo  hours  in  a  flank  attached  to  an  inverted  condenser; 
separated  from  the  blackened  acid  ma»s,  washed  with  a  small  quantity  of  water, 
•nd  similarly  treated  a  seeond  or  even  a  third  tine ;  mtil,  in  (hot,  tiie  liquid  ia 
no  longer  coloured  by  the  aetira  of  the  acid.  It  is  then  submitted  to  fractional 
distillation,  collecting  apart  the  portion  boiling  below  90°  (194°  ^Oi  order  to 
separate  the  homologous  hydrocarbons ;  this  diHtillato  is  cookxl  to  a  low  tempera- 
tore  by  a  mixture  of  ice  and  salt :  the  benzene  then  crystallizes  out,  whilst  the 
otiier  hydrocarbons  renain  liquid,  and  may  for  the  greater  part  be  removed  by 
draining  the  ctystals  on  a  vaennm-filter.  K  the  bennene  ia  leqnired  pure,  these 
should  be  mdted  and  reeryatalUaed  two  or  three  times»  oareAilly  draining  off  the 
mother  limuNF* 

Properties  of  Benzene. — It  is  a  colourless,  very  lim])i(l,  strongly 
refracting  liquid,  of  a  peculiar  and  rather  agrct  able  oiloiir.  Its 
specific  gravity  at  0°  (32°  F.)  is  0"8995.  It  solidifies,  on  cooling, 
to  a  brilliant  white  muss  of  fcrn-likc  tufts,  which  melt  at  r°-^ 
(4i*^"9  F.).  Benzene  boils  at  Ho^  j  (i76°-9  F.),  and  emits  au 
extremely  inflammable  vapour,  which  burns  with  a  highly  luminous 
but  very  smoky  flame.  It  is  not  appreciably  soluble  in  water, 
but  is  freely  soluble  in  alcohol,  ether,  acetone,  oil  of  turpentine, 
and  many  other  media.  It  dissolves  entirely  if  heated  at  100° 
(212°  F.)  for  a  few  hours  with  4  or  5  times  its  bulk  of  sulphuric 
add^  forming  a  colourless  liquid  if  the  beDzeno  is  quite  pure. 
When  hot  it  dissolves  sulphuTj  phosphonu,  and  iodine;  it  is  also 
an  excellent  solvent  for  caoutchouc  and  g^utta-percha,  and  on 
evaporation  it  leaves  them  with  their  peculiar  physical  characten 
unaltered.  It  also  dissolves  wax  and  fatty  bodies  with  facility ; 
whilst  its  solvent  power  for  fats  and  oils  enables  it  to  be  used  with 
advantage  for  removing  grease  stains  from  articles  of  silk  or  wooL 
As  most  colloid  snbttanoes  are  insoluble  in  beniene»  it  is  of  great 
me  in  the  chemical  laboratory  for  purifying  dystalline  substances 
from  the  small  quantities  of  colouring  matters,  &c.,  which  often 
obstinately  adhere  to  them. 

When  the  vapour  of  bensene  is  passed  through  a  tube  heated 
to  bright  redness^  diphenyl,  C^^H^^  is  produced  (Berthdot), 

8  2 
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together  with  hyrlrofjon,  paradiphertylhetizeney  C^ll^{CfH^)y  an 
isomeric  body  wliich  is  probably  orthodipheiiylbenzenej  and  small 
quantities  of  other  hydrocarbons  of  unknown  composition  (Schultz, 
Arm,  Chem.  Fharm,,  cbuuy.  228).  According  to  Berthelot,  a 
mixture  of  bemeneyapour  and  ethylene  passed  through  a  red-hot 
tube  yiehk  eumamene,  CgH^,  naphthalene,  C^^fi^  ceentgphibme, 
C,j|Hjo,  anthracene,  Cj^Hjq,  and  hydrogen. 

Berthelot  also  states  that  benzene  is  not  attacked  by  sodium ; 
■when  it  ia  Keated  to  about  250°  {482°  F.)  with  potassium,  however, 
a  black  mass  is  obtained^  which  ia  highly  explosive^  and  is  violeiitly 
decomposed  by  water  (Abeljans,  Deid.  chem.  Get,  Ber,,  t.  1027). 

When  oxidised  by  the  ordinary  reagents,  bensene  does  not 
famish  oomponnds  containing  the  same  number  of  caibon  atoma^ 
bat  is  more  or  less  completely  conyerted  into  carbonic  anhydride 
and  water.  By  the  action  of  chromic  chloride,  CrOgCl^,  on  m 
solution  of  bensene  in  glacial  acetic  add,  boweTer,  trichloro^ 
gumone  is  produced  (Cantanjen) : 

CgH^   +    4CrO,Cl2    =   CgHCl^Oj         aCr^O,   +  5HCL 

When  oxidized  by  manganic  peroxide  and  sulphuric  acid,  bensene 
fbmishes,  together  with  formic  acid,  carbonic  anhydride  and 
water,  small  quantities  of  benzoic  actdy  Cgll^.COOH,  phthaUeadd, 
CqH^(C00H)2  (Carina,  ZaU,  Chmn,  [2],  iv.  503),  and  the  isomeric 
terq^hihaHc  acid  (Oudemanns,  Und.  84).  The  finrmation  of 
these  acids  has  been  shown  to  be  the  result  of  the  simoitaaeoiis 
oxidation  of  bensene  and  the  formic  add  generated  by  the  oxida- 
tion of  a  portion  of  the  benzene,  thus  : 

CjH,  +  HCOOH  +  O  =  C^Hj.COOH  +  OH^ 

ffmnm        FotnlaMsldl  BmoloMld* 

CjHj.COOn  +  HCOOH  +  O  =  CaH,(COOH)g  -f  OH^ 

BiOMlo  Mid.  Fomic  acid.  Phtbalic  add. 

According  to  Berthelot,  brnzcnc  is  almost  wholly  converted 
into  bexane,  CgH^p  when  heated  for  twenty-four  hours  to  280° 
(536°  F.)  with  80  parts  of  a  saturated  solution  of  hydriodic  acid. 
Baeyer  states  that  when  benzene  is  heated  with  dry  hydriodic 
acid  gas  even  to  350^  (662°  F.),  it  is  not  affected.  In  the  dark, 
or  in  diffused  light,  dilorine  in  presence  of  iodine  and  bromine 
both  act  slowly  on  bensene,  at  the  ordmaiy  temperature,  and 
more  rapidly  on  heating,  prodadng  mono-,  di-,  and  even  tri- 
chloro-  and  bromo-bensenes.  The  action  of  bromine  at  a  high 
temperature  gives  rise  to  tetra-  and  pentarbromobenaenes  (see 
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Haloid  derivatives  of  benzene).  Iodine  alone  has  no  action  on 
benzene,  but  when  a  mixture  of  Ijcuzene  with  iodiue  and  iodic 
acid  is  heated,  iodobenzeues  are  formed.  If,  however,  a  mixture 
of  benzene  and  chlorine  or  bromine  is  exposed  to  bright  sunshine 
instead  of  diffused  daylight,  compounds  of  these  elements  with 
beuzene  are  obtained :  the  bodies  CgHgCl^  {benzene  hexachloride, 
or  hexachlorofiexylene)  and  C^HgBrg  are  readily  separated,  but  the 
intermediate  compounds  Cgli^Cl:,,  ('gllgCl^,  Cgll^^Bro  and  CgllgBr^, 
which  without  doubt  are  simultaneously  produced,  cannot  be 
isolated  on  account  of  their  instability.  Although  benzene  is 
not  in  the  least  acted  on  hj  the  haloid  acids,  it  unites  with  hypo- 
chlorous  acid,  forming  the  compound  C0UgCl3(OU)9,  the  go-called 
irichiorkydrm  qf  phenose.  By  the  action  of  chlorous  acid  on 
benzene  the  so-called  trichlorophenomalic  acid  is  produced^ 
together  with  chiorobeniene  and  dichloroqoinone  (Carins^  Aim, 
Ckem,  PAarm,,  exlii.  129) : 

C,H,  +  3HCIO,  =  C^H^CljO^  +  OHj, 

Bmamna,       Chloroot  acid. 

B7  the  action  of  ooncentrated  nitric  addj  benzene  is  readily 
oonTerted  into  nitrobenzene,  C^Hg.NOg ;  which,  by  the  farther 
action  of  the  add^  becomes  diuirobenzene,  C^}l^{liO^)y  Ben- 
sene^  when  wanned  with  concentrated  sulphuric  add^  ftarmshes 
benzeneeuiphome  acid,  C^H^.SO^U  ;  and  the  same  acid  is  formed 
together  with  benzeneeu^onie  ehhride,  CgHg.SO^Cl,  and  benzene- 
mlphone  or  eulphobenzid,  (CgHJgSOg,  by  the  action  of  chlorhydrie 
sulphate,  SO^Cl.OH,  on  benzene.  Sulphuric  anhydride  converts 
benzene  into  benzenesulphonic  acid  and  beuzeuesulphone.  When 
heated  with  sulphuric  elilorido,  SO^Cl^  to  150°  (302°  F.),  benzene 
is  converted  into  mo7M?chlorobcnzene  : 

SOgCl,  +  CjH,  =  SO,  +  C^HjCl  +  Ha, 

dmiHtuiUm  of  Benzene.— Beaaem  behaves  in  the  majority  of 
cases  as  a  saturated  compound,  inasmuch  as  it  tend!  always  to 
form  MubeHiuiion  derivatives ;  and  when  addUwe  compounds  are 
formed  it  unites  with  at  most  eix  atoms  of  a  monad.  Kekul^  in 
1865  was  the  first  to  propose  a  consistent  theory  to  account  for 
this  peculiar  behaviour  of  lienzene.  He  supposed  that  the  six 
atoms  of  carbon  are  united  alternately  by  one  and  two  afllnities 
of  eachj  so  as  to  form  a  eloeed  eham,  and  that  the  remaining 
affinity  of  each  carbon  atom  is  saturated  with  hydrogen ;  this 
may  be  indicated  by  the  following  diagram : 
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I 

—  C 


\ 

H— C  /C— H 

\  / 

c=c 

^  k 

In  the  additive  compounds,  formed  by  tlie  addition  of  six  monad 
atoms  to  l>enzene,  the  (larbon  atoms  are  united  by  single  affiuitieSj 
but  the  closed  chain  is  preserved  ;  thus  : 

H  H 

01  Jj — k^a 

H  H 

The  hypothesis  that  the  six  atoms  of  hydrogen  are  of  equal 
value  was  also  adopted  as  the  simplest  and  most  probable,  and 
this  has  smce  been  abundantly  justified  by  the  fact  that  no 
isomeric  mono-aubstitation  derivatives  have  been  obtained  from 
benzene.  Several  isomeric  modificationa  of  the  higher  substitution 
dfirivatiTes  were  Imown  to  exist  however,  and  Kekul^  explained  this 
in  a  very  simple  manner  by  supposing  the  phenomena  to  be  due 
to  a  difference  in  the  zelatiTe  positions  of  the  substituting  radicles. 
Thns^  if  for  oonyemenoe  of  rdference  the  six  atoDos  of  carbon  are 
indicated  respectively  by  the  figures  a,  3«  4»  5  and  6,  and  we 
suppose  that  in  monobromobenzene,  for  exam^,  the  bromine 
oocapies  the  position  then  according  as  a  second  atom  of  the 
bromine  is  introduced  in  the  position  $tOt  4,  we  obtain  three 
dibromobensenes^  in  which  the  bromine  atoms  occupy  relatiTely 
different  positions : 

Br.  Br  Br 

c  c  c 

/^v  /^v 

HC«       iCBr  HCe       aCH  HCc  «CU 

!      !  II      I  II  I 

UCi       sCU  UC6       sCBr  HGf  sCH 

V  ^c/ 

H  H  Br 

Br:Br=i:a         Br:  Br  =1:3  Br:BrsJ:4 
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Kekule  supposed  that  the  positions  5  and  6  were  relatively  identical 
with  2  and  3,  and  therefore  that  only  three  iaomieric  di-derivatives 
of  benzene  were  poasible.*  It  has,  howew,  been  urged  that  in 
this  scheme  the  positions  2  and  6  cannot  be  identical,  because  in 
the  one  case  the  two  carbon  atoms  (1  and  2)  are  united  by  double 
affinities  and  in  the  other  (i  and  6)  by  single  affinities,  and  that 
acoordingly/otir  isomeric  di^erivatives  should  exist ;  but  inasmuch 
as  only  three  have  ever  been  obtained,  it  has  therefore  been  pro* 
posed  to  sliglitly  modify  Keknl^s  hypothesis,  and  to  suppose 
tiiat  each  atom  of  eaxixm  is  in  direct  union  irith  three  other 
caihoii  atomii  somewhat  in  the  manner  indicated  hy  the  diagram : 


H 


H 


AH  other  facts  with  regard  to  beniene  are  capable  of  expres- 
sion by  this  formula^  and  the  impression  is  gaining  ground  that 
it  merits  the  preference  over  that  originally  proposed  by  Kekul^ 
aa  a  graphic  representation  of  the  known  reactions  of  benzene. 
(See  SwmMory  of  the  Action  nj  Reagents  on  Benzene,)  What- 
ever hypothesis  we  accept  aa  to  the  mode  of  union  of  the 
Garhon  atoma  in  bensene,  however,  Kekul^'a  original  explanation 
of  the  cause  of  isomerism  among  the  benaene  deriTatives  still 
holds  good.  Moreover,  the  constitution  of  the  isomeric  benaene 
derivatives  may  he  conveniently  expressed  graphically,  without 
reference  to  the  constitution  of  benaene  itself,  by  the  employ- 
ment of  a  simple  hexagon  to  represent  benaene,  the  substituting 
radidea  merely  being  written  at  the  comerB  in  their  appropriate 
poaitiona,  thus : 

Br  Br  Br  Br 


*  Kekule  has  discoawd  at  length  the  reuont  whieh  lead  hhn  to  regard  the 
poutions  3  tad  6  as  idestioal}  and  sa  aoooont  of  his  viewa  will  bs £mnd  hi 
Watte*  Diskionsiy  of  CflMinistiy,'*  Seoond  SafflsnMot,  p.  133. 
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Determination  of  the  Constitution  of  Btnzene  Derivatives. — 
Kckule's  explanation  of  isomerism  lias  not  only  been  almost  uni- 
versally accepted,  but  much  attention  has  been  devoted  by 
chemists  for  several  years  past  to  the  determination  of  the  rela- 
tive positions  which  the  radicles  occupy  in  the  various  substitu- 
tion derivatives  of  l)cnzene. 

Obviously,  it  would  appear  to  be  a  simple  matter  to  arrange 
all  the  derivatives  in  which  substitution  has  taken  place  to  the 
same  degree  in  groups^  in  such  a  manner  that  each  group  shall 
only  contain  substances  which  are  convertible  either  into  one  an- 
other, or  into  a  third  body  in  which  substitution  has  also  taken 
place  to  the  same  degree,  provided  that  in  the  formation  of  the 
one  from  the  other,  isomeric  change,  or  change  of  position  of  the 
radicles,  has  not  taken  place.  These  substances  may  all  be  re- 
garded as  members  of  one  gronp ;  and  if  the  constitution  of  any 
one  member  of  such  a  gronp  can  be  determined,  it  is  clear  that 
we  are  then  in  a  position  to  infer  that  of  the  other  membeis. 
Notwithstanding  the  apparent  simplicity  of  the  problem,  chemists 
long  differed  greatly  as  to  the  arrangement  of  the  Tarions  ben- 
zene derivatiTes  in  groups  of  similarly  constituted  bodies,  and 
have  only  recently  arrived  at  a  satisfactory  result.  The  problem 
of  the  determination  of  the  constitution  of  the  members  of  the 
various  groups,  which  it  need  scarcely  be  said  is  &r  more  diflScult, 
has  also  given  rise  to  much  discussion. 

According  to  Kekul^'s  hypothesis,  as  above  stated,  although 
isomeric  mono-derivatives  of  benzene  cannot  exist,  the  di-deri- 
vatives  are  capable  of  existing  in  three  isomeric  modifications  ; 
and  the  experimental  results  hitherto  obtained  are  in  complete 
accordance  with  theory  in  this  respect.  It  has  been  very 
generally  the  custom  to  refer  the  di-derivativcs  of  Ix^nzene  to 
the  three  isonu-ric  benzenedicarboTij/ic  acids :  Phttialic  acidy 
Isophthalic  acid  and  Tcnjihthaiic  acid,  whicii  are  formed  from 
benzeue  by  the  displacement  of  two  hydrogen  atoms  by  two  of 
the  monad  groups  (CO.OII),  because  the  constitution  of  these 
compounds  first  came  under  discussiou.  Phthalic  acid  is  obtained 
by  the  oxidation  of  naphthalene,  C,„  H^,  and  jus  (iracbc's  researches 
have  shown  that  this  hydrocarbon  may  be  regarded  as  com- 
posed of  two  benzene-nuclei  having  two  atoms  of  carbon  in 
common  ;  and  as,  moreover,  he  considered  that  these  two  atoma 
common  to  the  two  nuclei  were  contiguous,  he  was  necessarily 
led  to  the  conclusion  that  the  carboxyl  groups  in  phthalic  acid 
were  also  contiguous,  and  graphically  represented  naphthalene  and 
phthalic  acid  by  the  followiug  diagrams : 
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H-C  C  C— II      H-C  C-COOH 

111         i  II 

H-C  r,  ^C— H      H-C.  ,C— COOH 

\/ V  V 

I         I  I 

H         H  H 

NijlirtMln.  PMlMllo  add. 

This  conclusion  as  to  the  constitution  of  phthalic  add  was 
ftrengthened      the  observation  that  phthalic  acid  is  readily 

converted  into  phthalic  anhydride,  C^H^  |  CO  |      whilst  the 

isomeric  acids  do  not  yield  anhydrides,  it  being  supposed  that 
oontigmty  of  the  carboxyl  groups,  if  not  absolutely  essential,  was 
at  least  likely  to  favour  the  formation  of  an  anhydride. 

Isophthidic  acid  is  formed  by  the  oxidation  of  the  modification 
of  Smetkyibenzme  known  as  uogykne,  and  this  latter  is  obtained 
by  distilling  a  miztnre  of  csksic  hydrate  irith  the  so-called  meii- 
iffleme  acid,  C^U^  (CH3)j^C00H,  fonned  by  oxidatkm  of  mesUi/- 
Inie.  Mesitylene  is  a  trimetkyWenzene  which  is  obtained  firom 
acetone,  CH3.CO.CH3,  by  the  action  of  sulphuric  acid ;  3  mole- 
coles  of  acetone  losing  the  elements  of  3  molecules  of  water, 
and  uniting  to  form  a  molecule  of  mesitylene : 

SC^H.O  =  C,H,,  +  3OH,. 
Bacyer  pointed  out  that  if  it  be  supposed  that  two  atoms  of 
hydrogen  are  split  off  from  one  of  the  methyl  groups  of  each 
molecule  of  acetone  together  with  oxygen,  and  that  the  residues 
coalesee,  a  trimethylbenzene  would  be  formed  in  whiphr^^t^QC 
methyl-groups  are  symmetrically  disposed,  thus  i  ^ 


CHjCCCH,  -  OH,   =  CH,.C.ck,-  -''^211^ 
H 

C  CH,C  CCH. 
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If  this  hypothesis  be  correct  it  will  readily  be  seen  that  which- 
ever of  these  incthyl-grouj)s  is  oxidized  to  carboxyl,  a  dimcthyl- 
beiizeiiecar  boxy  lie  acid  must  be  obtained  in  which  the  methyl- 
groups  are  relatively  in  the  position  i  :  3.  The  dimethylbeuzene 
obtained  from  this  acid  must  also  have  tlie  same  constitution, 
and  on  oxidation  will  yield  an  acid  in  which  the  carboxjl-groups 
are  in  the  poaition  1  :  3^  thus : 


CH, 

C. 

/\ 
HC  CH 


COOHC 


H 

aiMliyleaioMid. 


CCH, 


CII, 

y  \ 

HC  CH 

I  II 
HC  CCH, 

H 

iMzjleoe. 


COOH 

/\ 

HC  CH 


HC  CCOOH 
H 


The  pontion  of  ih6  eazboxyl-groups  in  phibalic  add  being 
I :  %,  and  in  iaophthalic  acid  i  :  5*  it  noceaaarilj  foUowa  that  in 
terephthalic  acid  they  are  aa  i  :  4*  All  di-deriyatiTea  1^  beniene 
which  belong  to  the  flame  gronp  aa  phthalic  acid  may  tiien  be 
anppoaed  to  liave  the  anbetitnting  radicles  in  the  position  i :  a ; 
those  which  belong  to  the  isophthalic  group  in  the  position  1:3; 
and  finally  those  which  belong  to  the  terephthalic  pproup  in  the 
position  I  :  4.  Chemists  are  now  very  generally  agreed  in  assigning 
the  arbitrary  prefix  ortho  to  the  i  :  2  derivatives ;  to  the  1  :  3 
derivatives  the  term  meta ;  whilst  the  i  :  4  derivatives  are  called 
/^ara-derivatives,  although  up  to  within  a  recent  period  these 
terms  have  been  very  indiscriminately  employed.  It  is  very 
convenient  also,  in  describing  tlie  constitution  of  the  benzene 
derivatives,  to  speak  of  the  positions  2  and  6  as  the  orMo-positions ; 
the  positions  3  and  5  as  the  me/a-positions ;  and  the  position  4  as 
the  ;;ara-position :  it  being  understood  that  this  is  relatively  to 
the  position  1. 


(Ortho-podyoD.)  m 


(OrUio>pQiition4 
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Korner  has  recently  raised  an  objection  to  the  hypothesis  on 
which  the  determination  of  the  constitution  of  phthalic  acid 
rests :  that  the  proof  does  not  hold  good  unless  we  assume  that 
the  two  atoms  of  carbon  in  naphthalene  common  to  the  two 
benzciie-iiuclei  are  contiguous.  There  is  no  cogent  reason  why 
these  should  not  be  regarded  as  occupying  the  relative  position  i  :  3, 
or  I  :  4,  and  if  sucli  were  the  case  phthalic  acid  would  have  a 
different  constitution  to  that  assigned  to  it  by  Graebe.  He  has 
also  pointed  out  that  the  inference  that  mesitylene  is  a  symme- 
trically constituted  trimethylbenzene  is  scarcely  admissible,  since 
the  application  of  a  similar  process  of  reasoning  in  a  perfectly 
parallel  case  leads  to  a  conclusion  which  is  known  to  be  false. 
Thus,  when  benzene  hexabromide  H^Br^,  is  txeated  with  potassio 
hydrate,  it  is  very  readily  resolved  into  a  tribiomobemeney 
CgHjBr,.  There  can  be  no  doubt  that  the  six  atoms  of  bromine 
in  the  hezabromide  are  symmetricalljr  distribated,  and  adopting 
a  similar  hypothesis  to  that  of  Baeyer,  it  would  appear  most 
probable  that  the  three  molecules  of  hydiobromic  acid  are 
removed  in  such  a  manner  as  to  faniiah  a  lymmetrical  tribromo- 
benxene;  thna: 

HBr  Br 

/'\  /\ 

BrHC  CHBr  HC  CH 

I  I         -   3HBr   =      J  I 

BrHC         ^CHBr  BrC^  .CBr 

\</  V 

•     HBr  H 


Koruer  has  shown,  however,  that  the  tribromobenzene  which  is 
formed  has  the  bromine  atoms  relatively  in  the  positions  1:2:4. 
Tt  is  therefore  not  impossible  that,  in  the  formation  of  mesitylene 
frurn  acetone,  isomeric  change  may  have  occurred,  especially  as 
the  reaction  takes  place  at  a  comparatively  high  temperature, 
and  under  the  influence  of  an  extremely  powerful  reagent. 

In  face  of  these  very  legitimate  objections,  Korner  has 
■ought  to  determine  the  constitution  of  the  di-derivatives  of 
benzene  entirely  without  the  aid  of  substances  containing  a 
greater  number  of  carbon  atoms  than  benzene.  The  method 
which  he  has  employed  is  to  convert  the  three  isomeric  dibremo* 
benzenes  into  tribromobenzenes.  The  six  atoms  of  hydrogen  in 
benzene  being  of  eqnal  value,  only  tkree  iiomerio  modifioatiGDS  of 


Digitized  by  Google 


268 


CONSTITUTION  OF  BBNZSNB. 


[11192. 


tribromobenzene  can  exist — namely,  1:2:3,  1:2:4,  and 
^  '  3  '  5f  ^  will  be  evident  on  inspection  of  the  accompany- 
ing figures,  the  modification  of  dibromobenzene  in  which  the 
bromine  atoms  arc  in  the  jxwition  i  :  2  may  give  rise  to  the  for- 
mation of  two  of  the  three  possible  tribromobcnzenes ;  the  modi- 
fication I  :  3  can,  however,  furnish  three  tribromobcnzenes; 
whilst  only  one  tribromobeuzeiie  can  be  obtained  firom  the  modi- 
fication 1:4: 


Br  Br  "Br 


Br  Br 

Br 

Br 

Br 

Br 

Ab,  Ab, 

A 

Br 

n 

/\ 

Br 

BrV, ^Br 

Br 

Br 

Br 

i:a:4  1:2:3 

i:«:3 

•  1-3:5 

I 

:3:4 

or  1 :2:4 


Or  in  otber  wotdt,  one  of  the  tribromobenzenea  (the  modifi- 
cation 1:3:5)  can  only  be  obtained  from  the  1  :  3  modification 

of  dibromobenzene ;  whereas  a  second  tribromobenzene  (1  :  2  :  $) 
can  be  obtained  from  the  1  :  2  and  t  :  3  modifications  of  dibro- 
mobenzene, and  the  third  tribromobenzene  (1:2:4)  can  be 
obtained  from  each  of  tlie  three  modilic  iLions  of  dibromobenzene. 
Korner  finds  that  the  tribromobenzene  from  benzene  hexabroniiile 
can  be  formed  from  each  of  the  three  dibromobenzenes,  and 
conchidcs  therefore  that  it  has  the  constitution  1:2:4;  the 
tribromobenzene  obtained  by  displacing  the  NH3  group  in 
ordinary  tribromanilinc,  C^^H2Br3.NH2,  by  hydrogen  is  only 
procurable  from  one  of  the  dil)r()mobenzeues,  and  the  conclusion 
is  obvious  that  it  has  the  constitution  1:3:5,  and  that  the 
dibromobenzene  from  which  it  may  be  derived  is  1:3;  the 
third  tribromobenzene  can  be  prepared  from  two  of  the  dibromo« 
benzenes,  and 'its  constitution  is  therefore  1:2:3,  and  since  it 
is  known  which  of  these  dibromobensenes  is  the  x  :  3  modifica- 
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tion,  it  follows  that  the  other  is  the  i  :  2,  and  alao  that  the 
remaining  dibromobenzene  is  the  i  :  4  modification. 

The  I  :  4  modification,  or  /?ara-dibromobenzene,  is  the  crys- 
talline dibromobenzene  produced  by  the  action  of  bromine  on 
benzene ;  the  i  :  3  modification^  or  me^o-dibromobenzene.  Is 
formed  by  displacing  the  NHo  ^onp  in  ordinary  dibromaniline, 
C^HsBr^.NHji  by  hydrogen,  and  is  liquid ;  the  [  :  2  modification, 
or  or/Ao-dibromobenzene,  which  is  also  liquid,  is  formed  in  small 
quantity  together  with  panditaromobeniene  by  the  action  of 
bromine  on  benzene. 

On  dizplacipg  the  bromine  in  paradibKomobeniene  by  methyl, 
bj  the  ectbn  of  methyl  iodide  and  sodium : 

C.H.Br,  +  aCH^      4N»   =    C,H,(CHJ,  +  zNal  +  sNaBr, 


aud  oxidizing  the  resulting  dimethylbcuzenc,  terephthalic  add  is 
obtained.  Similarly,  metadibromobenzene  furnishes  the  ethylic 
ether  of  isophthalic  acid  when  acted  upon  with  ethylic  chloro- 
carbonate  and  sodium  : 

Cja^^  -¥  2GICO.OOA     4Na>  C,H,(OO.OC^j,  +  sNaBr  4-  aNaCt 


Korner's  researches  therefore  confinn  the  previous  conclusions  as 
to  the  constitution  of  the  benzenedicarboxylic  acids, 

"With  reheard  to  the  number  of  isomeric  modifications  of  the 
higher  substitution  derivatives  of  benzene,  it  has  already  been 
pointed  out  that  only  three  tri-derivativcs  can  exist,  supjx^sing  the 
subatituting  radicles  to  be  the  same  ;  but  if  two  different  radicles 
are  introduced,  no  less  than  six  modifications  are  possible :  for 
example,  theoreticaUy  only  one  nitrodibromobenzene  can  be  ob- 
tained from  paradibromobenzene,  but  orthodibromobenzene  can 
fitnush  two  and  metadibromobenaene  ikree  nitrodibromobensenes, 
Tis.: 

Pteadibromobenzene  Nitroparadibromobeiutene  ^'^'j^ 


Metadibromobenzene    ^  '  ^    Nitrometadibromobenzene , ^  - 

I  :  3 


f  a  I  :  2  :  3 
^  J  Br:Br:N( 
*  1*  1:3:4 
\^  I  !  3  I  5 


Br  :  Br 
I  :  3 


l^itnvthodibnmiobeiuane  l  '  I 

Vfhea  three  dissimflar  radicles  axe  introduced,  however,  no  leas 
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than  ten  isomeric  modifications  become  possible.  In  the  case  of 
the  tetra-derivatiyes^  when  all  the  radicles  are  the  uaoib,  only  ikree 
modificatioiiB  can  be  produced — yin,/  1:2:3:4,  1:2:4:5, 
and  ]  33:4:5;  hut  when  two  or  more  diaaimilar  radicles  are 
praentj  a  far  greater  number  of  iKHneridee  are  possible.  Isomeric 
penta-  and  hexa-derivativcs  of  benaene  cannot  enst  tcooiding  to 
Keknl^s  hypothesis. 

ExperimetUal  Emdenee  ^4  the  ConriUuium  qf  Beiusaie,^ 
Keknl^s  hypothesis  involTes  tiie  assumption  that  the  six  atoms 
of  hydrogen  in  benzene  are  of  equal  value;  but,  supposing^  one  cf 
them  to  be  displaced^  the  mnaining  five  are  of  diflfeient  Talne 
relatiydy  to  the  radide  introduced :  of  these  fiye>  two  pain  bear 
respectively  similar  rebttions  to  the  radicle^  whilst  there  is  no 
second  atom  of  hydrogen  oonesponding  with  the  fifth  (that  in 
the  so-called  para-position).  Thus,  on  inspection  Hie  following 
figure  representing  phenol,  C^H^.OH,  it  will  be  seen  that  the 
psir  of  hydrogen  atoms  marked  2  and  6  are  similarly  situated  us 
regards  the  OH  group,  and  that  a  second  pair  exists  (3  and  5) 
also  similarly  related  to  the  OH  group,  although  the  relation  of 
the  first  and  second  pairs  to  the  Oil  group  is  different : 


OH 


H 


Kccent  researches  show,  moreover,  that  these  assumptionaare 
strictly  in  accordance  with  fsu^ts.  It  has  already  been  mentioned 
that  the  existence  of  isomeric  mono*derivatives  of  benaene  has 
never  been  demonstrated^  but  it  is  of  especial  importance  to  note 
that  all  direct  attempts  to  prepare  them  have  fidled.  Thus 
Huebner  and  Alsberg  (Ann*  Chem,  Pharm.,  dvi.  308)  have  shown 
that  both  the  bromonitrobenzenes,  C^H^Br.NO,,  obtained  by 
the  action  of  nitric  acid  on  bromobensene,  C^H^Br^  yield  the 
same  amidobensene  or  aniline^  CgHg.NH,,  when  they  are 
reduced  to  bromanilines^  and  the  bromine  is  displaced  by  hy- 
drogen ;  and  that  this  aniline  is  identical  with  that  from  mlro- 
henzene,  CqH^.NO^  Even  if,  as  is  probable^  the  same  atom  of 
hydrogen  in  benaene  is  displaced,  whether  it  be  acted  on  with  * 
bromine  or  nitric  acid,  there  can  be  no  doubt  that  difoent  atoms 


« 
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of  hydrogen  are  displaced  by  the  NO^  group  in  the  formation  of 
nitrobenzene,  and  of  the  two  nitrobromobcnzcnes  from  bromo- 
benzene;  hut  as  the  anilines  from  these  three  sources  are 
identical,  it  may  be  concluded  with  certainty  that  at  least  three 
of  the  hydrogen  atoms  in  benzene  are  of  the  same  value,  and  that 
the  others  also  probably  are,  since  it  is  extremely  unlikely  according 
to  our  experience  that,  if  this  were  not  the  case,  identical  substances 
would  be  obtained  in  the  throe  instances  above  described  ;  thus 
it  will  l>e  recollected  tliat  in  the  case  of  the  normal  paraffins,  in 
which  W6  regard  the  hydrogen  atoms  as  not  all  relatively  of  the 
aune  Ytlue,  isomeric  monochlozinated  derivatives  are  obtained  by 
the  action  of  cliknine  (p.  149). 

The  following  experiments  may  be  regarded  as  affording 
deeisiYe  proof  of  the  existence  of  pairs  of  hydrogen  atoms  of  equd 
value.  Aooording  to  Huebner  and  Petermann  {ibid,  cxlix.  1 29), 
when  metabromobenzoic  acid  is  nitrated,  two  isomeric  orthonitro* 
wieia6romobenzoic  acid$  an  obtained  both  qf  which  yield  arih- 
mmdobeiuNne  aeUi  m  redneikm,  thus  proving  that  two  of  the  atoms 
of  hydrogen  in  benioie  add  are  symmetrically  situated  relatively 
to  the  COOH  group,  and  that  therefore  in  the  language  of 
Kekol^s  hypothesis,  the  positions  i  :  a  and  i  :  6  are  identical. 
Tbk  will  perhaps  be  better  nnderstood  on  reference  to  the  fol- 
lowing fignres : 


COOH 


COOH  COOH 


Metatiramo-  a-NitroroeUbromO" 
beiuotc  Kid.       beozuic  acid. 


OrtkaaidolMitMie 


A  proof  of  the  existence  of  a  second  pair  of  similarly  related 
hydrogen  atoms  is  given  by  Wroblevsky's  recent  experiments 
{DeiU.  ehem.  Gee,  Ber.,  viii.  573).  He  has  shown  that  by  the 
action  of  bromine  on  the  aretyUderivative  of  paramidotoluene  (Fig. 
I.  p.  272),  the  corresponding  derivative  of  a  bromoparamidotoluene 
is  obtained,  which  furnishes  metabromotoluene  {Fig.  11.),  when  the 
amido-groap,  NHy  is  displaced  by  hydrogen.  Starting  with 
this  metabromopanunidotolnene  (Fig.  iii.),  he  has  successively 
oonverted  it  into  nitrobromanudotoluene  (Fig.  iv.),  nitrobromo- 
tdnene  (Fig.  v.)^  amidohtomotolnene  (Fig.  vi.),  and  amidotoluene 
(Fig.  TO.) ;  the  amidotoluene  thus  produced  was  found  to  be 
meiaemdotcktene,  and  to  fbmish  meiubromotohiene  (Fig.  viii.), 
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when  bromine  was  introduced  in  place  of  the  NHg  group.  The 
course  of  this  somewhat  complex  series  of  reactions,  and  the 
nature  of  the  proof  of  the  existence  of  the  meta-position  twice 
which  it  afibidsj  will  be  evident  on  inspection  of  the  following 
figures: 


I.  n.  in.  nr. 


The  existence  of  two  pairs  of  atoms  of  hydrogen  respectively 
of  equal  value  as  regards  the  radicle  in  any  given  mono-derivative 
of  benzene  having  been  expcrimentaUy  demonstrated^  it  may  also 
be  proved  by  experimental  evidence,  as  Ladenburg  has  shown 
{ibid,  vii.  1684),  that  the  six  atoms  of  hydrogen  in  benzene  are 
of  eqnal  vslue.  The  proof  in  question  is  based  on  tiie  foUowing 
propositions : 

1.  The  csrbozyl-group  in  benioic  acid,  CfH,.COOH,  displaces 
the  same  hydrogen  atom,  a,  as  the  hydrozyl-group  in  phenol^ 
CgHg.OH,  since  phenol  may  be  converted  by  the  action  of  ]Aos- 
phoric  bromide  into  bromobensene,  C^H^Br,  which  furnishes 
bensoic  acid  on  treatment  with  carbonic  anhydride  and  sodium : 

C,H,Br  +  aNa  +  CO,  =  CJL.COONa  +  NaBr. 

2.  In  the  three  ozybensoic  acids,  GQH4.OH.COOH,  the  OH 
group  displaces  tiiree  hydrof;en  atoms,  b,  c,  and  d,  diffisrent  horn 
a  and  from  eadi  otiier.  No  other  reasonable  explanation  of  the 
isomerism  amongst  the  tiiree  acids  in  question  can  be  given  than 
by  supposing  that  the  OH  group  in  them  displaces  three  hydrogen 
atoms,  b,  c  and  d,  diflferentiy  placed  relatively  to  a,  and  Bmlatein 
lias  shown  that  the  bensoic  acid  obtained  by  displacing  the 
Oil  group  in  salicylic  and  paraoxybensoic  acid  by  hydrogen  is 
identical  with  ordinary  benzoic  acid ;  hence  there  can  be  no  doubt 
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tbat  in  tbese  acids  the  carboxyl  group  displaces  the  hydrogen 
atom  a.  \Vc  may  infer  that  tliis  is  also  the  case  with  oxyhcnzoic 
acid,  from  the  fact  that  it  cau  be  pi^cured  from  benzoic  acid  by  a 
Yariety  of  methods, 

3.  The  phenols  from  the  three  oxybenzoic  acids  are  ideutical 
amongst  themselves  and  with  ordinary  phenol ;  hence  the  four 
atoms  of  hydrogen,  a,  b,  c,  and  d,  in  benzene  are  of  etpial  value, 
Ladenburg  has  himself  proved,  by  carefully  comparing  the  phenols 
from  the  several  sources,  that  they  are  ideutical. 

4.  Since  the  three  atoms  of  hydrogen,  b,  c,  and  d,  in  benzoic 
acid  cannot  be  symmetrically  situated  with  reference  to  the 
carboxyl  group  which  haa  displaced  a,  (inasmuch  as  otherwise 
three  isomeric  oxybenzoic  acids  could  not  be  obtained  by  their 
diaplaoement  by  OM,)  and  it  has  been  proYed  that  there  are  two 
symmetrical  pairs  of  hydrogen  atoms  in  any  given  mono-derivative 
of  benzene,  it  follows  that  there  are  two  atoms  of  hydrogen,  e  and 
f,  by  the  displacement  of  which  by  OH,  oxybensoic  acids  must  be 
obtained  identical  with  those  aiieady  known.  But  according  to 
Huebner  and  Fetermann's  and  Wioblevsky's  experiments,  the 
adds  which  would  be  thus  formed  are  salicylic  and  oxybenxoic 
acids,  and  these,  it  need  scarcely  be  said,  would  yield  phenols 
identical  with  those  previously  obtained.  It  can  thus  be  shown 
that  we  may  displace  each  of  the  six  atoms  of  hydrogen  in 
bensene  by  OH,  and  yet  always  obtain  the  same  phenol :  hence 
only  one  phenol  can  exist,  and  moreover  the  six  atoms  of 
hydrogen  in  benzene  are  of  equal  value. 

Ladenburg  has  also  recently  shown  beyond  question  that 
mcsitylcnc  is  a  symmetrically  constituted  trimethylbeuzene.  The 
six  atoms  of  hydrogen  in  benzene  being  of  equal  value,  if  three 
arc  displaced  by  methyl  it  will  be  a  matter  of  iiiditrcrcuce  which 
of  the  remaining  three  are  displaced  by  any  given  railii  lc  if  they 
are  symmetrically  related  to  the  three  methyl-groups ;  but  if 
this  be  not  the  ease,  we  may  expect  the  formation  of  isomeric 
substitution  derivatives  of  mesitylenc.  Ladenburg,  therefore, 
instituted  the  following  series  of  experiments: — Di/iiiromesiff/fene, 
Cj,H,f,(NO^),,  prepared  by  the  action  of  nitric  aciil  an  mesitylenc, 
was  reduced  to  ainidonitruinc.silyicne,  CglI,f,{NO.,)(N II.,),  and  the 
acetyl-derivative  of  the  latter  converted  by  nitration  into  aceiaitndo- 
dimtromesityletie ;  the  amidodinitromesilylcne,  Cj^Hgi  NOJ  JNlIj), 
separated  from  this  compound  was  found  to  be  identical  with 
that  obtained  by  reducing  tnnitroni€8Hylem,C^U.Ji)^Oc,\^,  and  to 
famish  dinitromesityleue  identical  with  that  ))rcparcd  directly 
from  mesitylene,  when  the  NU,  group  was  displaced  by  hydrogen. 

8  T  /- 
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Farthermore^  the  niiromexifylenes,  C^II^j.NO|,obtained  by  nitrating 
mesitylene^  and  by  diapiacing  the  NH,  group  in  araidonitro- 
mesitylene  by  hydrogen,  were  proved  to  be  identical,  and  by 
nitrating  the  acetyl-derivative  of  amidomesitylene,  C^Hj^NH,, 
from  nitromesityleue,  the  arc  tyl -derivative  of  an  amidunitro* 
mesitylene  was  obtained^  ideiUical  with  that  from  dinitro« 
mesitylene. 

If  we  suppose  that  the  atoms  of  hydrogen,  which  we  may  ca'l 
a  and  b,  are  displaced  by  the  NOg  gronp  in  the  dinitromesitylene 
directly  prepared  from  mesitylene,  and  that  the  NOg  group 
which  displaces  b  is  that  which  is  reduced  to  NH,  in  the  forma- 
tion of  amidonitromesitylene,  it  then  follows  that  in  the  amido- 
dinitromesitylene  and  dinitromesitylene  obtained  from  amido- 
nitromesityh  ne,  the  NO,  gronp  displaces  the  hydrogen  atom  a, 
and  a  third  atom,  which  may  be  called  c.  This  being  the  case, 
the  fact  that  the  nitromesitylene  from  mesitylene  is  identical 
with  that  from  amidonitromesitylenc  proves  that  the  hydrogen 
atoms  b  and  c  are  of  equal  ynlue,  because  a  being  displaced  by 
NOj,  the  same  dinitromesitylene  is  obtained  aa  when  u  second 
NO,  firoup  is  iiitroduml  in  place  of  cither  b  or  c.  Mon  ovor,  as 
wc  have  supposed  tliat  in  nitroniesityh  ne  from  diiiitromesitvlene 
the  NO,,  group  lias  displaced  the  hydro»;en  atom  a,  if  in  that 
directly  prepared  from  mesitylene  the  NO.,  frronp  had  displaced 
h  or  c,  the  identity  of  the  nitromesii  vU  ue  from  the  two  sources 
would  at  once  prove  that  the  hydroejen  atoms  a  b  and  a  c 
respectively  are  of  ecjual  value.  But  even  if  the  NO,,  group,  in 
the  nitromesitylene  prepared  directly  from  mesitylene,  also  have 
displaced  o,  the  NH,  group  in  the  amidonitromesitylenc  formed 
from  it  would  have  displaced  a  also,  and  the  NO.,  group  con- 
sequently would  have  displaced  b  or  c.  Since,  however,  this 
amidonitromesitylenc,  a  6  or  a  c,  is  identical  with  that,  a  b,  from 
dinitromesitylene,  it  follows  that  the  three  atoms  of  hydrogen  in 
mesitylene  belonging  to  the  bcnsene-nucleus  are  of  equal  value, 
or  in  other  words,  that  they  arc  symmetrically  related  to  the 
three  methyl  groups.  Conscqnently  the  methyl  groups  in  mesi* 
^lene  are  also  symmetrically  placed,  and  the  only  formula  which, 
according  to  Kekule's  hypothesis,  harmonises  with  this  conclu- 
sion is  that  already  given,  via. : 

H 

CH./YU, 

cn. 
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It  win  be  evidentj  also^  that  Ladenlmrg's  experiments  afford 
a  farther  proof  that  in  the  ineto-di-deriTatiTeB  the  radicles  are  in 
tiie  position  1:3. 

(1293)  DiPROPAaoTL :  C^H^  or  HC^  C.CHS.CH2.G  =  CH.^ 
This  hydrocarbon  is  isomeric  with  benEene^  from  which,  how- 
ever, it  differs  very  widely.  Tb  prepare  it,  the  tetrabromohexane 
from  dialiyl  or  diallyl  tetrabromide  (1255)  is  distilled  with  a  con- 
siderable excess  of  solid  potassic  or  sodic  hydrate ;  the  elements 
of  two  molecules  of  hvdrobromic  acid  are  thus  removed,  and  a 
dihromodiallpl  is  produced. 

CIL.CHBr.CH,Br  CIL.CH— CUBr 

^  ^  ^^^^  ^  ^  ^ 

Ca^CHBr.CH.Br  CH..CHz;CH& 
StoHjlielabNBida.  DihmwdWlyL 


When  this  dihroraodiallyl  is  digested  with  an  excess  of  a  con- 
centrated alcoholic  solution  of  potassic  hydrate,  the  clcincuts  of 
two  molecules  more  of  hydrobromic  acid  are  eiimiuatcd^  and 
dipropargyl  is  formed : 

CH^CHrrCHBr  ClL.CsCH. 
I  +  2iaiO  =  aKBr  +  2OH.  +  I 

CU^CHzzCHBr  CH,.C=CH. 

Dipropargyl. 


Dipropargyl  is  a  mobile,  colourless,  highly  refractive  liquid, 
having  a  peculiar  and  most  ])enetrating  odour.  It  boils  at  about 
85**  (185°  F.),  and  at  18"*  (64°-4  F.)  has  the  specific  gravity  -81. 
It  bums  with  a  luminous  smoky  flame.  It  is  insoluble  in  water. 
When  added  to  an  ammoniacal  solution  of  cnprona  chloride, 
dipropargyl  produces  a  greenish-yellow  precipitate,  which,  when 
dried  over  sulphuric  acid,  or  at  90^ — 100^  (194^ — 212°  P.),  has 
the  composition  C^Uj^CvL^-^-iOHy  This  compound  explodes  at 
about  100^  (aia^  F.)  In  an  aqueons  solution  of  argentic  nitrate 
it  produces  a  white  amorphous  precipitate,  CQlI^Ago  +  aOH,, 
which,  on  exposure  to  light,  soon  becomes  pink,  and  then  black ; 
in  the  dry  state,  this  substance  explodes  readily  at  a  temperature 
far  below  100®  (212^  F.).  These  metallic  derivatives  famish 
dipropargyl  when  treated  with  dilute  mineral  acids. 

When  bromine  is  added  to  dipropargyl,  combination  takes 
place  with  extreme  violence,  and  the  tetrabromide j  C^HgBr^,  is 
produced ;  it  is  a  viscid  liquid,  of  the  specific  gravity  2*64  at 
19°  (66°*2  F  ),  insoluble  in  water,  but  soluble  iu  alcohol  and 
ether.  It  is  decomposed  when  heated,  hydrobromic  arid  beitig 
given  off,  and  a  carbunuceous  ma:>s  rcmuiniug.  Dipropargyl 
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tetrabromidc  slowly  combines  with  bromine  in  the  cold,  and 
raj)idly  when  the  mixture  is  carefully  heated,  forming  dipropargyU 
octobromide,  r^,ll^.l)rg.  The  octobroniide  separates  from  ether 
as  a  brilliant  white  crystalline  powder,  but  by  spontaneous  evapo- 
ration of  it9  solution  in  carbonic  bisulphide,  distinct  rhombohedrons 
of  considerable  size  may  be  obtained.  It  melts  at  140° — 141° 
(284°— 285^*8  but  is  not  volatile.  (Heniy^  Deut,  ckem.  Get. 
Bar,,  yL  955 ;  Tii.  20.) 

(]  294)  HoMOLOGuss  OF  Bbmebnx. — These  are  formed  from  l>eD- 
Eene  by  the  displacement  of  one  or  more  atoms  of  hydrogen  by 
the  BO-ealled  radicles  of  the  series  Cj^H^b-i-i*  ^  ^  present 
time,  however,  no  more  than  fbnr  atoms  of  hydrogen  have  been 
thus  displaced,  and  no  radicle  higher  than  hezyl,  Cfi^  has  been 
introduced  into  benzene.  The  homdogues  of  benzene  may  be 
prepared  in  the  following  manner : 

I.  By  the  action  of  sodium  on  a  mixtaie  of  a  bromo-  or 
iodoparaffin  with  bromobenzene ;  this  method  gives  rise  to  the 
formation  of  hydrocarbons  of  the  form  C^Hg-CQlI^Q^^ : 

C.U,Br  4.  C„H^  +  jI  +  2N»  =  C,H,.C,H^  +  ,  +  N«I  +  NaBr. 
CJBfir  +  CajL  4-  sKa  »  C,H^CH.  -I-  Nal  +  KaBt. 

BrWBoiMIUWIit.  MittvUMDMBtl 

By  similarly  treating  the  monobromo-derivatives  of  the  hydro- 
carbons of  the  form  C^H,.C„II„„^^,  hydrocarbons  of  the  series 
C^H^(C„Il2n+i)o  are  produced,  aud  from  the  monobromo-derivatives 
of  these  hydrocarbons  others  of  the  form  C)jH,(CnHja^.j),  may  be 
obtained : 

C,H,Br.C^JT,„  + ,  4.  C„H,„  ^.  J  +  »Na  «  C.H/C„H,„  ^ ,),  +  Nal  +  KaBr. 

Cyi^Br.cn,  +  CiI,I  +  sNa  =  CJ\^{CUX  +  NaBr  +  Nal. 

BnnnomctliyllK'Hzcne.  DiincUijibenzcne. 

C.H.BrtCja^„),  +  C„H^^,I  =  C,H,(C.H,.*0.  +  NaBr  +  NaL 

C.H^CHJ,  4.  CH,I  +  aNa  «  C,H,(CH,),  +  Nal  +  NaBr. 
BiomodiaMtlvllMaiaMi.  TkliiMllvDMOMat. 

"When  several  CpHgn+j  radicles  are  in  this  way  introdticed  into 
benzene,  it  is  not  necessary  that  they  should  all  be  the  same ; 
thus  by  treating  a  mixture  of  bromomethylbenzene  and  ct hylic 
bromide  with  sodium,  an  ethylmethylbenzene  is  produced.  More- 
over, although  the  attempt  has  not  been  made  to  introduce  more 
than  iivo  difl'erent  radicles  into  benzene,  there  can  be  little  doubt 
that  if  the  bromo^^erivative  of  ethylmethylbenzene,  for  example. 
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wprn  acted  on  with  propylic  iodide^  CgH^I,  and  sodium,  a  propyl- 
etbjlmethjlbenzeiie  could  be  obtained,  employing  isomeric 
liromoHleriTatiTeB^  iaomerio  hydrocarbons  may  be  produced :  thus 
three  isomeric  bromomethylbensenes  are  known,  and  from  these^ 
by  treatment  with  sodium  and  methylic  iodide,  three  isomeric 
dimethylbenaenes  have  been  prepared. 

The  iRORobromo-deriTatiTes  of  benaene  and  its  homologues 
have  been  almost  exclusively  employed  in  the  synthetic&l  pre- 
paration of  the  hydrocarbons  of  the  benzene  series  in  the  manner 
above  described ;  the  only  exceptions  are  the  conversion  of  paradi* 
bromobensene  into  paradimethylbensene,  and  of  dibromotolnene 
into  psendocumene,  by  the  action  of  sodium  and  methylic  iodide. 

It  is  always  necessary  to  dilute  the  mixture  of  haloid  deriva- 
tives before  acting  on  it  with  sodium,  in  order  to  moderate  the 
violence  of  the  reaction  ;  about  an  equal  volume  of  dry  ether  free 
from  alcohol  is  therefore  usually  added,  but  in  some  cases  pure 
dry  benzene  is  advantageously  eniphjyed  as  the  diluent. 

2.  By  acting  on  a  mixture  of  the  so-called  bcnzylic  chloride 
with  amylic  bromide  and  sodium  a  hexylbenzene  is  obtained,  and 
doubtless  this  method  will  prove  to  be  of  general  application  for 
the  preparation  of  hydrocarbons  of  the  form  C4Ug.CHg.C,^H|^^i : 

C.H^CH,Cl  +  C,H„Br  +  aN«  »  C.H^CH^C^  +  HaBr  +  NmCL 

3.  A  method  which  is  also  general  consists  in  carefully  dis- 
tilling the  calcic  salt.s  of  the  acids  of  the  benzoic  scries,  or  the 
acids  themselves,  with  calcic  hydrate,  whereby  the  elements  of  a 
molecule  of  carbonic  anhydride  are  removed 

C  H      /  (^ri^l^jn+Oa  _  po    -  r  ir     (CM  \ 
Addof  BflDioiaMrlBi.  HjdnwarbaaortlMBeoMMMriM. 

{ Ca'Ca.olc  }  W  +  Ca(OH).=  2CVI..CH,  +  2CaC0^ 

4.  When  a  mixture  of  acetone  or  dimethyl  ketone  with  sul- 


•  Fittig  {Ann.  Chem.  Pharm.,  cxlviii.  2)  reoomraeuds  that  the  acid  be 
intimately  mixed  with  about  three  times  ito  weight  of  burnt  lime,  and  the 
mixture  introduced  into  a  flask,  at  the  bottom  of  whioh  a  tUn  layer  of  Ume  bas 
pnmiily  been  plsoed.  A.  thin  layer  of  line  b  abo  pat  od  top  of  the  mixture. 
At  most  20^30  gnu.  of  the  seid  should  be  taken  at  a  time.  The  ila«k, 
attanhlt^  to  a  condenser,  is  anspemled  by  the  neck  in  the  centre  of  a  roomy 
charcoal  store,  which  is  preferable  to  a  gas  flame,  since  it  \%  posuible  with  it  to 
heat  the  thwk  on  all  »ides  equally,  and  to  avoid  overheating  iu 
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phuric  add  is  carefully  distilled,  the  modificatioii  d  trimethyl- 
beniene,  known  as  mesitylene  is  obtained : 

3CH,.rO.CH,  -  3OH,  =  C,H,(CH,),. 

DiawttajUutooe.  JtMi^lcat. 

In  like  manner,  homologaes  of  mesitylene  may  be  prepared  from 
the  ketones  of  the  form  CH,.CO.C,,H^^, : 

3CJI,„^,.CO.CH3  -  3OH,  =  C,H3(C„H,„,03. 

5.  Hydrocarbons  of  the  benzene  series  are  also  producod  in 
various  special  reactions,  which  will  be  described  as  occasion  oticrs. 

The  followinp^  is  a  complete  list  of  the  hydrucarboud  of  this 
series  as  far  as  tbejr  are  at  present  known  : — 


c.u. 

CSent.* 

MethylbADiene  (toluene)     .   .  . 

C,H,(CHJ 

m  * 

Dimethylbetizenes  (xylenes) : 

Pkradiroethylbenxene  «    .    •  . 
Metaditnethj'lbensrae  .    •    •  . 
Orthodimethjrlbenzene .    .    .  • 

C.H,(CHJ. 
C.H,(CHJ. 

134 

«37— WS 
140-141 

C  H 

Propylbenzene  

iBopropylbrazene  (cnmene)  .   .  . 
Parethylmethjrlbenzeoe   .    .    .  . 

Trimethylbenzenes  : 

(1:3:4)  PiM^udocuumae  .  • 

iC.H.(C,H,)* 
C.H.(C.H,)^ 
C.H,(CH.)(C^J 

C.H,(CII.). 

151 
161-^11^ 

163 
166 — 167 

Parapropy  I  methylbenzene  (cymene) . 

ParadietlivlbenzLMip  

(1:3:4)  Kthyldimethylbenzene  . 
(i  :  3  :  5)  Etbjldimethylbeiizene  . 
(112:3:5)  Tetnunethylbensene  . 
Tetnmieth3'lbeiueiie  (dorene)    .  . 

C.H.(C,H,)^ 
t\".(^'H,)(C.H,)., 
<-\H,(C,H.), 
C,H,(C,H,)(OH,), 

C.H,(CHJ, 
CA(OH.), 

159—161 

178—179 
178—179 

183—184 
180—182 

199—194 

i89-*l9X 

(1:3:5)  Ptopyldiinefchylbeineiie  . 

Lanrene  (P  propyldimethylbenzene)  .  1 

(i  •  3  •  5)  l^ittliylmethylbenzene  .| 

C,H..CH(C,nj. 

C,H,((\H,)(CH,). 

t\H,(CH.),(C,H,)^ 

C.H,(CH,)(C,H,). 

»93 
175—180 

188 
198 — 200 

^-Amylmethjlbensen  '  C,H^(CHJ(C,H„)* 

(i:3:5)Trietiiylbeineiie  .   .  .|C,H,(C,Hi, 

214—215 
213 

/3-Amyldimethy)benzene  .    .    .    . ,  C,H,(CH,),(C,H„)^ 
(1:3:5)  Methyldipropylbenieiie  .  t',H,(CHy(C,H,), 

'232—^33 
243—243 
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(i  29J)  Behaviour  of  the  Hbmologues  of  Benzene  on  Ojeidation, 
— The  behaviour  of  the  homologaea  of  bensene  on  oxidation  i« 
espedallj  characterUtic.  When  the  hydrocarbons  formed  from 
benzene  by  the  introdnction  of  a  single  C^H^^^^  radicle,  or  side 
chain,  as  it  is  often  termed,  are  oxidized,  the  monobasic  acid, 
benzoic  acid,  is  always  produced  ;  thus  : 

C^IIj.CIi/  +30  =  C^IIj.COOH  +  OH,. 

In  the  case  of  those  derivatives  which  coiitaiu  several  side 
chains,  however,  polybasic  acids  arc  formed,  each  of  the  side 
chains,  whatever  its  complexity,  undergoing  oxidation  to  ('OC)H, 
which  remains  in  combination  with  the  beuzeue-uucleus,  so  that 
acids  are  usually  obtained  coutaining  the  same  number  of  COOIi 
groups  as  there  were  originally  Cnll2n+^  groups:  paradiraethyl- 
bcnzcne,  C^.H ^(CII,),,  for  example,  furnishes  terephthalic  acid, 
C,H^(COOH)^,  and  trimethylbenzcne  (raesitylenf ),  C  TI.iCII.5)^, 
is  oxidised  to  the  acid  CfH3(COOU),.  There  can  be  little  doubt 
that  this  reaction  always  takes  place,  and  that  in  the  few  instances 
in  which  the  formation  of  the  add  thus  related  to  the  hydro- 
carbon has  not  been  obserredi  it  is  because  of  its  instability 
under  the  influence  of  the  oxidising  agent  employed ;  thos  the 
three  iromeric  dimethylbensenes  furnish  the  three  corresponding 
methylbensoic  acids,  CfHjCH,).COOH,  when  oxidised  with 
dilute  nitric  add,  but,  on  further  oxidation  with  potassic  dichro- 
mate  and  sulphuric  add  mixturCj  only  two  of  these  adds  are 
converted  into  the  corresponding  dibasic  phthalic  adds>  the  third 
(orthomethylbensoic  add)  being  completely  destroyed.  From 
this*  circumstance,  and  as  other  similar  instances  of  the  instability 
of  ortho-derivatiTes  were  known,  it  was  long  supposed  that  these 
compounds  were  not  capable  of  yielding  the  corresponding  acids ; 
Wdth  has  recently  shown,  however  {Deut.  chem,  Ges.  Ber,,  vii. 
1057),  that,  when  orthomethylbenzoic  acid  is  oxidized  with  an 
alkaline  sohition  of  potassic  permanganate,  almost  the  theoretical 
quantity  of  phthalic  acid  may  be  obtained. 

The  oxidation  of  the  hydrocarbons  which  contain  several 
side  chains  may  take  place  in  several  stages,  each  radicle,  in  fact, 
being  successively  oxidized  to  COOll,  so  tliat  as  many  acids  may 
be  obtained  from  a  hydrocarbon  of  the  benzene  series  as  there 
arc  side  chains  in  it.  Mesitylene,  for  example,  is  first  oxidized 
to  the  monobasic  mesitvleaic  acid,  which  on  further  treatment 
yields  the  dibasic  mcsidic  or  uvitic  acid^  and  this  is  tiualiy 
cuiivertod  into  the  tribasic  trimesic  acid : 
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CjHgfCHg),  +  30  =  C,H,(CH3),.C00H  +  OH,. 

Ifaritylene.  Mevitylenic  acid. 

C^II,(CIl3)2.COOH      3O  «  C,H3(CH,)(C00H),  +  011^. 

MMitflcotoadd.  Meddioadd. 

C^,(CH^COOH\  +  30  =  C,H,(COOH),  +  OH, 


Benzene  is  obtained  on  distilling  mcsitic  acid  with  calcic 
hydrate,  proving  that  in  mesitic  acid  all  the  side  chains  are 
oxidized  ;  from  this  it  is  evident  that  oxidation  affords  a  most 
valuable  means  of  determining  the  constitution  of  any  hydro- 
carbon of  the  benxene  aeries.  When  hydrocarbons  containing 
different  radicles  are  oxidized,  the  least  stable  of  these,  which  is 
usually  the  most  complex,  is  first  attacked ;  thus  propylmethyU 

(  CH  ) 

benzene  or  cymene,  C^H^  |  C      | '  funiishes  methylbenzoic  acid, 

the  propyl  groap  being  first  oiddised  to  COOU.  This  result, 
however^  probably  depends  on  tiie  natoro  of  the  oxidising  agent 
employed,  since  it  has  been  shown  (Nendd  and  Ziegler.  DeiU.  chem. 
Ge».  Ber,,  y.  749)  that  when  cymene  is  taken  internally  either  by 
dogs  or  human  beings,  it  is  oxidised  and  voided  with  tiie  urine  in 
the  form  of  propyibenzoic  or  euxMC  add,  C,H^(C3H^).COOH ;  in 
this  case,  therefore,  the  methyl  group  is  oxidised  firsts  bat  no 
similar  result  has  ever  been  obtained  with  artificial  oxidizing 
agents. 

Our  knowledge  with  regard  to  the  complementary  products 
which  are  formed  by  the  oxidation  of  the  CnUso-t-i  radide  is 
at  present  extremely  limited,  it  being  only  known  that  propyl- 
methylbenzene  furnishes  paratoluic  and  acetic  acids : 

C."<  I  (■h'cH.CH.  *  so  -  C.H.  { +  CH,COOH  +  OH,, 

Ptopvlmelhylbcnienc.  Paratoluic  atid.  Acetic  acid. 

and  that  /3-amylbensene  yields  itolnUsfric  acid  in  addition  to 
benadc  add : 

c;H,.CH,.CH,.CH(Cn,),  +  5O  «  C^H^OOOH  +  CH(CHJ,.CCOH  +  OH^ 

Bnioloadd.  *  bolMi^ilei 


But  from  these  results,  and  guided  also  by  analogy,  it  may 
be  inferred  that  if  tlie  CnHu+i  radicle  be  a  primary  radicle  of  the 
form  C^Hjn+i.CHo,  by  its  oxidation  an  acid  of  the  acetic  series 
will  be  produced  containing  one  atom  of  carbon  less^  in  the 
manner  indicated  by  the  foliowing  general  equation : 
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C^H^(CH,..r„H  „„)  +  50  =  C.H,.COOIl  +  C„Hj„0,  +  OH,. 
Ujdiooarbon  of  the  BcMeaa  Beniolc  add.         Acid  of  Um 


C.H,(CH,.C„H^  +  ,).  +  loO  »  C,H.(COOH),  +  aC„H,„0,  +  2OH,. 


Acid  of  the  Acid  or  the 

PbtbaUefota.  MttioMrta. 


( I  296)  Action  of  Hydrogen  on  the  Homologues  of  Benzene.^ 
According  to  lierthclot,  when  the  hydrocarbons  of  the  benzene 
series  are  heated  with  a  saturated  sohitiou  of  hydriodic  acid 
to  280°  (.536°  F.)  for  24  hourSj  tlicy  are  ultimately  couvcrtcul 
into  the  corresponding  paraffins,  liaeyer  has  shown  [Deut.  chem. 
Ges.  Ber.,  i.  12  ;  ii.  21),  however,  that  dry  hydriodic  acid*  has  no 
action  on  benzene  even  at  3  -0°  (662°  F.),  but  tliat  methylbeuzene 
takes  up  tivo  atoms  of  hydrogen,  dimethylbenzcne  four  atoms  of 
hydrogen,  and  triniethylbenzene  (mesityleue)  six  atoms  of 
hydrogen  when  submitted  to  itii  action  at  the  same  temperature 
as  tliat  employed  by  Berthelot.  The  difference  in  the  results 
obtained  by  these  two  chemists  is  perhaps  attributable  to  the 
presence  of  iodine,  when  aqueous  hydriodic  acid  is  employed. 

( 1 297)  Action  of  the  Halogetu  on  the  Homohguu  of  Benzene.^-' 
Additive  compounds  with  chloriDe  and  bromine  corresponding 
with  those  formed  from  benzene  have  not  been  obtained  from 
the  homologues  of  benzene;  they  are,  however,  all  readily  acted 
on  by  chlorine  and  bromine^  but  the  nature  of  the  products 
▼aiies  considerably  according  to  the  conditions  under  which  the 
action  takes  place.  Thus  when  chlorine  is  passed  into  cooled 
toluene,  C^Hg.CH,,  a  chlorotolnene  is  produced  which  is  isomeric 
with  that  formed  by  the  action  of  chlorine  on  the  boUing  hydro- 
carbon; the  latter  being  converted  by  the  action  of  oxidising 
agents  into  benzoie  add,  Cfi^.COOH,  and  the  former  into 
eklorobengoic  add,  C^H^CLCOOH.  This  behaviour  shows  that 
in  the  one  case  the  chlorine  has  displaced  hydrogen  in  the 
Cgll.  group,  and  in  the  other  in  the  CH,  group ;  the  two  com- 
pounds are  therefore  represented  respectively  by  the  formulas 
CJI^CLCH^  and  C,Hj.CH,Ci.  The  compound  C^U^.Cllfi), 
whidi  is  commonly  known  as  henzyUc  ehkride,  readily  exchanges 
its  chlorine  for  other  radicles :  thus  when  heated  with  potassic 
acetate,  it  is  converted  into  benzylic  acetate,  Q^]l^.Q\l.,{C^\\fi.^f 
which  on  saponification  ftirnishes  benzylic  alcohol,  CgH5.CH,(0II) ; 
and  in  tliis  respect  the  beliaviour  of  benzylic  chloride  is  completely 
analogous  with  that  of  the  mono-haloid  derivatives  of  the  paraffins. 


•  He  employed  phu^jj/touic  i",h',fe,  PH^I,  which  la  decomposad  when 
hcatad  into  bjiiriodio  aeki  auid  pllu^^lliue,  PU^. 
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The  compoand  C^H^Ci.CH^,  bowerer,  does  not  enter  into  reactions 
of  double  decomposition,  and  is  a  much  more  stable  body  than 
bensylic  chloride.  Again,  if  the  action  of  chlorine  on  toluene 
takes  place  in  presence  of  iodine,  antimonic  pentachloride,  or 
moljbdenic  pentechloride,  chloTxitoluene  alone  ia  produced  even 
irhen  the  toluene  is  heated  to  boiling,  and  by  the  continued  action 
of  chlorine  under  these  circumstances,  the  fi^e  atoms  of  hydrogen 
in  the  C,H,  group  in  toluene  may  be  successively  displaced  by 
chlorine,  and  a  series  of  bodies  obtained  having  properties  simUar 
to  those  of  chlorotoluene.  On  the  other  hand,  when  chlorine 
acts  on  boiling  bensylic  chloride  the  two  remaining  atoms  of 
hydrogen  in  the  CH,  group  in  toluene  become  displaced,  and  the 
compounds' C^H^.CHCl,  and  CqH^.CCI,  are  formed,  which  also, 
like  beniylic  chloride,  readily  yield  up  tiieir  chlorine  in  exchange 
for  other  elements.  By  treating  bensylic  chloride  with  chlorine 
in  presence  of  iodine,  or  by  chlorinating  boiling  chlorotoluene, 
the  compound  jCl.CII.,Cl  is  formed,  wliich  is  isomeric  with 
the  dichU)rotoIucne,  CgH^C^li.C  Fig,  obtained  l)y  chlorinating;  toluene 
in  presence  of  iodine,  and  tlie  compound  C^^Hg.CHClj,  })ro(luccd 
by  chlorinating  boiling  benzylic  chloride  ;  the  com|i()uiid 
CgHjCl.CHjCl  exchanges  only  one  of  its  atoms  of  chlorine  for 
other  radicles,  and  is  thus  intermediate  in  its  behaviour  betweeu 
C^H.Cl^.CH^  and  CJT.  CnCL. 

The  only  explanation  which  can  be  offered  at  present  of  this 
remarkable  ditierence  in  the  action  of  chlorim:,  is  that  %vlien  it 
acts  on  boiling  toluene,  hydrogen  in  the  Cll^  group  is  directly 
di^laced,  as  it  is  when  the  paraffins  are  similarly  treated ;  but 
that  when  the  action  takes  place  in  the  cold,  or  in  the  presence 
of  any  of  the  above  mentioned  substances,  an  additive  compound 
is  first  produced,  which,  however,  rapidly  loses  haloid  acid  and  is 
converted  into  the  chloro-derivative.  According  to  this  view, 
the  action  of  chlorine  on  toluene  at  a  low  temperature  may  be 
illustrated  by  the  following  diagrams: 
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The  homolojrucs  of  toluene  exhibit  a  precisely  similar  beha- 
viour with  chlorine.  The  action  of  bromine  on  the  homolojjues 
of  benzene  is  also  j^imilar  to  that  of  chlorine  ;  the  action  of  iodine 
alone,  however,  docs  not  ^\\c  rise  to  the  formation  of  iodo-deri- 
vatives.  By  continuing  the  action  of  chlorine  in  presence  of 
iodine  on  the  homologues  of  benzene  the  whole  of  the  hydrogen 
may  be  displaced,  but  these  perchiorinaied  deriTatiTes  readily 
break  up  under  the  influence  of  the  chlorine  in  such  a  manner 
that  hexachlorobenzenej  C^Clg,  is  always  produced  together  with 
the  perchiorinaied  parajfin,  or  its  products  of  decompoeition  by 
chlorine,  correspondiDg  with  the  side  chain ;  thus  toluene, 
CgHg.CHj^  is  converted  into  hezachlorobeniene^  C^Cl^  and  tetra> 
chloiomethanej  CCl^,  whilst  cymene,  CJUJp^^CJA^,  furnishes 
hexschiorobeniene,  tetrachloromethane,  and  octocfaloropropane 
CgClg  (Kraflt  and  Men,  DeW.  chmn.  Get,  Ber,,  vm.  1296). 

(1298)  AcHon  qf  NUrie  and  Sulphuric  Aeid$  on  the  Homohguiee 
tf  Benzene, — ^The  hydrocarbons  of  the  benaene  series  are  all 
oonverted  by  the  action  of  concentrated  nitric  acid  into  nUro* 
derivatives,  one  or  more  atoms  of  hydrogen  in  the  benzene  nucleus 
being  displaced  by  the  monad  NO^  group ;  but  when  the  homo- 
logues  of  beniehe  are  boiled  with  tkluie  nitric  acid,  they  undergo 
oxidation,  the  side  chains  alone  being  affected. 

The  action  of  concentrated  sulphuric  acid  on  benzene  and 
its  homologues  leads  to  the  production  of  sulpho-acids,  one  or 
more  atoms  of  hydrogen  in  the  benzene  uucleuti  being  displaced 
by  the  monad  group  SOg.OU. 

(1299)  Methylbenzene  or  Toluene:  C,H„  or  C^Hj.CH3.  =  92. 
—Toluene  is  produced  by  the  action  of  sodium  on  a  mixture  of 
bromobenzene  and  iodomethane  or  methylic  iodide  :  CgIIgBr  + 
CH3l  +  2Na  =  CgH5.CH3  +  NaI +  NaBr  ;  by  distillin*;  the  isomeric 
methylbenzoic  or  toluic  acids  with  an  excess  of  calcic  hydrate  : 
CgH/(CH3).COOH  +  Ca(OH)2  =  CeH5.CH3-KCaCO,  +  OH,;*andby 
heating  beuzylic  alcohol  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate,  and  then  distilling:  when  the  whole  of  the  alcohol 
has  passed  over,  and  the  residue  has  l)ecomc  solid,  the  toluene 
distils  over  mixed  with  undeoompoeed  benzylic  alcohol  (Cannis- 
saro): 

C,H5.CH2(OH)  +  KHO  «  r.H..COOK  +  CgHj.CH,  -h  2OH,. 

BoujfUc  akoboL  I'oUumiu  boazoate.  Toluene. 

Toluene  is  a  product  of  the  dry  distillation  of  tolu-balsam 
and  many  other  resins,  but  it  is  almost  always  prepared  by  the 
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fractional  distillation  of  that  portion  of  coal  oil  which  boils  at 
about  ioo°— 120°  (212°— 248°  F.). 

Toluene  is  a  colourless  liquid  closely  rcsemhlinji:  benzene  in 
its  physical  properties,  but  does  not  solidify  even  when  cooled 
to-20°  (-4  ¥.) ;  it  boils  at  1 1  i°(23i°-8  F.),  and  at  0°  (32°  F.)  has 
the  sp.  gr.  0  88 2.  When  oxidized  with  chromic  or  dilute  nitric 
acid,  it  furnishes  benzoic  acid  ;  and  if  heated  to  260°  (500°  F.)  with 
iodine,  benzyltoluene,  CgHg.CHg.CjH^.CHg,  together  with  ben- 
zene and  the  hydrocarboD  C^gHj^i  are  formed  (Schutzenberger, 
DetU,  chem.  Ges,  Ber,,  1109). 

(1300)  Hydrocarbons  :  CgIIiQ—io6. — Four  hydrocarbons  of 
this  composition  are  known^  Tis.^  Ethiflbenzene,  and  three  isomeric 
dmethylbenzene$  or  an/lenes. 

Ethylbenzene  or  Eihy^henyl,  C^H^.C^Hi,  is  obtained  bj 
the  action  of  sodium  on  a  mixture  of  bromobenzene  and  brom- 
ethane  or  ethylic  bromide  dilated  with  ether.  The  following  di- 
rections for  its  preparation  are  given  by  Fittig  and  Konig  (Ann. 
Chem,  Pharm.,  cxliv.  277). 

Ordiiuuy  ether  it  allowed  to  remain  in  contact  with  a  oonsiclerable  amount 
<tf  ealoic  (Florida  for  twenty-lfonr  honre  1  a  quantity  about  doable  the  volume  of 

the  mixed  bromides  is  then  intvodoced  into  a  flask,  and  sodium  is  added  cat  ia 
very  thin  slices,  about  times  as  much  as  is  theoretically  required  for  the  decom- 
position ol'tlie  bromides  (p.  276).  The  flask  is  connected  with  a  reversed  condenser, 
and  ib  placed  iu  a  large  ves&el  filled  with  cold  water.  At  iir^t  a  violent  evolu- 
tion of  hydrogen  b  obeevred,  bat  after  a  hw  hours  thie  entirelj  ceases,  the  tem- 
perature of  the  water  it  then  reduced  to  o*  (32^  F.)  by  means  of  ice,  and  the 
carefully  dried  mixture  of  bromides  is  added.  A  slight  «uem  (about  ODe-foorth 
more  tlian  the  theoretical  amount)  of  the  ethylic  bromide  should  be  taken.  As 
a  rule  the  action  soon  sets  in,  which  may  be  known  by  the  pieces  of  sodium 
beeoming  blackened  and  sinking  to  the  bottom,  but  sometimes  the  sodium  re- 
mains  bright  fin-  a  day  or  more.  When  the  action  has  once  commeooed, 
however,  it  is  soon  completed,  ui nallj  in  one  to  two  hoam  ;  during  this  time 
great  care  must  be  taken  that  the  temperature  of  the  water  does  not  rise,  for  so 
much  huat  is  evolved  that  notwithstandinsj  the  cooling,  the  ether  boils,  and  in 
part  dislib  over.  The  more  quietly  and  slowly  the  action  takes  place,  the  greater 
ia  the  yield,  to  that  it  in  allM  desirablo  00  this  aeoount  not  to  operate  with 
larger  quantitieB  than  100  grams  of  bromobenaene.  When  the  reaction  ia  com- 
pleted, the  ether  is  distilled  off  on  the  water-bath  ;  the  flaik  is  then  suspended 
by  the  neck,  and  the  prwlnct  is  rapidly  distilUd  off  over  a  bare  flame.  Care 
•  must  be  taken  not  to  hwit  the  bottom  of  the  flask  too  strongly  at  first ;  and,  in 
fact,  the  operation  suuceedii  beitt  when  the  heat  is  applied  by  waving  a  large  gas 
flame  round  and  round  the  flaik,  eo  that  only  its  eidee  arc  hmted.  In  thie  way 
it  u  possible  to  avoid  the  breaking  of  the  flask,  which  ueually  occurs  when  a 
sand-bath  or  wire  gauze  is  used.  The  distillate  consists  almost  entirely  of 
ethylbenzene,  and  is  purified  by  fractional  distillation.  A  similar  course  is  to  be 
recommended  in  the  preparation  of  other  horaologues  of  benzene. 

Ethylbensene  is  a  colourless  mobile  liquid  resembling  toluene ; 
it  boils  at  134**  (273***!  F).,  and  at  a»**'5  {7%^'5  F.)  has  the  sp.  gr. 
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0'8664.  Wlien  oxidized  with  potassic  dicliromate  aud  sulphuric 
acid  mixture,  or  with  dilute  nitric  acid  (i  vol.  of  nitric  acid  of  sp. 
gr,  1*4  and  2  vols,  water)^  it  yields  benzoic  acid : 

C,H,.C8Hj  +  3O,  =  C,H,.COOH  +  CO,  +  aOH,. 

XthylbMMMM.  Bamleidd. 

Paradtmethylbenzene  or  Para.ri/Iene  :  0^11^(0113)3,  (CHg  :  CHg 
=  1  :  4). — TlnB  hydrocarbon  is  obtained  by  the  action  of  sodium 
on  a  mixture  of  crystalline  parabromotolucne  and  raethylic 
iodide,  diluted  with  pure  bensene  (Jannasch,  Ann.  Chem.  Pharm., 
dxxi.  79),  or  on  a  mixture  of  crystalline  paradibromobenzene 
and  methylic  iodide,  diluted  with  ether  (V.  Meyer,  ibid.  clvi.  282). 
It  crystallizes  when  pure  in  large  monoclinic  prisms,  which  melt  at 
I ^  (59'*  F.)  J  it  boils  at  isd'*— 137**  (276*»-8— a78*»-6  F.)  (Jannasch). 
Paradimethylbenxene  is  readily  oxidiied  by  dilate  nitric  acid  to 
paramethylbenioic  or  paratoluic  acid,  CfH^(CHs).COOH,  and  by 
chromic  acid  to  terephthalic  add,  C^H^  (COOH),. 

Meta^thyWenzene  or  M^axylene :  C0H^(CH<^)^  (CH3  :  CH, 
si  ;  3). — Xylene  or  xybl,  from  coal  tar  (the  portion 
boiling  at  136°^  140*^  (276^*8 — 284^  F.),  contains  panu  and 
metaxylene  in  variable  proportions,  bat  nsnally  consists  mainly  of 
metaxylene;  other  hydrocarbons,  however,  are  present,  the  nature 
of  which  is  unknown  (Fittig,  ilnd.  cliii.  273).  Pure  metaxylene  is 
obtained  by  distilling  xylic  or  mesitylenic  acids,  C^i  I.^(CH,^)j.COOH, 
with  calcic  hydrate  (Fittig  and  Bicbcr,  i/jid.  clvi.  235  ;  Fitti^j  and 
Vclguth,  cxlviii.  i).  It  boils  at  137^ — 137^\5  (278^  6 — 279  F.). 
^Metaxylene  is  nut  oxidized  by  dilute  nitric  acid,  but  is  slowly 
cun\crttd  by  oxidation  with  chromic  acid  into  isophthalic  acid, 
C,H^(C()01I)2. 

Xylene  from  coal  tar  has  a  peculiar  faint  odour  ditl'ercnt  from 
that  of  benzene ;  its  specific  gravity  at  19°  (66°* 2  F.)  is  o*86. 

Orthod'unethylbenztne  ov  Orthoxylene  :  C„  11^(0113).,,  (CH^  :  CH, 
=  1  :  2),  is  obtained  by  the  action  of  sodium  on  a  mixture 
of  ortliobromotoluene  and  methylic  iodide ;  and  by  distilling 
paraxylic  acid,  CgH3(CH.,)2.COOH,  with  calcic  hydrate.  It  is  a 
colourless  limpid  liquid  like  its  isomerides,  but  has  a  much  loss 
pleasant  odour,  and  boils  at  140° — 141°  (284° — 285°*8  F.). 
Dilute  nitric  acid  oxidizes  it  to  orthomethylbenzoic  or  orthotoluic 
acid,  but  it  is  entirely  decomposed  when  oxidiied  with  chromic 
acid  (Fittig  and  Bieber,  ibid.  clvi.  239). 

The  three  isomeric  dimetiiylbenzeDcs  are  characteriied  and 
distingoished  not  only  by  their  oxidation  prodncts,  bat  al«>  by 
th^  behavioor  with  nitric  acid :  when  treated  with  a  mixtnre  of 
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concentrated  nitric  and  sulphuric  acids,  para-  and  mctadimethyl- 
benzene  arc  readily  converted  into  crystalline  //-i///7ro-dcrivativcs, 
the  change  taking  place  even  at  the  ordinary  temperature,  if 
allowed  to  stand  some  time;  orthodinu'thylbenzcne,  however,  is 
only  converted  with  extreme  difficulty  into  crvstulliiie  nitro- 
derivatives,  it  being  necessary  to  warm  it  for  8  to  lo  hours 
with  the  acid  mixture  in  order  to  obtain  them.  Trinitropara- 
and  metaxylene  are  readily  distinguished,  since  the  latter  is  much 
less  soluble  in  alcohol  than  the  former,  and  melts  at  177 
(35o°'6  F.),  thuitroparadimethylbeuzeue  melting  at  137° 
(a78°-6  F.). 

(1301)  Hydrocabboks^  C,H„ssi2o. — Several  of  these  have 
been  obtained — viz.,  Propylhenzene,  IwprdpylbememB,  Ethyimeikyl- 
benzene,  and  two  Tnmethylbtnsenes. 

Pr€pyi6enzene :  CfH,.CU,.CHs.CH,,  is  obtained  by  the  action 

of  sodium  on  a  mixture  of  bromobenzene  and  propylic  bromide. 
It  is  a  oolouxleai,  pleaaant  smelling  liquid,  wbich  boils  at  157^ 
(314^'6  F.)  ;  wben  oxidised  it  yields  benzoic  acid. 

Inpropylbenzene  or  Cumene:  CfH^.CHCCH,),. — ^Wben  comic 
acid,  C^Hjip^Ii^).COOK,  is  distilled  with  calcic  hydrate,  a  hydro- 
carbon of  the  composition  C,H],  ia  obtained,  boiling  at  151^ 
(303^*9  F.),  which,  like  the  synthetically  prepared  propylbensene, 
is  converted  into-  bensoic  add  by  oxidation :  it  is,  therefore,  con- 
cluded that  cumene  from  cnmic  acid  is  an  isopropylbeniene. 
The  attempts,  however,  to  prepare  it  by  Fittig's  method  from 
bromobenxene  and  isopropylic  iodide  have  ikiled  nntil  recently  ; 
Jacobsen  {Dmti.  chem,  Ges,  Ber.,  viii.  1260)  finds,  however,  that 
if  slices  of  sodium  are  introduced  into  isopropylic  iodide,  which 
is  then  covered  with  a  Layer  of  a  solution  of  bromobenzene  in  six 
times  its  volume  of  pure  ether,  atul  the  mixture  h  it  at  rest,  action 
gradually  takes  place.  If  the  mixture  is  then  boiled  for  a  few 
hours,  and  afterwards  distilled,  the  unattacked  iodide  passes  over, 
together  with  much  dijiheuyl,  and  a  very  small  quantity  of  a 
fraction  boiling  at  145° — 15/5°  (-93  — ji'^l^  )-  ^Vhcn  this  is 
fractionally  distilled,  and  the  portion  boiling  at  about  150** 
(302°  F.)  is  treated  with  sulphuric  acid,  a  sulpho-acid  is  formed 
yielding  salts  whieh  ditler  from  those  of  propylbenzenesulphonic 
acid,  but  arc  precisely  similar  to  those  fiiruiahed  by  the  sulpho- 
acid  of  cumene  from  cumic  acid. 

Ethylmtthylbenzene :  CHg-C^H^.C^Hg. — By  the  action  of  sodium 
on  a  mixture  of  bromotoluene  and  ethylic  bromide,  Glinzer  and 
Fittig  (Ann.  Chem.  Pharm.,  cxxxvi.  312)  obtained  an  ethylmethyl- 
bensene  boiling  at  159°  (318^*3  F.),  of  the  sp.  gr.  0*8652  at 
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(69°*8  P.),  which  gave  terephthalic  acid  on  oxidation.  The 
hromotoluene  employed  was  that  directly  produced  by  the  action 
of  bromine  on  cooled  toluene,  but  as  it  has  dnce  been  shown 
thai  this  is  a  mixture  of  pnrabromotoluene  with  more  or  leaa 
orthobromotoluene,  there  can  be  little  doubt  that  the  hydro* 
carbon  obtained  was  a  mixture  of  para-  and  orthethylmethyl* 
beniene.  Pure  parethylmethylbeniene  has  been  prepared  by 
Jannasch  and  Dieckmann  {Deut.  ckem,  G^t.  Ber.,  yii.  1513)  by 
the  action  of  sodium  on  a  mixture  of  crystalline  parabromotoluene 
and  ethylic  iodide,  diluted  with  benzene.  It  boils  at  161^ — 162^ 
(321**  8—323°  6  F.),  and  does  not  soUdify  at  -ao**  (-4°  F.) ; 
when  oxidiied  with  dilute  nitiio  add^  it  gave  pure  paratoluic 

According  to  Wroblevsky  [ibid.  viii.  573),  mctabromotolucne 
is  converted  into  metethylnnctliylbcnzrne  by  the  action  of  ethylic 
bromide  and  sodium.  This  hydrocarbon  furnishes  isophthalic 
acid  on  oxidation. 

Mtsityltuw  [Trinu'thyWrnzi'm')  :  C^H^{CUX^,  (CIT3  :  CH3  : 
CH.,=  i  :  3  :  5). — This  liydroearbon  has  not  l>eeii  obtained  from 
benzene  by  synthesis,  but  is  always  prepared  by  distilling  acetone 
witli  >nlj)liuri('  aeid. 

The  following  is  the  method  of  ])roreeding  recommended  by 
Firtig  aud  Briickuer  {Am.  Chem,  PAam.^.  cxlvii.  42). 

A  qoantity  of  dry  nand  is  placed  in  a  large  tabulated  retort,  and  i  vol.  of 
oommercial  acetone  ia  added ;  a  cooled  mixture  of  i  vol.  ooucentrated  «ulpburio 

acid  and  ^  vol.  wut«r  U  then  introduced  in  a  *\ovf  continuous  streaai,an<l  rlie  mix- 
ture allowed  to  stiiiid  dnriii:.'  at  Ic-i.^t  24  hmirs.  Tin- retort  is  Ih^n  coniioi  ti'd  with 
a  coiitlenser,  ainl  tin-  lii^tilhit  011  coinnu  iu  ed  ;  at  firnt  an'toiu*  and  wuttT  pa-ss  over. 
When  oily  Btrt-aks  are  obpcrved  in  the  upper  part  of  the  retort  the  receiver  ia 
ehao}^ ;  a  yellow  coloured  oil  then  distiU,  eonaistiDg  chiefly  of  mesitylene.  Tbo 
dictillation  ia  eootinaed  aa  lon^  aa oil  patoeii  over.  At  a  certain  period  of  the  pr(H 
0853,  an  evolution  of  unlphurouw  acid  t*etii  in.  and  the  contents  of  the  retort  boctiine 
of  a  deep  indi^o-blue  colour,  which  onlv  dii^ajijH'arH  t<)ward><  the  clone  of  the 
operation.  The  crude  oil  \»  WHidied  with  sodio  hydrate  solution,  and  with  water  ; 
dried  with  calcic  chloride,  and  Iractionally  diatilled  from  metallic  sodium. 
Although  the  yield  ia  amall  in  proportion  to  the  amount  <^  acetone  employed, 
it  ia  poaaible  by  working  with  3  or  4*ret6rta  at  a  time  to  prepare  without  diffi- 
culty a  pound  of  pure  meaityleoe  in  a  week. 

"When  allylene  fj^as  (1252)  is  passed  into  concentrated  sul- 
pbnric  acid,  it  is  absorbed,  and  on  adding  a  si/ia/I  (jttun/ify  of 
water,  and  distilling,  mesitylcuc  is  obtained  ^Fittig  aud  bchrobe, 
Ufid.  viii.  17  and  367). 

The  portion  of  coal-tar  oil  which  boils  at  164° — 167*' 
227*^*2 — 332^  6  F.)  consists  chiefly  of  mesitylene.  JSIcsitylenc  is 
also  present  amongst  the  hydrocarbons  obtained  by  the  action 
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of  nndc  chloride  on  camphor  (Fittig  and  Wackenroder,  ibid.  dL 

Mesitylenc  is  a  colourless,  mobile,  hifjhly  refractive  liquid  of 
prculiar,  not  unpleasant  o<loiu- ;  it  boils  at  163°  {^2j^'4  F.). 
A\  ben  oxidized  \vitb  a  mixture  of  ()otassie  dicbromate  and  sul- 
pburic  acid,  it  yields  acetic  acid  only,  and  is  thus  distinguished 
from  all  the  otlicr  known  hydrocarbons  of  the  benzene  series. 
If  treated  with  dilute  nitric  acid,  however,  it  is  converted  into  a 
mixture  of  mesitylenic  acid,  CpHj,(CH3)2(COOn),  and  niesidic  or 
uvitic  acid,  CgII.,(CIl3)(COOH)o  ;  and  these  acids  wluni  oxidized 
"with  cbromic  acid  readily  furnish  tnraesic  acid,  Cgll.^^COOH)^. 
AViien  it  is  heated  with  pliosplionie  iodide,  PH^I,  to  280°  (536°  F.), 
it  is  converted  into  a  hydrocarbon  of  the  CqII^  series,  C^Hj^ 
which  boils  at  138°  (280^  4  F.)  (liacyer). 

Pseudocumene  ( Trimethylbenzene) :  CgHj(CH3)3,(CHj : CH, :  CH, 
si :  5:4). — Pseudocumene  has  been  prepared  by  the  action  of 
sodinm  and  methylic  iodide  on  the  monobromo-derivativea  of  the 
three  isomeric  dimethylbcnzenes^  and  on  the  dibromotoluene  pre- 
pared by  the  action  of  brounnc  on  toluene  in  presence  of  iodine 
(Fittig  and  Laubinger,  ibid.  cH.  257;  Fittig  and  Jannasch,  ibid* 
cli.  283;  Jannasch,  ibid,  dxxvi.  283).  It  is  also  a  constituent 
of  .the  portion  of  coal-tar  oil  boiling  at  164^ — 167**  (327^*2 — 
332*>-6  F.). 

Pure  pseudocuniene  from  crystalline  bromoparaxylene  boils 
at  166**— 167**  (330**-8— 332®-6  F.),  and  does  not  solidify  at  —20^ 
(—4^  F.)  (Jannasch).  When  oxidised  with  dilute  nitric  acid, 
])seudocttmene  furnishes  a  mixture  of  the  two  isomeric  monobasic 
acids,  xylie  acid  and  paraseytie  waA,  €0^13(0 113)^(00011),  with  the 
dibasic  xyUdus  acid,  C,H3(CH3)(COOH),.  By  the  action  of  a 
mixture  of  concentrated  nitric  and  sulphuric  acids,  pseudocumene 
is  converted  into  a  crystalline  trinitro-deriTativc,  Cg((^Il3)3(NO^^, 
which  melts  at  185*^  (329°  F.),  and  is  thus  distinguished  from  mesi- 
tylcne,which  when  similarly  treated  yields  trinitromesityleue,  melt- 
ing at  232°  (44y°"6  F.)  ;  moreover,  trinitropseudocumeue  is  readily 
reduced  by  amnionic  sulphide. and  converted  into  nitroamido- 
pseu(lo(  luiienc,  CglI(Cll3),^(N0.3i(N H^),  whilst  trinitromesityleue 
is  converted  into  diuitroamidomesityleuc,  Cj(CHj)j(NOg)j(NH^,by 
the  same  reagent. 

(1302)    llVDUOCARBONS  :  C,f)Hj^=  I34.  Ko  Icss  tliaU  SCVcl)  of 

tliese  are  known,  viz.  :  fS-Buly/henrcHc,  Parapropylim  thnlhoiztne 
or  Cyiitcnc,  Paradicthylbeuzcne,  two  isomeric  Ethyldimtthylben' 
seneSg  and  two  isomeric  2etramUhyl6t'/i..cnL'8. 

P-SuiylbeiMHBi  C,H,.CH..CH(CH^f  Tbii  hjdrocsrboii  is  oUunad 
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alihoii§^  onlj  in  nMll  qtmiUfy,  by  tlui  acAioD  of  Mdiam  on  n  mature  of 
bfomobenieno  and  iBopriraarj  bntylie  brooude,  and  more  easily  by  ite  action  on 

a  mixture  of  benzyUc  chloride  and  iaopropylic  iodide.  It  boiU  at  159° — i6i* 
(3i8'''2 — 32i°-8  F.);  it  is  converted  into  benzoic  acid  by  oxidation  (Rieae, 
J}eut,  ckem,  Gu,  Ber,,  iiL  779). 

Parapropylmeihylbensene  or  Cymene  :  C^UA  p  ^  >  (^^t  • 

=  I  :  4). — Cymene  exists  together  with  terpenes  in  a  number  of 
the  so-ealled  easential-oils^  (1278)1  mich  as  dl  of  cmnin,  the  oil  of 
the  Ptyehotu  AJowan,  the  oil  of  the  water  hemlock  (CSeuia 
viroia),  the  oil  of  the  EucaJyptUi  globuhu,  oil  of  nutmegs  &g; 
It  maj  be  obtained  by  the  action  of  aodinm  on  a  miztnie  of  ciya- 
taUine  parabromotoluene  and  normal  propylic  bromide  (fittica. 
Aim,  Chem,  Pharm.,  cLudi.  320) ;  and  it  it  thns  proved  that  oymene 
oontaina  normal  propyl,  and  that  it  is  a  member  of  the  pom-  aeries 
of  di-deriyatiTea  of  bensene :  the  latter  condnaion  may  alao  be 
inferred  ftom  the  converaion  of  cymene  into  terephthalic  acid  by 
Ofxidation.  Cfymene  may  be  prepared  by  the  action  of  phosphoric 
anhydride^  pentasulphide,  or  pentachloride,  or  of  zincic  chloride, 
on  camphor  and  several  other  oxygenated  hodies  of  the  com- 
position CjqHj^O,  proscut  in  various  essential  oils  (viz. :  myris- 
ticol  from  oil  of  nutmeg,  and  absiutliol  from  oil  of  wormwood)  ; 
in  these  cases  the  action  amounts  simply  to  the  withdrawal  of 
the  elements  of  a  molecule  of  water  from  the  oxygenated  body, 
but  when  phosphoric  pentasulphide  is  employed  hydric  sulphide  is 
evolved : 

6CioH^O  +  PgS,  «  6CioH,^  +  5SH,  +  aHPO^j 


and  by  the  action  of  phosphoric  pentachloride  a  chlorinated 

corajjound  is  first  produced,  which  is  subsequently  resolved  by 
distillation  into  cymene  and  hydrochloric  acid : 

C,oHi,0  +  ra,  =  CjoHi^Cl,  +  POO,; 


=  CjoHj,  +  2HCI. 
C,oHi,.OH  +  PC1|  s  C,^H|,G1  +  POCl,  -I-  HG; 

CioHjjCl  =  C|qH,^  +  HCl. 


•  Wright  is  of  the  opinion  that  the  amall  quantity  of  cymene  met  with 
in  some  essential  oils  is  perhaps  formed  by  the  oxidation  of  a  portion  of  the 
terpene,  and  the  subsequent  resolution  of  the  oxidized  body  (C^H^^O)  into  cymene 
and  water  daring  dieyUation. 

8  U 
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Cymene  is  alio  obtained  on  distilling  thymol  and  carvaaro!, 

CjoHj^O,  with  ter-  or  pentasulpliide  of  phospborus. 

Cvmone  ma}'  readily  bo  prepared  by  the  action  of  pliosphorlr  anliyclriilt*  or 
pentabulpUido  ou  camphor.  II'  the  former  be  employed,  it  U  mijkt-d  with  the 
eunphor  in  the  propoi^ona  indieated  by  the  equaiion : 

C.JI,.0  -f  P.O.  =  C,,H,,  4.  2HPO,. 

and  gently  heated  in  a  flask,  attached  to  a  condenser,  until  the  roactlon  com- 
mences, which  is  evidenced  by  the  mixture  at  the  bottom  of  the  iUsk  becoming 
brown :  the  reaction  then  extends  to  the  whole  mess  somewhat  rapidly. 
The  liquid  produet  ii  afterwards  poured  off  from  the  eake  of  metaphoephorie 
acid  at  the  bottom  of  the  flask,  and  digested  with  a  small  quantity  of  phosphorio 
anhydride.  Tlils  treatment  is  then  repeated,  and  finally  the  product  is  frac- 
tionall}'  distilled  from  sodium.  In  this  manner  60  to  60  per  cent,  of  cymeoe 
may  be  obtained  (Fittica,  ibid.  307). 

Somewhat  less  cymene  is  produced  by  theaetaon  of  phosphoric  pentasnlphide, 
but,  on  the  other  hand,  the  latter  is  far  more  readily  ptepwpsd  than  phosphorio 
anhydride.  The  camphor  and  phosphoric  pentasulphide  mixed  In  the  prapOff^ 
tions  of  about  3  to  i  are  placed  in  a  flask  attached  to  a  condenser,  and  a  gentle 
heat  applied;  the  reaction  soon  takes  place,  and  xnueh  liydric  Bulphideis  evolved. 
Ill  order  to  decompose  all  the  camphor  the  mixture  is  gently  boiled  for  a 
eoQple  <^  hours  and  then  distilled;  the  dktillate  is  violently  agitated  with  a 
eoDOsntrated  solution  of  sodic  hydrate  to  remove  the  thiocjmene,  C,,H,,.SH» 
present,  then  with  water,  and  afterwards  several  times  with  small  quantities  of 
concentrated  sulphuric  acid ;  it  is  final^  washed  with  water,  dried  over  cakio 
diloride,  and  distilled  irom  sodium. 

Paw  cymene  is  a  colourless^  mobOe^  highly  refractive  liquid 
of  peculiar,  not  unpleasant^  odour  j  it  boils  at  175^  (347*'  F.), 
and  at  F.)  has  the  sp.  gr.  0*870.    When  oxidized  iriUi 

dilute  nitric  add  it  furnishes  paratoMe  add,  CJELJpB^,QOOJ3,, 
together  with  terephthalic  acid,  CfiJfjOOK)^  and  a  considerable 
quantity'  of  acetic  acid  (Kekul^  and  Bittmar,  Dent,  ehem.  Get. 
Ber,,  iii.  894);  chromic  add  also  oxidizes  it  to  terq^thaUe 
add. 

ComHtuHon  qf  the  ierpenn, — ^All  the  terpenes  appear  to  be 
capable  of  yielding  cymene  when  two  atoms  of  hydrogen  are 
withdrawn  from  them.  This  may  be  eflfSected^  however,  in  various 
ways.  The  most  advantageous  method  is  probably  that  employed 
by  Keknleand  Oppenheim  {ibid.  vi.  437  and  915  ;  vii.  625),  whicli 
consists  in  gradually  adding  iodine  to  the  terpene,  digesting  the 
mixture  for  sonic  hours  in  a  flask  attached  to  a  reversed  condenser, 
and  distilling  ;  the  distillate  is  then  washed  wnh  an  alkaline  solu- 
tion and  the  cymene  purified  by  fractional  distillation  from  sodium. 
The  first  action  appears  to  consist  in  the  combination  of  a  mole- 
cule of  the  terpenc  with  a  molecule  of  iodine,  the  resulting  com- 
pound^ when  heated,  being  resolved  into  cymene  and  hydriodic 
add. 
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By  very  carefully  adding  a  molecule  of  bromine  to  a  mole- 
cule of  a  terpene  which  is  well  cooled,  a  compound  of  the  two  is 
obtained,  which,  on  treatment  in  various  ways,  furnishes  cymene. 
In  some  cases  it  is  merely  necessary  to  distil  several  times  :  thus, 
although  the  bromide  of  ordinary  turpentine  oil  furnishes  very 
little  cymene  when  treated  in  this  manner,  yet,  as  Wright  has 
shown  (JoMm.  Chem,  Soc,  zzyI.  691)^  heapehdeney  the  terpene 
from  nntmeg-oil^  yielda  a  yerj  large  proportion  of  cymene  when 
its  bromide  Is  sereraL  times  distilled.  Oppcnheim  finds  (^Deut, 
dkem.  Get.  Bar.,  v.  94  and  628)  that  a  considerable  amount  of 
cymene  may  be  obtained  from  the  bromide  of  turpentine  oil  by 
heating  it  with  a  slight  excess  of  aniline  for  eight  hours  to  about 
190°  (374**  F.)  in  sealed  tabes : 

C^Hj^,  +  aCeHyN  =  C^U,^  +  aC,H,NBr. 


To  purify  the  product,  the  mixture  from  the  tubes  is  rendered 
acid  with  dilute  sulphuric  acid,  and  the  hydrocarbon  distilled  over 
in  a  current  of  steam;  it  is  then  dried  and  distilled  from 
sodium. 

AVright  has  also  shown  (Joum.  Chem.  Soc,  xxvii.  620)  that 
cymene  is  formed  iu  small  quantity  from  terpenes  l)y  the  action 
of  phosphoric  pentasulphide,  and  according  to  Riban,  a  little 
cymene  may  be  produced  £rom  terpenes  by  treating  them  with 
solphnxic  add  and  distilling : 

q^Hie  +  H,SO,  =  C^oHj,  +  SO,  +  2OU,. 

By  these  vsrions  methods  cymene  has  been  obtained  from 
otdinary  torpentine  oil*  and  from  tercbene ;  from  the  terpenes 
of  nutmeg  oil>  orange-peel  oil,  lemon  oil,  and  eucalyptus  oil  j  and 
from  the  terpenes  obtained  by  the  action  of  phosphoric  anhy- 
dride or  pentasulphide  on  bomeol,  geraniolj  citronellolj  and 
ageiiutol^  all  of  which  have  the  formula  C|oH|gO. 

The  that  the  yarious  terpenes  are  thus  couTertible  into 
cymene,  together  with  the  circumstance  that  they  combine  with 
ai  most  four  atoms  of  monad  dements  (in  the  formation  of  the 
dihydrocUorides),  has  led  chemists  to  regard  them  as  dihyindes 
of  cymene;  thus: 


V  2 


CONSTITUTION  Of  TUE  T£RP£N£S.  [^3^2. 
C,";  C,H, 

HC       CH  HC  CH, 


I    n  I 

HC       CH  HC  CH, 

CH,  CII, 

QjincM.  CynicDe  dibjrdride. 

Bnt  cymene  is  a  jMirapropylmethylbeiiBene,  and  acooidmg  to 
KekoM's  liypoiheait  it  can  only  give  ziae  to  three  Uomerie  dihy- 
dridesj  Til. : 

CHj  H.CH,  CH, 

y\       /\  /\ 

H,C        CH       HC        CH,       HC  CH 

I'll  II 

H,C       CH       HC       CH        HC  CH, 

\/' 

C^H  H.C|Hj 
I.  II.  m. 

Since  move  than  three  iiomerie  teipenes  nndonbtedly  exist,  the 
condnsion  is  therefote  foiced  upon  as,  tliat  all  these,  although 
they  fbmish  (^ymene,  sie  not  hydrides  of  a  /^arapropylm ethyl* 
heniene,  hat  that  some  of  them  are  hydrides  of  isomeric  propyl- 
methylhenaenes,  and  some  perhaps  hydrides  of  isopropylmethyl- 
hensenes,  and  that  isomeric  change  takes  place  daring  their 
comrersion  into  cymene. 

"With  regard  to  the  existence  of  a  considerable  number  of 
isomeric  tcrpencs,  it  is  to  be  borne  in  mind  that  we  are  totally 
unaware  of  the  nature  of  tlie  isomerism  which  obtains,  for 
example,  between  the  terpenes  present  in  the  so-called  French 
and  English  turpentine  oils  :  in  their  chemical  behaviour  they 
exhibit  the  most  perfect  resemblance,  and  yet  they  are  so  very 
diflferent  optically.  The  only  assumption  we  can  make  which  is 
any  way  applicable  to  the  explanation  of  this  remarkable  diffe- 
rence, is  that  the  molecules  of  the  terpenes  in  the  liquid  state 
are  complex  molecules  formed  by  the  coalescence  of  a  numlxr  of 
simple  molecules,  and  that  the  physical  difference  between  the 
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two  terpenes  in  question  results  itom  a  different  aiTangemcnt  of 
the  simple  molecules  which  we  maj  suppose  are  identical.  If 
this  be  the  case,  a  compaiativelj  limited  number  of  chemically 
identical  terpenes  maj  exist,  and  yet,  as  seems  to  be  the  case 
according  to  out  present  knowledge,  the  number  which  exhibit 
physical  differences  may  be  very  large. 

Apart  from  the  formation  of  cymene  from  the  terpenes,  there 
is  no  evidence  proving  that  the  CgH^  gionp,  which,  it  is  supposed,  is 
present  in  aU  the  terpenes,  is  |nnq]9y/ and  not  tNprepyi  Thebeha- 
▼ioor  of  the  oxidation  prodacts  of  oidinaiy  tnipentine  oil  appears 
rather  to  favour  the  conclusion  that  it  is  isopropyl.  Thus  when 
turpentine  oil  is  oxidised  with  dilute  nitric  acid,  the  so-called 
diaifireiie  add,  C^H^O^,  is  produced,  but  this  very  readily  loses 
a  molecule  of  water  and  is  converted  into  tenhie  add,  C^H^gO^; 
on  distilling  terebic  acid,  pyroterebUs  acid,  C^ll^fi^  is  obtained, 
and  this,  when  heated  with  hydriodio  acid,  is  conyerted  into  a 
acid,  Cfi^fi^  identical  with  that  formed  from  isoprimaiy 
(fermentation)  amylic  alcohoL  This  caproio  add  is  represented  by 
the  formula : 

Cn(CH3)3.CHc,.CH2.COOH, 

and  there  can  be  little  doubt,  there^re,  that  all  the  acids  men- 
tioned contain  isopropyl,  thdr  most  probable  formula  being . 

CH(CH,),.CH  (OH)  .CH  (COOH)g  j  CH(CHJyCH— CH.COOH 

Diatercbio  Mid.  |  |  ; 

O  —  CO 

Twebioadd. 

CH(CH3VCHziCH.COOH. 

Hence  it  would  seem  probable  also  iliat  turpentine  is  an  iso- 
propyl derivative  (Fittig  and  lCielck,Z)dMf.  ehem.  Get.  £ier.,vii.  649). 
From  these  considerations  it  is  evident  that  we  must  regard  tiie 

constitution  of  the  terpenes  and  the  nature  of  their  relation  to 
cjmene  iis  problems  still  far  from  being  solved. 

Taradiefhylhenzene  :  0,11,(0,11,),,  (0  JI^ :  OJI.  =  i  :  4).— Fittig  and  Konig 
{Ann.  Chcin.  Vharm.,  cxliv.  285)  obtaiut-d  thw  hydrocarbon  by  the  actiou  of 
sodium  on  a  mixture  of  brometbylbenzene  and  etbjLio  bromide.  Since  the  ac- 
tion of  bromiM  on  mrthylbeiiMiM  or  tolnfliie  Itsdt  to  tho  femuitaon  of  two  iso* 
merio  bnmiotolQfliiMf  it  is  highly  piobably  that  this  it  al«o  liio  esse  with  «lhyl- 
benzenc,  and  that  therefore  Fittig  and  KSnig's  product  was  a  mixture  of  para^ 
and  orModiethylbenzene.  Diethyl  benzene  is  a  colourless  liquid  of  pleasant  odour, 
which  boiliiat  178° — 179°  (3 5 2 "•4— 3 5 4"' 2  F.)  of  the  sp.  gpr.  0  870  at  IS^'S 
(59*^-9  F.).  When  oxidized  with  dilute  nitric  acid  it  fumiahes  ethylbenaoicadd, 
C«H,  (C.H  J.(X)OH,  bat  ebramie  acid  OKidiM  it  to  tenpbthalio  aoid. 
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JUih^ldimea^lbetmeM:  C^,(CH^,(C,H,),  (CH, :  CH,  :  C,H,  =  1:3: 4).— 
Mting  00  brooMK^lciM  with  etbyUe  uomido  and  fodiiiniv  Fittig  and  l^mfc 
{^id.  eszztt.  i93)obldiied  m  athjldiiMllijlbeiuEaie  in  all  probability  oooriitiiig 
Akfy  of  tha  modification  (CIT,  :  CH,  :  CJH^s  1:3:4),  but  also  oontalninf 

the  modification  (CH,  :  C^H,  :  CIl, i  :  2  :  4),  aa  coal  tar  xylene  was  em- 
ployed. The  hydrocarbon  thus  prepared  boiU  at  183° — 1S4''  (36l***4 — ^363^-2 
F.),  and  at  20"  (68  '  h\)  has  the  sp.  gr.  0  S783. 

BO^Uimtth j/lbeiuuM :  C,H,(CH,),(C,H,).  (CH, :  CH,  :  C,H,  =  1:3:  5).— 
This  hydrocarbon  may  be  aaid  to  be  tiie  true  homologue  of  meaitTlene,  and  to 
be  the  second  term  of  the  series  of  hydrocarbons  formed  from  benzene  by  the 
displacement  of  three  atoms  of  hydroj^en  by  radifles  of  the  form  C„H^+,, 
these  radicles  being,  moreover  symmetricr  lly  placed.  It  is  produced  by  a  method 
aimilar  to  that  which  furnishes  mesitylene,  viz.,  by  diHtilling  a  mixture  of 
dimethylkatoiM  4Nr  acetone  and  nethylethylkc^ooe  with  aalphnrie  acid 
(Jaoobam*  DmU,  ekmm,  Qet,  Ser,,  TiL  1430) : 

aCH,.CO.CH,  +  C,H,.CO.CH,  -  3OH,  =  C,H,(C,HJ(CH,V 
DtaMltflkitoM.      BdqrlmethTlkatoiie.  BtkyldioMthTllMBniit. 

It  boils  at  180°— 182°  (356*'-359''-6  F.),  and  at  20**  (68"  F.)  has  the  sp. 
gr.  0*864.    When  oxidized  by  dilute  nitric  acid  it  furnishes  mesityieuic  acid, 

Teiramethylbenzene :  CJT.fCH^),,  (CTI,  :  CH3  :  CII,  :  CH,  = 
1  :  2  :  3  :  5). — When  a  mixture  of  iiietliylic  iodide  and  broiiio- 
mesitylene  dissolved  iu  pure  Ix  nzeue  is  heated  with  sodium  to 
about  150°  (302°  F.)  a  reaction  takes  place,  and  by  submitting  the 
protluct  to  iiactional  distillation  a  hydrocarbon  of  the  compositioa 
C^pHj^may  be  isolated.  It  boils  at  192° — 194°  (377°'6 — 3H1  "2  I.), 
and  does  not  solidify  wheu  cooled  in  a  mixture  of  ice  and  aalt 
(Jannasch,  ibid.  viii.  355). 

Tetramethylbensene  or  Durme :  CfiJfiVL^^, — A  mixture  of 
methylic  iodide  with  monobromopseudocumene  dissolved  in  etheri 
is  slowly  acted  on  by  sodium  at  the  ordinary  temperatare,  a 
crystalline  tctramethylbenzene  being  produced.  Durene^  as  this 
hydrocarbon  has  been  termed^  crystallizes  from  alcohol  in  pnsms  }* 
it  melts  at  So**  (176®  F.),and  boils  at  189**— 191**  (37a*'-a— 37i**"8  F.) 
(Fittig  and  Jannascb,  ZdU,  chem.  [i],  vi  161).    When  oudised 


•  Paradimethjlbenzeiie  or  paraxylene  and  durene  (tttrumethylbenzene) 
are  the  only  two  crytttalliuc  hydrocarbons  whiuU  have  been  ubuiued  from 
beniene,  which  itself  ciyatalliaea;  it  ia  noteworthy  that,  starting  with  benaene 
and  pasMng  firom  it  through  toluene  to  |»araxylene,  and  thence  through  paendo- 
cnmene  to  durene,  the  intermediate  terms  of  this  series  are  liquid,  and  there  is 
a  peculiar  relation  in  the  boil! nt;- points,  the  difliMcncp  botween  each  solid  and  the 
next  higher  liquid  hydrocurboti  being  30"^  (Cent.)  and  between  the  liquid  aind 
the  next  higher  solid  hydrocarbon  25° ;  thus  : 

Benzine.  Tulutue.         Parnxvlenc.    PseudiKUtmnc.  Dureue. 

Melting  point       7^  liquid.  15°  liquid.  8c^. 

BoUuig  point     8i'  in**         ijC^  s        i66*  191*. 
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with  dilute  nitric  acid,  it  furnishes  a  mixture  of  cumylic  acid, 
C.H.lCH^lg.COOII,  and  cnrnidic  acid,  C,H,(CH,^iCOOII), 
(Jannasch,  ibid.  vi.  449  ;  vii.  33).  Dureue  may  also  be  obtained 
by  the  action  of  sodium  on  a  mixture  of  metliylic  iodide  and  the 
dibiomoxylene  from  coal  tax  xylene  (Jaouasch^  Deui,  chem,  Ges. 
Ber.,  yiL  692). 

Since  mesitylene  has  the  constitution  (CHj  :  CHg  :  CH,  = 
^  •  3  '  5)     ^  only  pcwsible  to  obtaiu  from  it  a  single  tetramethyl- 
benzene,  but  psendocnmene  may  ftumish  three  modifications  of 
tetramethylbenzene ;  tbns: 


CH 


CH3 


CH,  CH, 


CH. 


CH3 

CH,  CU,i.^CH, 
CH,  CH, 


I. 


n. 


III. 


One  of  these  (iii.)  it  will  be  seen,  is  identical  with  that 
derived  from  mesitylene,  and  the  constitution  of  durene  must 
therefore  Ijc  that  expressed  by  fig.  i  or  fijr.  11.  At  present  there 
is  not  sufhcient  experimental  evidence  to  decide  which  of  these 
sbonld  be  adopted^  but  the  latter  appears  to  be  the  more  probable. 

(1303)  Htdaocaebons  :  CjjHjg  s  148. — Five  of  these  are 
known,  viz. :  two  isomeric  Amylbenzenes,  two  isomeric  Propyl' 
iUmetkylbenzenei,  and  a  Diethyimethyidenzene. 

fi'AmyJbeHZuu  C.H^CH,.CH,.CU(CHJ,,  is  formed  by  td&aa  of 
Mdimn  on  a  miztnre  of  bromobenMne  aod  isopriniMry  amylto  hnmuda*   It  is  a 

liquid  of  peculiar  odour,  quite  different  from  that  of  benzene ;  itbmls  at  193^ 

(379'^*4  F.).     When  oxidized,  it  furnishes  benzoic  acid. 

O-Amylbenzene :  C,H..ClI(l',H^),. — Ijippmann  and  Louguinine  (ihid.  cxW. 
106)  obtained  this  hydrocarbon  by  the  action  ofziocio  ethide  diiitiulved  in  ben- 
aene^  on  a  benzene  eolation  of  the  oomponnd  O^H^.CHd,  from  tdaene : 

C.H^CHCl,  +  2Zn(C,UJ,  =  C.1I..CH(C,H^,  +  ZnClC.H^ 

After  purification  by  heating  with  sodium  in  sealed  tubes  to  200*  (392*  P.),  it 
boik  at  about  178°  (352'''4  F.) ;  iU  ep.  gr.  at     (32*"  F.)  being  o'875- 


*  leoprinary  ■mylie  bromide  ia  obfauned  firom  fermentation  amylio  alcohol, 
which  appeon,  however,  to  be  a  mixture  of  the  A0O  iaoprimaiy  amyUe  aloohola 

CH(CH,),.CH_.CH,(OH)  and  CH  |        j.  .CH,(OH),  tiie  former  being  the 

ciiiet  coni«tituent  (&ee  amy  lie  alcohoU) :  iieuce  all  the  aniyl  derivatives  of  benzene 
obtained  with  it  are  doubHeee  mixtures  of  /S-auiyl— ClI(CH,),.ClI,.Cil,— and 

y-am^I — (JH  |        |  .CH,— corapounda. 
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Propt/ldimethylbensene  :  CJI,(C,H,)(CH,),,  (CH, :  CH, :  C,H,  =  1:3:  5).— 
This  hydrocarbon  is  the  third  term  of  the  "  mMitylene  aeane»"  and  is  obtainid 
bj  distilling  a  miztiin  of  dimsihylkaiooe  and  propyhnethylketona  witii  snl- 

phurio  acid  (Jacobsen,  Deut.  chtm.  Get.  Ber.,  viii.  1258).  It  boils  at 
306°— 21  o**  (402°'8— 410°  F.).  When  ooudized  with  dUute  nitrio  aeid  ik 
fayniahes  mesitylenic  acid. 

Laurene  :  C,H,(C,H,)(CHJ^. — Laarene  is  obtained,  together  with  other  pro- 
ducts, when  camphor  is  distillad  with  smoio  chloride  (Fittig,  Edfatioli  and  Jilke, 
Aim.  Okem,  Pkmrm.,  oilr.  149).  It  boils  at  about  188"  (37o''*4  F.),  and  at 
10**  (50**  F.)  has  the  sp.  gr.  0-887.  It  is  oxidiied  by  dilute  nitric  acid  to  an 
acid  of  the  composition  CjHj{CHj)2.CC)0H,  which  appears  to  be  identical  with  the 
paraxylic  acid  Irom  pseudocumene.  It  is  uot  known  whether  laurene  is  a  propyl 
or  isopropyl  derivative,  but  from  the  lowness  of  its  boiling-poiot  as  compared 
with  that  of  the  propyldimethylbenMM  aboro  dasoribed,  it  appears  not  unlikdj 
that  it  is  an  isopfopg^dimetti^baiiMno. 

Diethylmethylhenzene:  C,H,(C^J  (CH,),  (CH, :  C,H,:  1:3=  S)  — 

This  hydrocarbon,  which  is  also  a  menibor  of  the  mcsitylene  series,  is  formed  on 
distilling  a  mixture  of  dimethjlketone  and  ethylmethylketone  with  sulphuric 
acid  (JacobHcu).  It  boils  at  1 98^—200°  (388'-4— 392°  F.),  and  at  20°  (68'  ¥.) 
has  the  sp.  gr.  0-879.  ^01^  boiling  with  dilate  nitric  add  it  ia  oiidiaed  to 
UTitie  add,  OA(CBU(COOH)^ 

Hydrocarbons:  Cj2H^g=i62. — Only  three  such  are  known, 
yiz,  :  fi'Hej:ylbenzene,  f^-Amylmethylbenzene  and  Tridhylbenzene. 

(1304)  Q-Hcrylhenzcne :  C.  H^.CH,.C1I,.CH,CH(CH,X.  is  obUined  by 
the  action  of  sodium  on  a  mixture  of  benzylic  chloride,  C,U^.Cii,Cl,  and  iso- 
primary amylic  bromide  (Anmhdm,  Amm,  Chm*  Piarm.,  dzzi.  233}.  It  boib 
at  ai4*— 215*  (4i7**-a— 419*  F.>. 

f  OTT 

^'AmyliMthytbentene :  ^V^^|,j}i'ch  CH(Cir )  ®*8«*f«Wai 

cili.  162)  prepare{l  this  hydrocarbon  from  bromotoluene  and  isoprimary  amylic 
bromide  by  tlie  action  of  sodium.  As  they  employed  crude  bromotoluftne,  their 
product  was  donbtlcM  a  miztore  of  pata-  and  oriho'  ^-amylmethylbennnt.  It 
boiled  at  213"  (4is''-4  F.),  and  at  9*  (48'*'2  F.)  had  the  sp.  gr.  0*864.  When 

oxidized  with  chromic  acid,  it  gave  terephthalic  and  acetic  acids. 

Triethijlhcnzcnc  .-  C,H,(Cjr),,  (C^H,  :  C,H,  :  CJI,  -  I  :  3  :  5).-The  only 
known  triothylbenzene  belongs  to  the  meeityleno  series,  being  obtained  by  dis- 
tilling ethylmethylketone  with  sulphuric  acid  (Jacobsen) : 

3CJT,.C0.CH,  -  3OH,  -  C,H,(C,H.),. 

EUijrlmethjlketone.  Triethjlbcnzcuo. 

It  boils  at2i7''— 220°  (422'''6— 42R'  F.) ;  when  oxidized  with  chromic  add  it 
appears  to  furnish  trimesic  add,  C,U,(C001i)^ 

(1305)  Htdbocabbons  :  C^fi^^i'j6, — Two  only  are  known^ 
▼ii. :  ^Amigldimethytbeiuseiie  and  Metkyldipropyibensme, 

^•Amyldim^hsilbenzenB:  GfiJ\^^^^^^CR(p^y^^J!irj^  „a  Bigot 

obtained  this  hydrocarbon  by  the  action  of  aodiam  on  a  mixture  of  isoprimary 

amylic  bromide  and  broraoxylcnc.  As  coal-tar  xylene  was  employed,  their  pro- 
duct was  doubtlefis  a  mixture  of  the  mo<!iruations  (CIIj :  CHj :  C^H,,  =  1:3:4) 
and  (CH,:C.H„  :  CH,=  1:3:4)-  it  boiled  at  232—233^  (449'"6— 4il"-4 
F.),  and  at  9"  (48°-2  F.)  had  the  sp.gr.  0  895. 
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Mrikyldipropytbmucene :  C,H,(CH,)(C.H,)„  (CH, :  C,H, :  C.H,  -  i :  3 : 5).— 
Thk  bomdogM  of  mmkfUnB  b  fiHrmed  bj  dUtiUfaig  m  nbtorB  of  dimethyl- 
ketone  and  propylmetbylketone  with  Bulphurio  acid  (Jacobson).  It  boils  at 
343"— 248°  (469^-4— 478''-4  F.) ;  when  oxidised  with  diluie  nitcio  aoid  it 
fnnuahM  uvitio  add,  C«U.(CH,)(CUOU),. 

(1306)  Hydrocarbons:  €^^.^=204. — ^It  lias  alxeidy  been 

mentioned  that  a  number  of  these  hydrocarbons  are  contained  in 
various  "  essential  oils/'    At  present  nothing  whatever  is  known 

of  their  nature,  but  from  their  occurrence  in  plants  together  with 
pro|)yl-dcrivative8  the  assumption  that  they  arc  tripropy I- derivatives 
of  beruene  docs  not  appear  improbable.  A  short  account  of  some 
of  the  oils  which  contain  these  hydrocarbons  may  conveniently 
be  given  here. 

Oil  of  Cubeht, — This  oil  is  obtained  from  the  fruits  of  Piper  Cuheha,  z. 
shrub  indigenous  to  Java,  Southern  liomeo,  and  Sumatra ;  it  contains  according 
to  recent  experimentii  of  Oglialore  {Deut.  ckem.  Ges,  JSer.,  viiL  1357)  a  small 
qnaatiiy  tt  a  Imrotatory  terpene,  wluoh  boib  al  15^—163*'  (3i6*''4— 
325**4  F.),  a  faBTorotstory  hydroMrbon  of  tiio  oompontion  C^^l^^,  and  a  Moond 
kj^rocarbon  having  far  less  rotatory  power  but  apparently  the  same  compon- 
tiOB.  The  IsDvorotatory  hydrocarbon  Cj^H^  boils  at  264**— 265°  {$o']''-2 — 
509**  F.),  and  at  0°  (32*^  F.)  has  the  sp.  gr.  0*9289 :  it  combines  with  hydro- 
chloric acid,  forming  a  crystalline  dihydrochloride,  Cj^Hg^CI, ;  this  melts  at  about 
1 18^  (244'*4  F  ).  «nd  whon  heated  with  water  to  lyo'— 180**  (338'*~356*'  F.), 
it  is  decomposed,  the  original  hydrocarbon  being  separated.  The  seoond  C,gH^ 
hydrocarbon  is  said  to  boil  at  263'— 864®  (50S''4— 507'*a  F.).  Imt  doea  not 
oombine  with  hydrochloric  acid. 

Oil  of  Cloves. — This  oil  is  obtained  from  the  sun-dried  flower  buds  of  the 
£ugtma  caryopkifUaiat  an  evexgreen  tree  indigenous  to  the  ^original  Moluocaa 
or  Clove  lebuide,  hot  now  onltivated  in  Smnabfa,  tlie  Maeotfcna  lehnds,  the 
klanda  of  Zanabar  and  Pemba  on  the  Eastern  coast  of  Africa,  the  West  Indies, 
Ac.  Clove  oil  consists  chiefly  of  eugenol,  0,^11,^0^,  but  contains  a  relatively 
•mall  quantity  of  a  IffiTorotatory  C,jHj^  hydrocarbon,  and  other  substiinces  of 
unknown  composition.  The  hydrocarbon  boils  almost  constantly  at  247^* 
(476°-6  F.),  and  at  15°  (59*"  F.)  hsit  the  sp.  gr.  0  905  (Church,  Jbara.  (Sigm, 
Ae^smiL  113).  It  abeorte  hydiodikrie  aeid,  bat  llba  neidtiag 
has  not  been  examined. 

Oil  of  Rotewood. — The  oil  obtained  by  distilling  rosewood  with  %vater 
contains  a  lajvorotatory  hydrocarbon  of  the  composition  Cj^Hj^.  which  boila  at 
249  (480^*2  F  ),  and  readily  absorbs  hydrochloric  acid.  (Gladstone.) 

OU  cf  CotowKfc— Tho  <hI  diaiilled  from  tiie  root  of  .^eonw  Giloi*it(#ooniiete, 
aceofdiog  to  Knrbatow  {J>€ut.  chem.  Chs.  Ber.^  n.  laio),  of  a  terpene,  boiling  at 
158* — 159*'  (3i6*'-4 — 3i8''*2  F.),  which  forms  a  crystalline  hydrochloride,  and 
*  C„H„  hydrocarbon,  which  boile  at  255°— 258**  (49 1**— 496** '4  F.),  and  doat 
not  unite  with  hydrochloric  acid. 

OU  ^Paiekoull—Th^  oil  diatilled  from  PogoHemon  FtOcktmlh  a  labiate 
plant  indigenone  in  the  Eaat  India  lalande,  eontaine,  aooording  to  Gladitone,  a 
UeroiotattNy  CJBL^  hydiooarbon  boiling  at  aboat  257*  (494**6  F.). 


The  corrected  boiling-point  is  253°'9  (4B7"'4  F.)< 
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Haloid  Derivatives  of  Benzene  and  its  Homolognes, 

(1307)  Pr€77ara(t(m.— Hie  chloio-  and  bromo-deriyatiTies  of 
the  members  of  the  benzene  series  are  formed,  as  already  stated^ 
bv  the  direct  action  of  chlorine  and  bromine  on  the  hydro- 
carbons, but  they  may  also  be  obtained  by  another  method, 
which,  moreover,  is  available  for  the  prc])aratiou  of  iodo-deriva- 
tives,  and  which  is  of  special  im})ortaucc,  as  it  enables  iis  to 
trace  the  connexion  of  the  haloid  compounds  with  other  sub;?ti- 
tution  derivatives.  The  method  in  question  is  commonly  spoken 
of  as  the  method  of  (friess,  the  chemist  by  whom  it  was  intro- 
duced. It  will  be  best  understood  by  reference  to  a  special  case 
— the  conversion  of  benzene  into  cliloro-,  bromo-  and  iodo- 
benzene,  for  example.  The  hydrocarbon  having  been  converted 
into  the  nitro-derivative  by  the  action  of  nitric  acid,  is  treated 
with  a  reducing  agent,  and  thus  converted  into  the  amido- 
derivative  (see  Amido-derivatives  of  Benzene,  &c.).  Now  Gziess 
has  shown  that  when  the  nitrate  of  the  amido-derivative  is  snb- 
mitted  to  the  action  of  nitrous  acid,  a  so-called  diazo-componnd 
is  produced  (the  properties  of  this  dass  of  bodies  will  else- 
where be  more  fully  described)^  thus : 

C,TT,NIl3(N03)  +  HNOj  =  CJI-.N.CNOg)  +  2OH,; 

Auiidubcuzene  nitrate.  Diazobcnzcue  nitrate. 

and  that  if  this  diasobenzene  nitrate  be  then  mixed  with  platinic 
chloride  solution^  a  douUe  salt  of  diasobensene  chloride  and 
platinic  chloride  is  precipitated,  which  furnishes  chlorobenaene 
on  distillation  with  sodic  carbonate^  being  broken  up  in  the 
following  manner : 

sC.lIs.KCl.PtCl,  =  aCgHgCl  +  N,  +  Pt  + 

Duizob«nzene  pittlnochloride.  Chlorobenwne. 

To  obtain  bromobenzene,  the  diazo-nitrate  is  treated  with  bromine 
water,  and  the  resulting  diazobenzene  perbronnde  is  submitted  to 
distillation  with  sodic  carbonate : 

C,II-,X,Br3  =  qH.Br  +  Nj  +  Br^ 

niozobcuzeue  perbromidfl.  Bromobenzenc. 

The  bromo-derivative  is  usually  best  prepared,  however,  by 
boiling  the  diaxo-perbromide  with  anhydrous  alcohol,  or  in  some 
cases  by  the  action  of  a  concentrated  solution  of  hydrobromie 
acid  on  the  diazo-derivatiTe. 

The  preparation  of  the  iodo-deriyative  is  somewhat  easier,  as 
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it  is  merely  uecessary  to  convert  the  diazo- nitrate  into  the  corre- 
spouding  sulphate^  and  thea  warm  with  a  concentrated  solution 
of  iijrdriodic  acid ;  « 

CeH^.N^lHSOJ  +  HI  =  C.HJ  +  N,  +  H^SO^. 

Griess's  method,  therefore,  enables  us  to  displace  the  NHj 
group  by  CI,  Br,  or  I,  and  therefore  the  NOo  group.  The 
method  appears  to  be  applicable  to  all  the  monamido-deriTatives 
obtained  from  the  nitro-derivativeSj  but  it  has  not  as  yet  been 
extended  to  diamido-derivatira ;  unfortunately,  however,  the 
preparation  of  the  diaso-compouuds  is  often  a  matter  of  con- 
nderable  difficulty,  on  account  of  their  instability;  and  in  all 
cases  it  requires  careful  and  skilfid  manipulation. 

Griess's  method  also  enables  us  to  prepare  haloid  deriTatives 
of  the  hydrocarbons  of  the  bensene  series  from  their  haloid-amido- 
deriTatiTes,  formed  by  the  action  of  the  halogens  on  the  acet- 
amido-derivatives,  or  in  other  words  to  displace  the  NH^  group 
by  hydrogen.'  For  this  purpose  the  nitrate  of  the  haloid  amido- 
derivatiTe  is  converted  into  the  diaao-nitrate,  from  which  the 
diaso-sulphate  is  prepared;  and  on  heating  the  latter  with 
anhydrous  alcohol  nitrogen  is  evolved  and  the  haloid  derivative 
is  produced,  thus : 

CVI,Br,.NH,(NOJ  4-  UNO,  =  CVI,Br,.N,(NO,)  +  aOH.8 

nibromamidobeDX^ie  nitrate.  Dibromixliozobcnzc-nc  nitrate. 

C^,Br,.N,(HSOJ  +  C,H,.OH  =  C.H^Br,  +       +  C,H^O  +  HJBO^ 

It  is  usually,  however,  sufficient  to  add  the  halmd  amido- 
derivative  to  alcohol  saturated  with  nitrous  anhydride,  that  is  to 
say,  to  act  on  it  with  ethyUc  nitrite  : 

C.H^r,.NH,  +  NO^.C,H,  =  C,H,Br,  +        +  C.H^O  +  OH,. 
PttroiMinklolminaiMb    KtbjUo  nitrite.  DilmnobannDa.  Aldsl^d*. 

Chloro-  and  bromo-derivatives  of  the  hydrocarbons  of  the 
bensene  series  are  also  obtained  by  distilling  phenol  and  its 
bomcdogues,  and  their  haloid  deiivatives,  with  phosphoric  penta- 
chloride  or  bromide : 

C,H,.OH  +  pa,  =  C.Ufii  +  HCl  +  POCl,. 

PhoQoL  ChloroUiiMM. 

Many  of  the  haloid  derivatives  of  the  hydrocarbons  of  the 
bensene  series  are  oily  liquids,  whilst  the  remainder  are  crystal- 
line solids;  they  are  all  insoluble,  or  nearly  so,  in  water,  but 
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soluble  in  alcohol  and  many  of  the  ordinary  solvents.  Excepting 
those  formed  by  the  displacement  of  hydrogen  in  the  "  side 
chain''  they  are  all  extremely  stable,  the  halogen  being  displaced 
only  with  consideral^le  difliculty. 

(1308)  Haloid  Derivatives  of  Benzene. — ^Bsnikne  Hexa- 
BROMiDE  or  Hex€U)romh€xylene :  CgH^Br^. — There  can  be  little 
doubt  that  the  first  action  of  bromine  on  benzene  is  to  produce 
the  additive  CQmponnd  C^H^Br^j,  but  all  attempts  to  isolate  this 
have  failed  on  account  of  its  instability.  The  additive  compound 
CfHfBr^  is  also  unknown,  but  the  hezabromide  C^H^r^  can 
mdily  be  obtained.  To  prepare  this  compound,  a  mixture  of 
benzene  with  excess  of  bromine  is  exposed  to  bright  sunlight  for 
several  days  in  a  large  flask ;  the  product  is  purified  by  crys- 
tallization  from  ether,  from  which  it  separates  in  minute  wUte 
rhombic  prisms.  It  is  ibsible,  but  is  at  the  same  time  partially 
decomposed ;  when  heated  with  an  alcoholic  solution  of  potassic 
hydrate  it  furnishes  a  tribromobensene. 

(1309)  Bbomobenzene  or  Phenylic  Bromide :  CgHgBr. — To 
prepare  this  compound  a  mixture  of  benzene  and  bromine  in  the 
proportions  of  their  molecular  weights  (78  :  160)  is  allowed  to 
stand  at  the  ordinary  atmospheric  temperature  for  several  days. 
The  bromine  does  not  disappear  entirely  even  after  long  standing, 
but  at  the  end  of  eight  or  ten  days  about  three-fourths  of  the 
benzene  is  usually  eonverted  into  bromobenzene,  a  small  quantity 
of  di-  and  tribromobenzcne  being  also  formed.  The  product, 
after  being  washed  with  a  solution  of  sodic  hydrate  to  remove 
bromine,  and  dried  with  calcic  chloride,  is  submitted  to  fractional 
distillation.  Pure  bromobenzene  is  a  colourless  liquid,  of 
pleasant  aromatic  odour,  and  is  insoluble  in  water  ;  it  boils  at 
154°— 155°  (309°  a—3ii°  P.),  and  at  0°  (54°  F.)  has  the 
«p.  gr.  1*517* 

(13 10)  BiBROMOBENSBNBS :  C^H^Br,. — ^Three  isomeric  modi- 
fications of  dibromobeniene  are  known,  two  of  which  are  pro- 
duced by  the  direct  action  of  bromine  on  benzene.  The  manner 
in  which  Komer  has  determined  their  constitutioix,  it  will  be 
remembered,  has  already  heen  described  (p.  268). 

Paradibromobenzene :  Cflfir^f^  (Br  :  Br  ss  i  :  4). — To  pre- 
pare  this  body  a  mixture  of  one  mdecnle  of  benzene  and  rather 
more  than  two  molecules  of  bromine  is  heated  on  the  water-bath 
in  a  retort,  the  neck  of  which  is  fosed  on  to  the  end  of  a  Idebig't 


Digitized  by  Google 


1310.] 


DIBBOMOBENZENE8. 


aoi 


oondenfler,  the  ocmdenaer  being  to  inclined  that  the  condeneed 
vapoon  of  beniene  and  hromine  flow  back  into  the  letort  The 
heating  is  oontinned  imtQ  bat  little  hydrobiomic  add  is  efolved, 
and  the  omtents  of  the  letort  become  solid  on  cooling ;  the 
prodnct  is  then  washed  with  soda,  and  distilled  in  a  eonent  of 
steam.  The  oil  which  passes  over  usually  deposits  a  large 
quantity  of  crystals  on  cooling ;  these  are  drained  from  the  oil 
on  a  vacuum  filter,  and  the  latter  is  cooled  in  a  refrigerating 
mixture,  which  causes  the  separation  of  a  further  quantity  of 
crystals.  This  crude  dibromobenzene  is  then  purified  by  one  or 
two  crystallizations  from  hot  alcohol,  in  which  it  is  readily 
soluble,  although  it  separates  almost  entirely  on  cooling. 

Paradibromobenzene  may  also  be  prepared  from  parabrom- 
amidobenzene  or  parabromaniline,  CgH^Br.NH^,  by  the  method 
of  Griess ;  or  by  distilling  parabromophenolj  C^H^Br.OUj  with 
phosphoric  pcntabromide. 

Pure  paradibromobenzene   crystallizes  in   large  colourless 
monoclinic  prisms.    According  to  Kcirner,*  it  melts  at 
(194*7  F.),  and  boils  at  2i8°-6  {425°' 5  F  )  under  the  pressure  of 
757*6  mm.  of  mercury  at  17*7  (64°  W,),  the  thermometer  stem 
being  entirely  immersed  in  the  vapour. 

MetadibrofMbemme :  C^H^Brg,  (Br  :  Br=i  :  3). — Thismodi- 
fication  has  been  prepared  by  Qriess's  method  from  meta- 
bromaniline  or  metabromamidobeniene^  C^H^Br.NH,,  and  by 
displacing  the  NH^  group  by  hydrogen  in  the  dibromaniline  or 
dibromsmidobensene,  GfHgBr,.NHg^  obtained  by  brominatang 
aoetanilid  or  aoetsmidobenienej  CJEL^J^ll,CJ&fi,  and  acting  oa 
the  resulting  dibromacetanilid  with  potaasic  hydrate : 

CeH^rrNH.C,U«0  +  KHO  s  C«H,Brs.NH,  +  ILQjdfi^ 

It  is  a  eolf)urlcss  liquid,  which  docs  not  solidify  at  —28*'  (— 18°'4 
F.),  of  the  density  1*955  (65°-4  F.) ;  it  boils,  according 

to  Kcimer,  at  2i9°'4  (426°*9  F.)  under  the  pressure  of  754*8  mm. 
of  mercury  at  19°  (66°" 2  F.),  the  whole  of  the  mercury  column 
of  the  thermometer  being  heated  by  the  vapour.  Concentratetl 
nitric  acid  converts  it  into  a  mixture  of  two  isomeric  nitrodi- 
bromobeoseuesj  Cfli,Br..NOy  one  of  which  melts  at  6i°'6 


*  Ths  Ofiginsl  msnunr  in  whleh  sU  ESmor't  itstemoDtiy  lefismd  to  in  tiis 
fiovnsof  ttisdMniptiim  of  tilt  benseiMdiriTstivWtSnscm  is  in  the  (TasseMa 
Chimica  Italiana,  1874,  p.  305  et  seq. ;  an  abstract  of  this  OMnioir  it  giftQ  in 
tht  Jowmal  Ckemical  Sodetjf,  voL  zzix.  p.  204. 
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(i4**^*8  F.),  and  the  other,  of  which  only  a  very  small  quantity  is 
Ibnned,  melts  at  8***  (i79°'6  F.)  (Korner). 

•  Orthodibromobensene  :  C^Hfir^  (Br  :  Brss  t  :  a). — The  oil 
which  drains  from  the  crystals  of  paradibzomobensene  consists 
cihiefly  ci  orthodibromobenaenei  althongfa  zdatiTely  yery  little  of 
this  oomponnd  is  produced  by  the  action  of  bromine  on  bensene, 
and  it  also  contains  additive  componnds,  vbich  are  lemored  by 
boiling  it  fbr  some  time  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate ;  it  is  then  precipitated  by  water^  dried,  distiQed, 
and  the  portion  boiling  at  213** — 316®  (4i5°'4 — F.)  col- 
lected apart.  In  order  to  free  this  product  from  paradibromo- 
benxenCj  it  is  cooled  in  a  very  caiefally- prepared  mixtnze  of  ice 
and  salty  and  the  crystals  which  separate  are  filtered  off  on  a 
vacuum  filter  surrounded  with  a  refrigerating  mixture.  These 
operations  are  repeated  several  times  until  a  product  is  obtained 
from  which  crystals  110  longer  separate  even  at  — 28°  (i8°*4  F.) 
(V.  ^Icycr,  ])eut.  chem.  Ges,  Ber.,  vii.  1560), 

Korner,  who  has  pn^pared  orthodil)roraobenzcnc  from  ortho- 
bronianiidobenzene  by  Griess's  method,  states,  however,  that  it 
crystallizes  when  cooled  to  —6°  (2i°'2  F.).  The  product  from 
benzene  is  said  to  boil  at  about  215°  (419°  F.)  (uncorrected)  ; 
but  Korner's  product  boiled  at  223°-8  (179°  F.)  under  the 
pressure  of  7  ji'^  mm.  of  mercury  at  i8°'2  (64°"8  P.),  the  mercury 
column  of  the  thermometer  being  immersed  in  the  vapour.  Its 
specific  gravity  is  2*003  at  0°  (32°  F.),  and  1*977  at  i7°*6 
(63°* 7  F.)  (Korner).  Concentrated  nitric  acid  converts  it  into  a 
nitrodibromobenzene,  which  melts  at  57^*8  (136°  F.)  (Kdmer). 
According  to  V.  Meyer  {loc,  ciL),  this  nitroorthodibromobenzene 
crystallizes  in  monoclinic  prisms^  whereas  the  isomeric  nitro- 
metadibromoboiaene  melting  at  61^  (141^*8  F.)  crystallises  in 
tridinic  prisma. 

(131 1)  TuBBOMOBENSBins :  C^HgBr,.— The  tiuree  isomeric 
tribromobensenes  which  are  possiUe  acooidiag  to  EeknM's  hy« 
pothesis  have  been  obtained.  The  manner  in  which  the  oomti* 
tntion  of  these  eomponnds  is  inferred  from  their  relation  to  the 
three  isomeric  dibromobenxenea  has  been  previously  deacribed  in 
oonnerion  with  the  discussion  as  to  the  oonstitntion  of  the 
beniene  derivatives  generally  (p.  268). 

PanUrikromoUneme  :*  C^H^Brg,  (Br  :  Br  :  Br=i :  3  :  5). — 


*  It  may  be  laid  down  as  the  result  of  oxperienco,  and  entirely  without 
relbrenco  to  any  hypothesis  as  to  the  relative  position  of  the  radicles,  that  in  the 
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This  componiid  is  readily  obtained  by  the  action  of  ethylic  nitrite 
on  ordinary  tribroinauilmc,  CgHjBrj.NH^  (Stiibcr,  DetU,  chem. 


case  of  the  utomeriu  di-deriratives  of  benzene,  the  ;>ara-di-derivativet  tan  those 
whieh,  itImii  aaoUier  atom  of  hydrogen  ii  displaced,  eon  onlt/  give  rim  to  anrngU 
tri''dMioaHve  g  whilst  the  orMo-di-derivatiTei  are  thoee  whioh  esn  give  rise  to  two 
iiomerio  tri-derivatiTee,  and  the  meta-di-dorivstives  those  wlu<^  can  fumi«h 

ihr^e  isomeric  tri-derivativpp.  Siiiiil.irly,  wp  may  call  the  three  t<erie8  of  isomeric 
tri-derivatives  para-,  ortho-.  or  u)v(a-  compounds,  according  as  when  another 
atom  of  hydrogen  is  displaced,  they  can  give  rise  to  the  formation  of  a  single  tetra* 
dorivstive,  of  ^leo  ieooierio  tetva-deriTBtiYes,  or  of  iktM  iaomeno  tetra^eriTaHrM. 
Bat  tince,  aeoording  to  Kekal^'n  hypothens,  the  tri-derivmtiTes  in  whioh 
the  radicles  are  relatively  in  the  position  i  :  3  :  5,  are  thoee  which  can  only  form 
a  sintrle  tetra-derivative,  they  merit  the  title  oi  para-  compounds;  those  tri- 
derivativcH  in  which  the  radicles  are  relatively  in  the  position  1:2:3  can  fur- 
nish two  isomeric  ttitra-derivatives,  and  therefore  are  the  ortho'  compounds ; 
Isstiy  the  1 : 2 : 4  tri-deriTstiTes  can  fiimiah  thne  teCm^eriTstiTCs,  and  benes 
wo  may  tarm  thorn  «Mto*  oompoonds;  thoa: 
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Get.  Bar,,  iv.  ;  ESmer).  It  may  aho  be  prepared  by  Orieart 
metbod  ftom  tbe  anddometadibiomobeiiaene^  wbich  mfllta  at 
56°*5  {1^3^' 7  F.)  (Kdrner).  Pantribromobenaene  eryataUiiea 
frokn  alcohol  in  long  needles  :  it  melts  at  about  119°  (246^*2  F.), 
and  boila  at  about  278**  {5^2°' 4  F.)  (uncorrected). 

Metatribromobensene :  CgHjEr,,  (Br  :  Br  :  Br=i  :  2  :  4),  is 
the  modification  which  is  produced  by  the  action  of  bromine  on 
benzene,  and  also  when  benzene  hexabromide  is  decomposed  with 
potassic  hydrate : 

C,II,Br,  +  3KHO  =  C,H,Br3  +  ^IL^t  +  3OH,. 

BannncfaezAbnmiidfl.  TrfbromobeoMM. 

It  may  be  obtained  by  distilling  ordinary  dibromopbenol, 
C^HgBr^.OH,  with  phosphoric  pcntabromide^  but  it  is  most  readily 
prepared  by  Griess's  method  from  ordinary  dibromaniline  or 
amidome/odibromobensene,  C^HjBrg.NH^,  which  is  conyerted 
into  the  diaao-peibromide^  and  the  latter  distilled  with  a  large 
ezceaa  of  aodic  carbonate  (Komer).  It  ia  alao  formed  in  a 
similar  maimer  ficom  amidc|Mir»  and  amidoor^ilodibromobeniene 
(Komer) ;  and  henoe  iince  it  can  be  obtained  from  the  thiee 
dibromobensenea  there  can  be  no  donbt  that  the  bromine  atoma 
occapy  the  pooitiona  i  :  a  :  4«  or  which  ia  the  aame  1:3:4. 
Metatribromobensene  ciyatallLEea  from  alcohol  in  abort  needlea ; 
it  melta  at  44"^  (lu^a  F.)>  and  boila  at  about  275°  (527°  F.) 
(nncorrected). 

OHholrilbrmiobenBme :  Cfifir^,  (Br  :  Br  :  Br  si  :  3  :  3). — 
Komer  has  obtained  this  compound  by  mnyerting  dibromopara- 

nitraniline,  CQH3Brjj(N02).NH2,  into  nitrotribromobenzenc, 
CjjHjBr3.N02,  by  Griess's  method,  from  which  a  tribromamido- 
benzene  was  then  prepared,  and  the  NHg  group  in  this  compound 
displaced  by  hydrogen.  The  dibromoparanitrauiliue  was  ob- 
tained from  dibromoparanitrophenol,  CgH2Br2(N02).OH,  by  dis- 
placing the  OH  group  by  the  NHj  group ;  and  since  both  the 
atoms  of  bromine  in  this  compound  are  in  the  ortho-position 
relatively  to  the  OH  group,  it  follows,  that  when  the  OH  group 
is  displaced  by  NH,^  and  this  in  turn  by  Br,  the  three  atoms  of 
bromine  are  contiguous,  thus  : 

Br 
Br/NjBr 

NO,  NO2 

DibromopoTA*  Tribromonitro-  Orthotribroau>> 
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Orthotribromobenzene  crystallizes  from  alcohol  in  ma^ificeat 
rhombic  plates;  it  melts  at  Sf-4  {iS^'^'S  P.). 

(13 1 2)  TETRABBOMoBENZEyES :  C  HJV^. — Only  twu  of  the  three  isomeric 
modifications  are  knowrn,  viz. :  (i  :  2  :  3  :  letrabrvtnobenzene,  which  is  formed 
bj  dbplaeiiig  the  NH,  group  in  ordinary  tribromaniline,  C^H^Br^.NHj,  by  fir 
by  Qriem*«  method  (v.  Richter,  Deut.  chetn.  Ges.  Ber.,  viii.  1428),  or  by  dis- 
tilling ordinar}- tribromophenol,  C^HjBr^.OH,  with  phosphoric  pentibromide ;  and 
that  obtained  by  heatin*^  paradibromobunzene  with  oxwss  of  bromine  to  150" 
(302^  F.)  (Eiche  and  Berard),  or  nitrobenzene  with  bromine  to  250^  (4^^°  ^  O 
(Kdcul^),  in  wbieb  tbobromino  atom«  probably  oocapy  the  position«  1:2:4:  5. 

Both  crjstallixe  ftom  alcohol  in  white  needlee  j  the  former  melts  at  98^*5 
(ao9<'  3  F.),  and  the  latter,  aoootdmg  to  Kekol^,  at  i37*'-^i4o"  (278*-6— 

fi-^i^)  Pextabhomoben-zene  :  CJlBr^. — Kekule  obtained  this  compound 
in  si.iuil  i^uautity  together  with  tetrabromobenzenn,  by  heating  nitrobenzene  with 
hcomtne  to  250°  (482**  F.).  It  ia  almost  insolnble  in  alcohol,  bat  anUimes 
zaadily  in  needles  which  do  not  melt  below  240"  (464"  F*). 

Heiabromobenaene  has  not  been  prepared. 

(1314)  Benzene  IIexachloride,  or  Hexachlorhexuh'iw  : 
Cgll^CI^. — Chlorine  lias  scarcely  any  action  on  cold  benzene  lu 
the  dark,  but  according  to  H.  ^liiller  {Jahresber.  C/iem.j  1862, 
414)  when  chlorine  acts  on  boiling  benzene  even  in  darkness  a 
mixture  of  the  three  additive  compounds,  0^11^.01.,,  CgllgCl^,  and 
C^U  C].,  is  slowly  produced,  and  but  very  little  substitution 
product  is  obtained.  The  only  additive  compound  which  lias 
been  isolated  and  described,  however,  is  the  hexachloride.  This 
body  is  formed  by  passing  chlorine  into  boiling  benzene,  or  by 
introducing  benzene  into  a  large  white  glass  flask  or  bottle  filled 
with  chlorine,  and  exposing  the  mixture  to  sunlight.  The  former 
appeals  to  be  the  easier  inethod,  although  a  very  great  deal  of 
the  chlorine  escapes  without  acting  on  the  benzene :  the  un- 
attached benzene  is  distilled  off,  and  the  crystals  which  separate 
on  cooling  are  lecrystallized  from  benzene. 

Benzene  hexachloride  crystallizes  from  benzene  in  large 
transparent  colouriess  monoclinic  prisms;  it  melts  at  157^ 
(314^*6  F.)  (Heys,  ZeiU,  Chem.  [2],  vii.  293].  It  is  not  in  the 
least  affected  by  boiling  with  fuming  nitric  acid,  or  a  mixture  of 
concentrated  sulphuric  and  fuming  nitric  adds  (Heys).  When 
heated  with  an  alcoholic  solution  of  potassic  hydrate,  it  is  readily 
oonyerted  into  tmdilorobenzene. 

('315)  Chlorobenzene,  or  PkenyKc   Chloride:  C^HgCl. — 
In  presence  of  such  substances  as  iodine,  niolybdenic  |)€uta- 
chloridc,  or  antinionic  ])entae]iloride,  chlorine  acts  rapidly  on 
benzene.    The  use  of  iodine  and  of  antimouic  pentachloiide  was 
8  X 
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first  noticed  by'  H.  Miiller  {loe,  eit,),  and  by  the  aid  of  the 
former  Jnugfleiscb  has  prepand  a  complete  Bories  of  chlorinated 
benzenes.  The  employment  of  molybdenic  pentacUoride  has 
recently  been  introduced  by  Aronheim  {Deui,  ehem.  GtM,  Ber„ 
▼ui.  1400).  Iodine  and  molybdenic  pentachloride  are  lesa 
energetic  reagents  than  antimonic  pentachloridCj  and  are 
therefore  to  be  choeen  when  the  lower  derivatira  are  re- 
quired. 

When  chlorine,  is  passed  into  benaene  containing  iodine  in 

Rohition^  chlorobeuzcne  is  first  formed,  then  dichlorobeniene ; 
and  it  is  only  necessary  to  heat  the  mixture  gently  at  first,  after 
which  tlio  action  pocs  on  by  itself.  When  the  greater  part  is 
converted  into  dicldorobcnzcne,  the  mass  solidifies  on  cooling ; 
Imt  on  continuing  the  j)as.sagc  of  the  chlorine,  it  becomes  liquid 
again  owing  to  the  formation  of  trichlorobiiizcne.  As  the 
change  into  tctrachlorobenzenc  takes  place  the  mass  again  soli- 
difies, and  it  is  necessary  to  beat  more  strongly  during  the  con- 
versiou  of  the  tetra-  into  pcntachlorobcnzcnc,  although  wbca 
the  latter  is  produced  the  mass  becomes  more  fusible.  It  is 
not  easy  to  prc])arc  hexachlorobenzene  in  this  manner,  owing  to 
the  comparatively  high  temperature  required^  and  the  couse- 
queut  loss  of  iodine  by  volatilization. 

All  the  chloro-derivativcs  of  benzene  are  thus  formed  in  rapid 
succession,  and  after  a  certain  time  a  greater  or  less  amoant  of 
each  appears  to  be  present  in  the  product,  although  one  of  them 
always  predominates,  so  that  by  sto])ping  the  action  at  certain 
stages  wc  may  isolate  any  one  of  the  desired  bodies.  SnuUi 
quantities  of  iodoljcnzenes  are  r^lso  present  in  the  miiture;  but  by 
exposure  to  sunlight  or  by  distillation,  these  are  decomposed  with 
liberation  of  iodine,  which  may  then  be  removed  by  treatment 
with  potassic  hydrate. 

To  prepare  chlorobenaene,  chlorine  is  passed  into  benaene 
mixed  with  iodine,  the  mixture  being  gently  heated  at  first,  after 
which  the  action  goei  on  by  itself.  Hie  liquid  ia  distilled  from 
time  to  time,  and  the  portion  boiling  above  z  30^  (266^  F.)  set 
aside,  the  portion  boiling  below  this  temperature  being  again 
submitted  to  the  action  of  the  chlorine.  "When  a  sufficient 
quantity  of  crude  chlorobensene  has  been  obtained,  it  ia  fiist 
purified  by  alternate  agitation  with  potassic  hydrate  solution,  and 
exposure  for  several  daya  to  sunshine,  which  causes  the  deoomposi- 
tion  of  the  small  quantities  of  iodobenienes  present,  and  finally 
fractioually  distilled. 
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Cblorobenzene  is  also  produced  when  phenol  is  distilled  with 
phosphoric  pentachloi  idc : 

4C,Hj.OH  +  PCI,  =  Cfija  +  PO(OC,H^,  +  4HCL 

According  to  Juugfleisch  {Ann.  Ch.  Phys.  [4],  xv.  212) 
chlorobeuzeue  is  a  limpid  colourless,  highly  refractive  liquid  of 
sp.  gr.  ri293  at  o*^  (32°  F.),  1*1169  at  10°  (50°  F.),  and  11088 
at  20^  (68°  F.)  ;  it  boils  at  133^  (271^-4  F.).  When  cooled  in  a 
mixture  of  solid  carbonic  anhvdride  and  ether  it  solidifies  to  a 
crystalline  mass,  which  becomes  liquid  at  about  —40°  (—40°  F.). 
It  is  not  in  the  least  atl'ectcd  when  heated  to  200°  (392°  F.)  in 
sealed  tuhes  with  an  alcoholic  solution  of  potassic  hydrate. 

Lrmi^  copper,  nnc,  and  tin  do  not  act  appreciably  on  chloro- 
benzene  even  at  250°  (482°  F.),  and  it  is  not  attacked  by 
potassium  or  sodium  in  the  cold,  although  it  fumiahet  diphenyl, 
Ci^HjQ,  when  heated  with  these  metals. 

Chlorine  has  little  action  on  chlorobenzene  in  the  dark,  but 
when  the  mixture  is  exposed  to  sunlight  rapid  action  takes 
place,  and  the  additive  compounds,  Cfifi]^  H^Clp  G^H-d^  and 
perhaps  CJBifii^  are  formed ;  if  a  luge  excess  of  chlorine  be 
employed,  higher  chlorinated  compounds  are  also  produced,  such 
as  C^H^CI^  CgH^Cl^  and  CJI^Cl^  (Jungfleisch).  The  only  one 
of  these  that  has  been  obtain^  in  a  state  of  purity  is  the 
compound  C^H^Clg,  which  crystallises  from  chloroform  in  small 
oblique  rhombic  prisms ;  it  does  not  fuse  below  250^  (482^  F.), 
but  undergoes  partial  decomposition  even  below  that  tempera- 
ture; when  treated  with  an  alcoholic  solution  of  potassic 
hydrate  it  furnishes  pentachlorobeniene : 

C,H,Cl3  +  3KHO  =  CeHCl,.  +  3Ka  4-  3OH,. 

(1316)  DlCHLOROBENZENKS  :  Cgll^C^. — The  coutiuucd  action 
of  chlorine  on  benzene  in  ])rc.sence  of  iodine  results  chiefly  in 
the  formation  of  /;aradR  hlorobeiizene,  but  a  small  quantity  of 
oW/iodichlorobenzene  is  also  produced. 

Puradichlorobt  nzene  :  CgH.Cl.,,  (CI  :  Cl=  I  :  4). — Tliis  com- 
pound may  be  preimred  by  passing  chlorine  into  a  solution  of 
iodine  in  benzene  until  the  liquid  partly  solidifies  in  the  crystal- 
line state  on  cooling  ;  but  the  method  which  is  perhai)8  pre- 
ferable is  to  employ  benzene  mixed  with  about  one  per  cent,  of 
its  weight  of  molybdenic  pentachloride.  The  mixture  is  gently 
heated,  and  chlorine  passed  until  the  increase  of  weight  is  about 

y 
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that  required  by  theory.  On  eooling  the  prodiiet,  a  large 
quantity  of  crystals  separate,  whicli  are  drained,  jjicssed,  dis- 
tilled, and  finally  crystallized  from  alcohol.  A  further  quantity 
of  solid  dichlorobcnzenc  niav  be  obtained  by  fractionally  dis- 
tilling  the  liquid  which  druins  from  the  crystalSj  aud  cooling  the 
distillates  (Arouheini,  Inc.  cit.). 

Paradiehlorobcnzcnc  is  also  obtained  by  distilling  parachloro- 
phenol,  C^Tl jCl.OIl,  with  phosphoric  pcntacliloride,  and  by 
Griess^s  method  from  parachloramidobenzcne  or  parachloraniline. 

Paradichlorobenzene  crystallizes  from  ether  in  large  right 
rhomhic  priaois ;  isom  hot  alcohol,  in  which  it  is  very  soluble,  it 
separates  in  mudi  smaller  ciyatals ;  it  readily  sublimes  eren  at 
the  ordinary  temperature.  According  to  Korner,  it  melts  at 
56**'4  (i33°*5  F.),  and  boils  at  173°  (343°'4  F.);  but  according 
to  Jungfleisch,  it  melts  at  53**  (127^-4  F.),  and  boils  at  171** 
(339°'8  F.).  When  exposed  to  sunlight,  in  presence  of  cidorine, 
it  furnishes  a  mixture  of  additive  compounds,  only  one  of  which 
(C^H^Clg),  however,  has  been  isolated  (Jungfleisch). 

MetadicMoroUnzene :  Cfijd^  (CI :  CI  si  :  3),  prepared  by 
Giiess's  method  from  metachlorainidobenseDe,  C^H^C1.NH2,  is  a 
colourless  liquid  which  boils  at  173^  (341^  <^  F.);  it  don  not 
solidify  in  a  mixture  of  ioe  and  salt  (K5mer). 

Orthodichlarobeneene :  CfH^Clg,  (CI :  Cl=i  :  2). — ^This  modi- 
fication is  produced  by  distilling  orthochlorophenol,  C^H^CLOH, 
with  phosphoric  pentachloride,  and  together  with  panidichloro> 
bensene  by  the  action  of  chlorine  on  bensene.  To  obtain  it  pure 
from  the  latter  source,  the  oil  boiling  at  if^ — 183°  (34/'^ — 
365°  F.)  is  separated  as  far  as  possible  from  the  para-compound 
by  cooling,  and  is  then  warmed  with  moderately  strong  fuming  sul- 
phuric acid  on  the  water-bath  :  the  paradichlorobenzene  which  it 
contains  is  not  acted  upon  by  the  acid  under  these  circumstances, 
but  the  isomeridc  is  converted  into  a  su/pho-acid,  C,JI /'K.HSO,, 
and  on  jujuriii*!;  the  mixture  into  water,  the  latter  dissolves,  the 
jiaradicldorobciizene  remaining  undissolved.  The  solution  is  then 
treated  with  baric  carbonate,  the  baric  salt  of  the  sulpho-acid 
decomposed  with  the  necessary  quantity  of  sulphuric  acid,  and 
the  soluticjn  evaporated  to  dryness  :  when  the  sulpho-acid  thus 
obtained  is  distilled  from  the  oil-bath,  pure  orthodichlorobenzene 
jiasses  over  (Beilstcin  and  Kuldber^^,  Dtut.  chern.  Ges.  Ber.,  vii. 
1739).    It  ifl  a  colourless  liquid,  which  boils  at  179°  (354^*2  F.)* 

Jungfleiieh  only  notieed  the  fermatkni  of  a  siiigle  dichlorobcnaaie  frna 
bensene,  aud  be  also  obtuined  only  one  tri-  and  one  tetracbknobeniene ;  but  ea 
deoompoeing  with  potaaeio  hydtate  the  mutnre  of  additivo  compoiinds  Jbrawd 
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from  chlorobcnzene  bj  an  exosM  of  chlorine,  a  product  was  obtained  containia||f 
small  quantities  of  chlorobenzenes  identical  with  those  formcJ  directly  from 
benzene,  together  with  isomeric  bodies  of  nnu  h  lower  ineItin|^'-i)oint.  As  these 
ooinpoundii  do  not  appear  to  have  been  prepared  in  a  8tutc  of  purity,  owing  to 
the  raMll  quantity  which  w«f  pfodooed,  we  have  no  reliable  infiurmation  aa  to 
their  nature. 

(13 1 7)  TBiCHLOBOBBHSBVSa  t  C,H,C1,. — ParatricMorohenzene  (CI  :  CI  : 
CI  =  1:3:  5)1  obtained  by  Griess's  method  from  ordinary  trichloraniline, 
C^UjCl,.NH  ,  closu'ly  resembles  the  corresponding  tribromobcnzeDe;  it  cryfttaUize:i 
in  lonj;  needles,  which  mdt  at  63^  4  (i46''-i  F.)  (Korner). 

Metatrieitorobmaene :  C,H,C1,,  (a  :  a  :  a  »  i  :  2  :  4).— The  triehloro- 
benieoe  obtuned  by  chlorinating  benzene,  or  by  acting  on  benzene  hexachloride 
with  potafisic  hydrate,  appeiirs  to  be  this  moditication.  It  crystallizes  in  large 
right  rhoiubic  prisms,  and  melts  at  i"]^  (62°-6  F.) ;  it  boils  at  206"^  (402*"8  F.). 
Wiieu  exposed  to  sunlight  in  presence  of  chlorine  it  furaitihes  a  series  of  crystalline 
additiTe  compoands  (Jungileisch). 

Jangfleisch  obtained  an  iaonierie  trtchlorobenaene  melting  at  abont 
60°  (140**  F.)  from  the  oily  prodnet  of  the  decomposition  of  the  additive 
chloro -00m pounds  of  chlorubt  nz  'no  with  potassic  hydrate.  Judging  from  ifca 
melting  point  it  appears  probable  that  this  body  is  panitrichlorobenzene. 

( 1318)  Tetbachlobobeazene  :  C,U,Cl^. — The  product  obuiined  by  paiaing 
dJoriiie  into  a  atrfntion  of  iodine  in  benzene  nntil  the  miitore  boila  at  about 
320*  (428''  F.)  eonaiiti  chiefly  of  a  tetraehlorobensene  in  ^hich  the  chlorine 
atoms  probably  occupy  the  portions  1:2:4:5.  It  crystallizes  in  rhombic 
prisms  which  melt  at  139°  (282  -2  F.),  and  it  boils  at  240*^  (464°  F.).  It  abwly 
combiner  with  chlorine  in  the  sunlight,  forming  an  oily  product. 

Jungtlei^eh  and  Otto  (Jim.  Ckan.  Pkarm.,  czl.  1 04)  haTC  deeeribed  an 
ieomeric  tetraehlorobensene  melting  at  35"*  (95°  F.)  and  boiling  at  ebont  253^ 
(487^*4  F.),  obtained  from  the  adiOtive  dhloro-compounds  of  chlorobenzene.  it 
crystallizes  in  long  needles  and  is  readily  ioiubie  in  hot  alcohol,  which  diaaolvea 
the  isomeric  body  very  sparingly. 

Ladeuburg  Xvaa  also  uotiu^  the  formation  from  chlorobenzene  in  this 
manner  of  n  tetcadilorobensene  <rf  low  melting  point  {DeuL  ekm.  €h*. 
Ber.,  T.  789). 

A  third  tetrachlorobenzene  (i  :  2  :  4  :  6)  is  obtained  by  the  action  of  phos- 
phoric  pentachloride  on  trichlorophenoi ;  it  crystaUiaeo  in  short  needlea,  and 
melts  at  45°  (113"  F.). 

( 1 3 1 9)  Pbntacb  LOBOBENZEN  E  :  C,HCl^ — The  product  which  boils  at  about 
360'  (500^  F.)  obtained  by  the  oontbned  action  of  chlorine  on  benzene  in 
preaence  of  iodine  conaiata  diiefly  of  a  mixture  of  penta-  and  hexachlorobenzene. 
In  order  to  separate  these,  the  mixture  is  treated  with  boiling  alcohol :  the 
former  being  much  more  soluble  dissolves,  and  the  crude  peiitachlorol>enzene  is 
then  several  times  recrystallized  from  benzene.  Fentuchlorobenzene,  which  crya- 
talliiea  from  alcohol  in  fine  needlee,  mi>tte  at  74°  (i65'''3  F.),  «id  boib  at 
272^  (521**6  F.)<  When  expoeed  to  annlight  with  ohlorine,  it  ia  ?ecy  alowly 
ConverUHl  into  an  oily  eubsbince  without  any  evolut'i  jii  (  f  hydrochloric  acid. 

•lungfleirtch  and  Otto  state  thiit  an  i^nmenc  budy  of  higher  melting  point 
may  be  obtained  by  treating  the  i-hloro-  additive  eoiii]ini\nds  of  chlorobenz-Mie  with 
potassic  hydrate;  their  experiments  liave  been  repealed  by  Ladeiiburg,  iiowever, 
who  hae  ahown  that  the  auppoeed  ieomeric  pentachlorobenaene  ia  nothing  more 
than  impure  hexachlorobenzene  {Joe,  eU.,  and  ibid.  vi.  32).  Ladenburg  finds  the 
melUng  point  of  pentauhlorobenzene  to  be  85°— ^86°  (185° — lS6'''8  F.), audita 
bulling  jwint  275'— 277"  (527*— 530°-6  F.). 

(1320)  iixXACBLo&ofi£2iZi:^£ :  C^Cl,. — This  oompouud  is  the  final  product . 
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of  the  wHon  of  chlonne  on  benzene  in  presence  of  iodine,  SbCI^,  &c.,  and  also  of 
the  aotion  of  chloride  of  iodine  on  the  horoolognea  of  benxene ;  it  ie  alio  formed  bj 

passing  chloroform  vapour  tbrongh  a  red-hot  tabe  (Bassett,  Journ.  Chem.  Soe. 
[2],  V.  443),  and  by  heating  tetrachlorethane  or  acetylene  tctrachloridet  C^gCl^ 
in  Healed  tabee  to  300°  (572**  F.)  for  15  boon  (Bertbelot) : 

Cflfii^  s  aHCI  -I-  C,CI,  i  s  C,C!I.. 

TUnddoMtbmt.  DidUonoe^lflM.    DSchior-  Hexachioro* 

a<'<i\  line.  bciiicnc. 

It  is  most  readily  prepared  by  paiising  chlorine  into  a  mixture  of  benzene  with 
antimonio  penta^loride  until  hydroeUorie  add  is  no  longer  evolved.  The  pro* 
doetii  then  treated  with  concentrated  hydrochloric  acid  to  remove  the  antimony 
compound,  washed  with  water,  dried,  extracted  with  boiling;  alcohol,  and  finally 
crystallized  from  a  mixture  of  alcohol  and  benzene.  It  forms  loiiir.  !*lt  nder, 
silky  needles  of  dazzling  whiteness;  it  melts  at  226^  (43S°'S  F.),  and  boiU  at 
326*  (618^*8  F.)  (corr.)*  It  does  not  appear  to  unite  with  chlorine  in  ennshino 
(Jungfleisch) ;  and  it  ia  not  in  the  least  affeetad  wlien  bwled  with  an  alooholie 
adatiou  of  potasaio  hydrrta. 

(1321)  Fluobbenzene  :  C^H^F. — This  compound,  which  is  the  only 
flnoiine  derivative  of  a  hydrocarbon  yet  investi{^ated,  is  obtained  by  Jisriliiuij 
tlia  calcic  salt  of  fluorbenzoic  acid  with  about  four  times  its  weight  of  calcic 
hydrate: 

(C.H^  F.  COJ,C»  +  Ga(OH),  «  2C.H,  P  +  aCaOO^ 
CUdeflnwbanorti;  PtaocbsBimL 

It  is  purified  by  fifaetional  diftiHatioa.    Flnorbenxene  oryitaUliae  in  sealee  whidi 

melt  at  40**  (104'*  F.) ;  it  boils  at  180°— 183**  (356*— 361%  F.).  It  ia 
insoliible  in  water,  but  readily  soluble  in  alcohol  or  ether  (Schmitt  and  Qehrra, 

Journ.  pr.  Chf  m.  Ti'',  i.  400). 

(1322)  louoBKNZEXE  or  plicnj/Uc  iodide :  C,H^T. — lodobenzene  cannot  be 
prepared  by  the  action  of  iodine  on  benzene,  but  when  benzene  is  heated  with 
iodine  and  iodio  add  in  sealed  tubes  to  200^—240°  (392° — 464**  F.)  a  mixture 
of  iodobeazene  and  di-  and  tri-iodobonzone  is  produced  (Kekole)  ;  the  tubes 
should  be  oj)ened  from  time  to  time  in  order  to  permit  the  escape  of  the  carbonic 
anhydride  re^ultin*?  from  secondary  reaction.  The  non-formation  of  iodobonzene 
by  the  action  of  iodine  alone,  is  due  to  the  recouversiou  of  this  compound  into 
benzene  by  the  hjdriodio  add  generated  in  its  formation  from  benzene  and 
iodine^  thus  t 

C.H.  +  I,  «  C.H,I  +  HI   ;   C.H.I  +  HI  =  C.H.  +  I,. 
BmnMk  lodolwoMMu  lodobmaub  pfipf^«if_ 

When  iodie  aeid  ia  present,  however,  the  hydriodic  is  removed  from  the  sphere 
of  action  as  ebon  aa  it  ia  formed,  and  the  iodobename  no  longer  nndeigoea 
redoction : 

C,H.  +  al.  +  HIO,  «  5C.H.I  +  30H^ 

lodobeniene  ia  most  oonreniently  prepared  by  Qrieia'a  method  bj  the  aetkm 
of  hydriodie  aoid  on  diazobeniene  anlpbate  fiom  amidobenxena  or  aniline, 

C,H..N,(HS0J  +  HI  =  C.IIJ  +  N,  +  H^O^ 
DiaiobSDaoM  sulpbato.  lodobmieiM. 


•  The  boiling  point  determined  with  Uerthelot's  air  thermometer  wa«i  332' 
(629*'-6  F.) ;  Bsssett  mentions  331°  (627^-8  F.)  as  the  corrected  boiling  point 
at  hexaehlorobenaene. 
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It  is  also  formed  bj  the  action  of  iodide  of  pho^boros  on  phenol,  and  bj  the 
aetionof  iodine  chloride  on  aodio  benioaites 

C,H,.CO,Na  +  la  »  C,H,.CO,I  +  NaO. 
BodtalMBMata.  lodtaM  boiMMto. 

C,H,.CO,I  =  C,H,1  +  CO,. 

lodbM  iMBMite.  IbdolMMBM, 

It  is  a  coloarless  liquid,  having  an  odour  similar  to  that  of  benzene  and 
phenol,  and  does  not  solidify  at  -  18°  ( -  ©••4  F.).  Ite  »p.  gr.  at  1 5'  (59'  F.)  is 
x*833»  and  it  boile  at  iS$''  (365°  F.).  It  is  easilj  converted  into  benzene  by 
tiie  action  of  »odium  amalgam  and  water,  or  by  beating  it  with  aqaeons  hydriodio 
9tAd  to  250^  {482°  F.),  but  it  is  not  acted  on  by  potn«sic  hydrate. 

(1323)  DliODOBENZENES.  Paradiiodoht  nzene :  Q^\\  \ (I  :  I  -  I  :  4). — This 
compound  is  formed  t(^ther  with  iodo-  and  tri-iodobeu2ene  when  benzene  is 
heated  witli  Mdine  and  iodie  amd,  and  by  Griees'e  netiiod  from  paramidoiodo' 
beniene,  C,H,LNHg.  It  er jatallisea  in  laminn  which  melt  at  i39'*-4(364**-9  F.), 
and  rcfiemble  naphthalene  in  api)earanoe  (Romer). 

Mctadiiodohfinzene:  (Ml  J„  (1:1=1:3),  prepared  from  metamidoiodobenzene 
by  Griess's  method  reseml  l  s  tlie  piu-a-compouad ;  it  melts  at  40°*5  (l04"'9  F.)» 
and  boils  at  285''  (545   F.)  (Korner). 

OrthodUodchewum :  C^^l^,  (I  :I » i :  a),  from  orthamidoiodobenwne,  i«  a 
etyalBlline  solid,  and  bdla  at  a  higher  temperature  than  its  iaomerides  (Ki'>i-ni>r). 

(1324)  Triiopobenzbne  :  C^HJ,. — The  only  known  modification  of  this 
compound  is  th;it  obUiined  together  with  iodo-  and  diiodobenzene  on  heating 
benzene  with  iodine  and  iodic  acid;  it  forms  small  needles,  which  melt  at  76^ 
(l68''-8  F.)  (Kekule). 

(1325)  Ohloeobbohobinsbkb.  ParachlonibrtmfAensmu:  C^H^BrGl 
(Br :  CI  =  I  :  4). — This  compound  ia  formed  bj  heating  eblorobenzene  on  the 
water-bath  with  an  excess  of  bromine  until  the  product  solidifies  on  ctxilin;^,  and 
by  Gries^'s  method  from  parachlor-  and  parabrojnauiidobenzene.  It  re-^enibles 
piiradii)roTn()l>enzene,  but  melts  at  07''*4  (i53**'3  F.)  and  boils  at  190''"3 
(385°-3  F.)  (Korner). 

(1336)  BBOMiODOBnrsBiraa:  C^H^BrL^Korner  baa  prepared  the  three 
laomerio  biomiodobenienea  fiom  toe  three  bromamidobenzenea  bj  Grieee'a 
method. 

Parahromiodohenzfnc  (Br:  1—1:4)  crj'stallizes  in  plates  and  prisms  like 
paradibromobenzene  ;  it  melts  at  92°  (197"  6  F.),and  boils  at  251  "  5  (484"' 7  F.). 

Mdahri>miod4ilbmuum  (Br:Xs  i :  3)  is  a  eoloarlaas  liquid  which  boils  at 
as***  (485*-6  F.). 

Orth^romiodohemtm  (Br :  I « 1 : 3)  ia  also  a  oobnrleM  liquid,  but  boils  at 

Hf'S  (495°'5  F)- 

(1327)  CdLOKioDOBEVZENES  :  C,HJCI. — Parockloriodohenzene  (CI :  I - 

1:4)  from  paruchloramidubenzene,  is  a  crystalline  solid;  it  boils  at  227'^'6 

(441^*6  F.)  under  the'  preaonre  of  751*3  mm.  of  mercurj  at  zy**  (8o'6  F.) 

(K5mer). 

Orthochloriodohenxene  (CI :  I  =  i :  2),  from  orthoohlocamidobeDzene,  ia  n 
liquid  boiling  above  333°  (45 1''  ^  F.)  (Korner). 

(1328)  CnLORO-DERivATivEs  OF  ToLUENE. — It  lias  already 
been  pointed  out  that  the  action  of  chlorine  on  the  horaologncs 
of  beazcQe  canscs  the  displacement  of  the  hydrogen  in  the 
C|  whea  the  hydrocarbon  ia  well  oooled^  aad  a  simiUr, 
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result  is  obtained,  especially  in  presence  of  iodine,  and  molybdenic 
or  antimonic  pentachlorides,  even  if  the  hydrocarbon  be  heated. 
IVhen  chlorine  acts  upon  the  boiling  hydrocarbon,  however,  the 
reaction  is  different,  only  the  hydrogen  in  the  side  diain  being 

displaced. 

To  prepare  the  former  dass  of  derivadTes,  a  small  quantity 
of  iodine  or  molybdenic  pentachloride*  is  added  to  tolnene;, 
and  the  mixture  gently  heated,  whilst  chlorine  ia  passed 
into  it  until  about  the  theoretical  amount  has  been  employed ; 
this  may  readily  be  ascertained  by  couiiccting  uu  apparatus  for 
a])s()rbing  the  hydrochloric  acid  produced,  to  the  other  end  of  the 
ooi-idenser  to  whicli  the  flask  containing  the  mixture  is  attached  ; 
t\w.  liask  and  the  absorption  apparatus  being  weighed  together 
from  time  to  time.  The  product  is  then  fractionally  distilled, 
and  the  portion  which  boils  lower  than  the  derivative  which  is 
being  prepared  again  submitted  to  the  action  of  chlorine,  whilst 
the  portion  of  higher  boiJing  pijiiit  may  be  employed  in  the  j»re- 
paration  of  higher  chlorinated  derivatives.  By  this  means,  the 
formation  of  those  derivatives  in  which  the  hydrogen  in  the  side 
chain  is  displaced  is  entirely  avoided,  although  they  may  readily 
be  prepared  in  a  similar  manner  by  merely  passing  the  chlorine 
into  pure  boiling  toluene,  taking  care  to  avoid  the  use  of  iodine 
or  metallic  chlorides. 

We  are  chiefly  indebted  to  Bcilstein  and  Kuhlberg  and  to 
Limpricht  for  our  knowledge  of  these  compounds,  which  will  be 
found  described  at  length  in  the  following  papers : — Limpricht, 
Awn,  Chem»  Pharm,,  cuxiz.  ^03 ;  Beilstein  and  Geitner,  ihid. 
cxzxix.  331 1  Beilstein  and  Kuhlberg,  ^id.  czlvi.  317  j  d.  286 ; 
dii.  224  and  247 ;  clxxiz.  28a. 

The  various  chlorotoluenes  may  be  lepresented  in  a  very 
simple  manner  as  suggested  by  Beilstein  and  Kuhlberg,  by  in- 
dicating by  figures  placed  before  their  names  the  number  of 
atoms  of  hydrogen  displaced  by  chlorine,  either  in  the  C^H,  or 
the  CII3  group  of  toluene,  or  in  both  groups.  Thus  we  may 
distinguish  the  three  dichlorotoluenes  represented  by  the 
formulae : 

C.HjCVCH,  ;-C.H^Cl.CII^Cl  ;  C,H,.CHC1 
as  (2—0)  dichlorotoluenc,  (i-i)  dichlorotolueue,  and  (0-2)  di- 


*  Although  this  substance  baa  net  been  much  used  hitherto,  it  ie  probalily'to 
be  preferred,  for  when  iudine  is  euiplu;  od,  smalJ  quantities  of  iodo-derivatiTCS  ars 
loruicd  which  can  only  be  removed  willi  extreme  difiicaltj. 
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clilorotoluene  respectively.  If  it  be  desired  to  give  systematic 
names  to  the  ehlorotoliienes,  the  first  of  these  compounds  may  be 
termed  viethyUlichloroljcnj^eiic,  the  second  chloromethylchlorO' 
bettsene,  and  the  third  dichloromeihylbenjsene. 

(1329)  MoNOCHLOKOTOLUENEs.  —  (i-o)  ChloTotoluenes  or 
MetlvykhlorobenseneM :  C^U^CLCH^. — ^The  first  product  of  the 
action  of  chlorine  on  toluene  in  presence  of  iodine  consists  chiefly 
of  paraehlorotolunie  (CH,  :  CI  =  i  :  4),  but  orthochloroioluene  is 
also  produced  :  the  mixture  of  these  bodies  boiU  at  158° — 161° 
{3i6°-4— 3ai°-8  F.),  and  has  at  27°  (8o°-6  F  t  tlie  sp.  gr.  1-073. 
It  is  not  known  whether  metachlorotoluene  (CU3 :  CI  =  1:3)  is 
also  formed.  Pore  parachlorotolnene  obtained  by  Gness's  re- 
action from  paramidotolnene  or  paratoloidine,  C0H^(NHj|)CHy  is 
a  white  crystalline  sabstanoe,  melting  at  6^*5  (43^7  P0>  ^bich 
boils  at  ]6o°'5  (320%  F.);  it  furnishes  parachlorobensoic  acid^ 
CfH^Cl.COOH,  on  <nidation  (Huebner  and  Majert,  Deut,  ehem* 
Geg.  Ber.,  vi.  790).  Metachlorotoluene  similarly  prepared  from 
metatoluidine  is  a  liquid  which  boils  at  156°  (312^  8  F.),  and 
yields  metachlorobensoic  acid  on  oxidation  (Wroblevsky,  Aim. 
Chem,  Pharm,,  dxriii.  147).  Potassic  i^anide,  acetate,  or  sul- 
phide, and  also  silver  salts  are  entirely  without  action  on  these 
chlorotoluenes. 

(o— i)  Chiorotolutne,  Chluroinethylben^ene  or  Benj::ylic  chloride : 
CgHj.CH^Cl,  whicli  is  the  first  product  of  the  action  of  chlorine 
on  heated  toluene,*  is  also  formed  by  the  action  of  hydroeldoric 
acid  on  beuzylic  aIc(jhol,  CglL.CIl2{0H).  It  is  a  colourh-ss 
mobile  liquid,  the  vapcnir  of  which  pro(hiccs  a  peculiar  irritation 
of  the  eyes,  causing  a  flow  of  tears,  whereas  the  (i— o)  chloro- 
toluenes have  no  such  action.  It  boils  at  176°  (348°'8  F.),  and 
also  has  a  higher  specific  gravity  than  (i— o)  chlorotolucue.  On 
oxidation  it  is  converted  into  benzoic  acid,  CgHj.COOH,  being 
far  more  readily  oxidized  than  its  isomerides ;  it  is  also  decom- 
posed when  heated  with  water,  sodic  cthylatc,  alcoholic  ammonia 
solution,  or  potassic  cyanide  or  sulphide  in  alcoholic  solution. 
Benzyl ic  chloride,  in  fact,  closely  resembles  the  monochlorinated 
paraffins,  entering  into  reactions  of  double  decomposition,  and, 
like  them,  being  convertible  into  the  corresponding  alcohol. 


*  When  chlorine  u  passed  into  tolMDS  the  ■etion  at  once  commenoes,  and 
mndl  heat  is  evolved,  so  that  if  the  current  of  gas  be  rapid  the  hydrocarbon  is 
•ren  caused  to  boil  ;  the  product  consists  ahnu.sl  entirely  of  benzylic  chloride. 
In  presence  of  iodine,  however,  the  action  is  comparatively  sluggish,  the  (l— 
chlorotoluenes  bein^  much  less  readily  formed  than  benzylic  chloride. 

r~ 
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(1330)  Dicni.oKoTOLUEXES. — Tlieorctlcally  several  isomeric  modi fuat ions 
of  the  dichlorotolutnes,  C^lIjClj-CII,  and  C  Up.CH,Cl,  can  exist,  in  addition 
to  the  oompoand  CJI^.CHCl,,  but  they  have  been  only  imperfeetly  examined. 

(2-0)  Diekloroioluene,  Melkytdicklorobetizene:  C,H,CL.CHg,fi>nned  bjtbo 
action  of  chlorine  on  toluene  mixed  with  iodine,  boils  at  196  — >l98"t  >* 
doubtedly  a  mixture  nf  isomeric  (2-0)  dichlorotoluenes ;  it  appears,  however,  to 
contain  the  nuxliticatioii  CH^  :  CI  :  CI  =  1:3:4,  since  on  oxidation  it  fur- 
nishes a  diciilorobcnzoic  acid,  C,U.Cl,.COOH,  melting  at  201^  (393°'8  F.)* 
identical  with  that  obtuned  by  chlorinating  benioic  add,  and  also  formed  on 
chlorinating  para-  and  iMtoeblorobenzoio  acid  (Bcilstein  and  Kohlbeig). 
(2—0)  Dichlorotoluene  is  oxidised  with  very  f;reat  difficulty,  however,  and  in 
order  to  prepare  dichlorobenzoio  acid  from  it,  it  in  better  to  convert  it  into  the 
compound  CjHjCl^.CCl,  by  passing  chlorine  into  the  boiling  dichlorotoluene  as 
long  as  any  action  takes  place ;  the  product  is  then  purified  by  fractional  distil- 
lation, and  heated  with  water  in  seiaed  tubes  to  200"*  (392**  F.),  whereby  it  is 
completely  deoomposed  in  the  feUowing  manner: 

C,H,C1,.CC1,  +  aOH,  =  C,H,C1,.<XX)H  +3Ha 

The  compound  CJIjClj.CCl,  thus  obtained  by  lieilstein  and  Kulilberg  boiled  at 
^73'  (5^3°'4  ^'•)-  %  acting  on  the  dioUorotolnene  formed  in  presenoe  of 
molybdenio  pentadiloride  witik  ekkirine,  Aronhtim  and  Dietrich  {Deut  chrm. 
Get.  Ber.f  viii.  1401)  have  obtained  a  compound  hiving  similar  properties,  but 

they  also  isolated  by  fractional  distillation  an  isomeric  substance  boiling  at  alnjut 
280°  (536^  F.),  which  on  decoinposition  with  water  furnished  a  dichlorobeiizoic 
acid  melting  at  122°  (25i°  6  h\),  which  is- perhaps  derived  from  the  (2-0) 
dichlorotoliiene  CH, :  Gl :  CI  »  1:2:4. 

(l-l)  Dieklorotoluene.  Chlorotnethylcklorobenxene  :  C^H^CLCH^Cl.— This 
compound  may  be  obtained  either  by  the  action  of  chlorine  on  boiling  (i-o) 
chlorotoluene  or  by  its  action  on  benzylie  chloride  in  presence  of  iodine  ;  the 
product  when  purified  by  fractional  distillation  boil»  at  213" — 214°  (415'**4— 
4i7''-2  F.).  Its  vapour,  like  that  of  benzylie  chloride,  has  an  irritating  acdoB 
on  tho  eyes.  It  famishes  porachlofoVenaoio  acid,  C,II^C1.CXX)H,  on  osidatioiia 
and  one  of  the  atoms  of  chlorine  may  be  readily  displaced  by  other  radicles  audi 
as  ('X,  IIS,  &.C.,  by  the  action  of  alcoholic  solutions  of  potassic  cyanide  or 
Hulnliyilratc  Inasmuch  as  the  action  of  chlorine  on  toluene  in  presence  of 
iodine  produces  a  mixture  o(  (i-o)  chlorotoluenet — although  the  product  consists 
chiefly  of  panchbTotolaenc— there  can  he  little  donht  that  iBomeric  bodies  of  the 
composition  C,H^C1.0H,C1  are  also  formed,  paraohlorobenzylic  chloride  (CH^Ct : 
CI  =  I  :  4)  being  merely  the  chitT  constituent  of  the  product. 

{0—2)  Dichlorotuluene.  Dichluromethi^lhpnzene :  C  II^X  IICI,. — This  body 
\»  the  second  product  of  the  action  of  chlorine  on  boiling  toluene ;  it  is  also 
formed  from  Iwnzoic  aldehyde  in  the  following  manner  : 

C,H..COII  +  PCi,  =  C,H,.CHC1,      POO,  +  HCl 

Benzoic  aldehyde.  (0-2)  Dichlurotolaene. 

It  is  a  colourless  liquid  of  faint  odour,  which  boils  at  about  206"  (402°*8  F.) ; 
when  heated  with  water  to  150**  (302°  F.)  it  furnishes  benzoic  aldehyde.  It 
also  enters  into  reactions  of  double  decomposition,  being  converted  by  the  ac- 
tion of  argentic  acetate,  for  example,  into  the  compound  C^H..CH(CsH,0J2. 
By  the  action  <^  oxidizing  agents  it  is  conTcrted  into  benvHC  t»i, 

(133 1)  Tbiohlobotoluenbs. — The  displacement  of  three  atoms  of  hy- 
drou^en  in  tadoene  may  be  efl»oted  in  such  a  manner  as  to  fmivm  the  fi^owing 
bodies: 

C,1I,C1,.CH.  i  C,U,C1,.CH,C1  J  C,H^C1.CHC1,  j  C,H,.CC1,. 
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ZMoreover,  iioinme  modificatioiis  of  each  of  these,  exeepting  the  la«t,  are 

possible. 

(3-0)  Trieklarotoluene.  MethtfltrichlorohenxeM  :  C,H,C1,.CH^— Tins  im- 
pound is  prodneed  with  the  grestert  readiness  when  ^lorine  is  psssed  into  tohieoA 

mixed  with  iodine,  until  the  weight  of  1 00  parta  of  the  hydrocarbon  in  increased 
to  212  5  P''»*''8  ;  the  product  is  then  shaken  up  with  potassic  hydrate  solution, 
dried,  aud  tractionally  distilled.  The  portion  which  passes  over  at  235° — 240" 
(455°'~4^4°  ^  •)>  cither  solidifies  »pontaneously,  or  when  cooled  with  ice ;  it  is 
aepuated  rrom  the  liquid  portion  b/  pressing,  and  than  orystallixed  firom  alcohol. 
(3—0)  Tri^Iorotdueue  crystallizes  in  hriUiant  prisms;  it  melts  at  76"  (z68*8 
F.),  and  boils  at  237°(458°*6  F.)  (Limpricht,  ibid,  cxxxix.  326).  On  oxida- 
tion it  is  slowly  converted  into  a  trichlorobenzoic  acid,  C^II  CI  .(H>OH,  melting 
at  i63°(325°'4  F.),  which  is  identical  with  that  obtained  by  chlorinating 
benzoic  acid ;  this  acid  is  more  readily  obtained  by  acting  on  the  boiling  (3-0) 
trioUorotolnena  with  chlorine  and  heating  the  resnltbg  oomponnd,  C,H.^C1,.CC1,, 
with  water  to  260^  (500°  F  ).  Aronheim  and  Dietrich  have  noticed  the  simul- 
taneoos  formation  of  a  liquid  trichlorotoluene  (rom  toloene,  bj  the  action  of 
eblorine  in  presence  of  niolybdenic  pentachloride. 

(2-1)  Trir/i/vrot'i/uetie.  CAloromet/tyliiic/dorubcnzene :  CjlI,Clj.CH,Cl. — 
To  obtain  this  con^ pound  benzylic  chloride  to  which  iodine  is  added,  or  boiling 
diehtorotolnene,  is  sobmitted  to  the  action  of  chlorina.  It  is  a  liqaid 
which  Uoils  at  241'  (465°  8  F,).  One  of  the  atoms  of  chlorine  maj  be  readily 
displactxl :  thus  bv  the  action  of  potassio  acetate  it  is  eonverted  into  the  com- 
pound (',HX'l^  ('H.^(C  H  (),). 

(1—2)  Triclilorutolutnt.  DichLorometh^lcklorobenzene :  O^H^CLCliCl,.— 
This  bodj  is  prepared  by  the  acUon  of  chlorine  on  boiling  chknotolnene,  or 
00  (o-a)  diohlorotolQeiie,  C.H^.CHGI,,  in  presence  of  iodine.  It  ia  a  liquid 
which  boils  constantly  at  234*  (4S3**2  F.) ;  when  heated  with  water  to 
T  70°  (33^°  ^0  >^  completely  floaveited  mto  hydrochlorie  and  and  parachloro- 
benzoic  aldehyde ; 

C^^GLCHCI,  -f  OH,  =  C^^dOOH  -f  %YLCL 

On  oxidation  it  furnishes  parachlorobenzoic  acid. 

(0-3)  IHehlorotoluene.  Tincklaromethjflbenzene :  C,H,.€C1,. — This  com- 
pound is  obtained  with  the  greatest  readiness  by  jmsing  chlorine  into  boiling 
toluene  until  no  further  increase  of  weight  takes  pbu»  ;  it  is  also  formed  by 
heating  benzoic  cblorida  with  phoaphmrio  pentachloride  to  iSo**  (356^  F.)  in 
sealed  tabes: 

C,H..COa  +  PCI,  -  (^.H..CC1,  +  POCSg.  • 
fi«iiBaio  chloride.  (0-3)  TikhknitolMB^ 

It  is  a  ooloailess  liquid  wbieh  boils  at  about  214*  (417**^  7.);  it  is  only  slightly 
aoted  upon  by  water  at  aboat  100^  (212°  P.).  bat  when  heated  with  it  to 
1 50^  (30a**  F.)  it  ia  completely  eoQfertad  into  benaoie  and  and  hydxoohlorio 
acid; 

C,H,.Ca,  +  2OH,  =  C.H^.COOII  +  3UCL 
{0-^}  Triehlorotoiuene.  Benzoic  idd. 

It  Isuol  aeted  upoa  bj  sodium  at  its  boQing  point,  but  when  digested  with 
Hodio  ethylateat  1 00^(2 1 2°  F.)  it  is  converted  into  the  compound  0,Hj.C(OCjHJj. 

Chlorine  appear .s  to  be  entirely  without  action  upon  it  even  at  its  boiling  point, 
but  wlu  n  a  small  quaotitjf  of  iodine  u  pretient  the  hydrogen  in  the  group 
bevoujes  displaced. 
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(1332)  TETRAniT.oKoToLri NEs. — The  ioUowiug  modifications  of  tetm- 
dllorotoluene  have  bceu  ubt<iiueU  : 

C^CI,.CH,  I  C,H,Cl,.CH,a  J  C,H,CI^CHC!I,  ;  cAaoci^ 

(4-0)  Tttrachlorofulucuc.  Mefht/ltt  trachlorohenzene :  CJICl^.CHj.— Thi* 
coiiipouiid  is  iuriued  together  with  more  ur  letui  peutauhlorotoiuene  (5-0)  whcu 
toloene  is  treated  with  dUorint  in  praenee  of  iodiae  until  no  foitber  absorptioa 
of  chlorine  Lakes  place.  It  orystallixas  in  needles  whiok  melt  at  91*  (l95*'8  F.), 

and  it  boils  at  271**  (sig^'S  F.). 

(3  -  I )  Tt  fra<-/,h,n>(ulH>  iu:  Chlorouiefhi^l I rirhlorohenzene  :  I,C1^.CH„C1. 
— This  sub.staiue  is  prt'purfd  by  passing  chloiiiie  into  boiling  (3- c)  trichloroto- 
laene.  It  is  a  liquid  which  docs  uot  solidify  at  —  20^  (-4°  F.),  and  boil»»  oon- 
atantly  et  273°  (523  -4  F.).  It  readily  exchangee  one  atom  of  chlorine  for 
other  rudicles :  thtte  when  boiled  with  an  alcoholic  aolntion  of  potaseic  acetate 
it  furnishes  the  compoand  C,H,C1,.CH,(C,H,()J. 

(2—2)  Tet rachlorotoluenc.  Di<  hl oromet li i/l dirhlorohrvzene :  C^H^C'lj  CilClj. 
—This  substance  is  produced  by  tlie  action  of  cidoriue  on  boiling  (2—0)  uiclilo- 
lotoluene.  It  is  a  liquid  which  boils  consUntly  at  25 7""  (494^  6  F.).  It  if 
alowlj  oiidtied  by  diromic  acid  solution  and  converted  into  ordinary  dichloro* 
benzoic  acid  ;  when  heated  with  water  at  (428*  F.)  it  furnishes  dichloru- 
benzoic  aKiehvde,  C.HCL.COll. 

'jo*   

(1-3^  Tctntrhlorotvluene.  Tnrhhirometlii^lrhloroheiizcne :  C  H^CLCCn^. — 
Tliis  derivative  has  been  produced  by  the  action  of  chlorine  in  presence  ol'  iodine 
on  (0-3)  trichIoratolnene,but  wonk)  doubtlees  be  more  readily  formed  by  p;issing 
chlorine  into  boiling  (l-o)  eblorotolnene.  It  boils  at  345*  (473^  ^')* 
heated  with  water  to  200'  (392'  F.)  it  is  completely  converted  into  hydrochloric 
acid  and  y>araclilorobenzoic  acid.  An  isomeric  body  which  l'urni^hos  orthw 
chlorobenzoic  acid  when  hcaU'd  with  water,  in  I'ormed  by  the  action  of  phu>- 
phoric  pentacliloride  on  salicylic  acid  (Kolbe  and  Lauteuiann,  Ann.  L/tem, 
PAarm.,  oxv.  195);  it  is  a  crystalline  solid,  which  mdts  at  30°  (86°  F.)  aud 
boils  at  260°  (500*  F  ).  A  third  isomeride,  furnishing  nw/achlorobenzoic  ncid 
when  heafasd  with  water,  is  obtained  by  the  action  of  phocphoiic  pentaohlmide  on 

aolphobenioicehloride.C.U,  |  itieaUquid  whiohboileat  355*'(455'*P•)• 

('333)  Pentacqloeotoluenes. — Tn  order  to  effect  the  displacement  of  the 
fire  atoms  of  hydrogen  in  the  C,!!^  gi'OHp  in  toloene  it  is  neceesary  to  employ 

antiuionic  pentachloride. 

(5-0)  l^cntachlorotohtene,  or  Methylpentarhlorohevzoie,  ('.Cl  .CH..  boils 
without  dcconipoi^ition  at  301"^  (STS^  "^  F.)  and  n»elt»i  at  218^(424  4  V .).  It  is 
only  slightly  soluble  in  the  ordinary  solvents,  but  is  eastiy  soluble  in  hut 
bensene,  from  which  it  crystallizes  in  long  slender  aeedlee.  It  la  not  acted  on  by 
boiling  coDcentnted  nitrio  acid. 

(4-1)  Ptidachlorotoluene.  Chloromethjflietrachlorohenzeme:  C,HC1^.CH,CL 
— This  compound  is  formed  by  passing  chlorine  into  boiling  (4-0)  tetrachloroto- 
luene.  It  is  a  liquid  which  boils  almost  without  decomposition  at  296^  (564***i>  F,). 
With  potassic  acetate  it  lurnishes  the  compound  C,11C1^.CU,^C,11,0J. 

(3-2)  Peniaekhrotolvetu,  I)iehhrom9tkyUrieklorobmus9ne:  C,U,C1,.CHC1^ 
is  formed  by  treating  buling  diehlovotolnene  with  chlorine.  It  is  a  liquid 
which  boils  almo.'it  undccompcaed  at  about  280°  (536°  F.),  and  Molidifiise 
below  o"  (32°  F.)  to  a  mans  of  needle's.  It  is  converted  by  heating  with  water 
at  250°  (482"  F.)  into  trichlorubenzoic  aldehyde,  C,H,C1,.CUH. 

(2-3)  Fentachlomtoluene  or  trichhrvmethtfldichlorohetiMne^C^i^l^.CCi^ 
is  {ooduoBd  when  chloriiie  ie  passed  into  boiling  (2-0)  dichloiotoluano  until  no 
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further  increase  of  weijjht  takes  place.  It  w  A  liquid  which  boils  at  273* 
(5  23°'4  F.).  When  heated  with  water  at  200**  (392"  F.)  it  yiehU  dic  iilorobenzuic 
acid.    Chlorine  alone  is  entirely  without  action  upon  it,  even  at  its  boilini;  pDint. 

(1334)  H£XACULu&uTuLLKM£8. — The  three  modificatioxw  repretieuted  by 
the  fbilowiDg  formube  tm  known : 

C,CVCH,Cl  ;  C.IICl^.CHCl,  ;  CJI,C1,.CC1,. 

(5  —  1)  JTt  xarhlorolulticiK ,  Chlorometliylpentarhloruhenzene  :  CjClj.CHjCl. 
^-It  ih  uithcult  to  obtain  tiiit»  compound  b^-  the  action  of  chlorine  on  boiling 
(5—0)  pentacUocotolnene  on  aooonnt  of  the  high  boiling  pmnt  of  the  latter,  and 
it  ia  thenfine  moM  ifndily  praftand  by  paaaing  chloi^e  into  benxjlic  chloride 
mixed  with  iodine  until  no  further  aWrption  takes  plaoe.  The  product  is  a 
mixture  of  (3—1)  tetraciilorotoluene  and  (4-1)  pentachlurotoluene ;  ii  is  washed 
with  aodic  hydrate  solution,  dried,  and  distilled:  and  aa  iudine  is  liberated  on 
distillation,  the  waiihing,  is  repeated  until  the  wkole  iff  the  iodine  i* 
rewumd.  The  chloride  is  then  mixed  with  one-tenth  at  its  weight  of  anti- 
monious  chloride,  SbCl,,  and  dilorine  paiic»«d  into  the  gently-warmed  mixtnre 
until  no  further  absorption  occurs.  If  the  whole  of  the  iodine  be  ii«)t  removed, 
only  black  resinoviH  products  are  obtained,  which  decompose  on  distillation,  and 
thi*  is  also  the  caije  in  the  preparation  of  (4-0)  tetrachlorotoluene  uud  (5-0) 
pentachlorotoluene.  It  cry«tallizea  from  a  mixture  of  benzene  and  aleobol  in 
fine  needles,  which  melt  at  103^  (2 17**4  F.).  It  boils  without  being  decom- 
posed at  325*-327'  (6i7**-62o*'-6  P.).  %  heating  to  aoo' (392*''F.)  with 
pota^sie  accUtte  and  akohul  it  is  converted  into  the  compound  C^Clj.CHj(CjH,0^. 

(4—2)  Ilexnrhlorittulutne.  Dichloromethyltctrarhhiroftenztiie : 
C^HCl^.CHCl^ — To  prepare  this  compound  chlorine  is  pa:wed  into  boiling  (4-0) 
tetrachlorotoluene  as  long  as  absorpttim  takes  plaoe,  and  die  mixtore  of  (4-2) 
and  (4-3)  ehlorotoluenes  separated  by  fractional  distillation.  It  is  n  liqind,  and 
boib  at  305"*  (581**  F,).  When  heated  with  water  to  350"  (483*  F.)  it 
furnishes  tt-trai-blorobenzoic  iiMiMiydc,  CJICI^.COII.  In  it*  prvparatiou  from 
tetrachlorotoluene  a  cert^iin  quantity  of  peutaciilorobenzene  i.s  produced  : 

C,HC1^.CH,  +  4Ca,  =  C,HCl,  +  CO^  +  jHCL 

(3-3)  HexaehloroMmen^  T^ekloromtl^Urieklorobengene :  C,H,C1,.CC1^ 

—This  body  is  formed  by  the  action  of  chlorine  on  boiling  (3  -0)  trichlorotoluene. 
It  is  purified  by  fractional  distillation  and  crystallization  from  alcohol.  It  I'onns 
loni;  white  m-edles,  which  melt  at  82"  (lyQ^O  F.),  and  it  boils  at  308* 
(5iJo''4  F.).  By  the  action  of  water  at  250'  (482"  F.)  it  is  converted  into 
triehloiobenioio  add,  C^H^Cl^.OOGR,  In  Uie  preparation  of  this  compoond  a 
qnanttty  of  tetraehlorobenxene  (melting  at  139^  CL)  is  always  prodoced : 

C,H,C1,.CC1,  +  CI,  ^  C,H,C1,  +  CCl,. 

(1335)  IIeptai  Hi.oKoToLi  KN  Ks.— The  modification  (5-2)  or  dlr/iforo- 
methjfljientachlot'vbenzene,  C^Cl^.t'lll'lj,  is  prepared  from  (0—2)  dichlorotoluene, 
which  IS  treated  with  chlorine  in  presence  of  io^ne  as  long  sh  an  increase  of 
weight  takea  plaee ;  the  prudnct  is  then  freed  ftom  iodine,  digested  with  three 
or  lour  times  its  weight  of  antimonic  pentachloride  and  distilled.  The  crude 
product  c«msists  of  (5-2)  and  a  small  quatitity  of  (4—3)  heptjvchlorotoluene, 
together  with  a  substance  iuhi)hible  in  iilcohol.  The  5—2  modification  is 
obtained  pure  by  crytjtallizatiou  liom  alcohol  alter  heating  with  water  to  300° 
(572°  F.),  by  which  it  is  not  aieoted,  bnt  which  converts  the  (4-3)  modification 
into  tetrachlorobenzoic  acid.  It  crystallizes  in  long  pointed  plates,  melting  at 
109**  (328'*-2  F.),  and  boils  undecompoeed  at  334**'2  (633''2  F.), 

(4-3)  lieptacAlorotoluene.  jyichlorometAjfUetraekioroUmgeiu:  C,HC1^.0CI,, 
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is  inoit  mdOy  obtoined  bj  the  artioD  of  rJilorin*  on  bmling  (4—0)  tetm- 

eblorotolucne.  It  cr3-i9tu1Iizes  in  nhoit  fine  needles  or  white  plates,  incltiu;^'  at 
104°  (2i9°-2  F.),  and  boils  at  316"  (6oo'''S  F.).  It  u  oot altend  by  diatUla- 
tion  with  antimonic  pentuchloride. 

Ail  alteuiptn  to  prepare  an  uctocldorotuluene,  C^d^XXH^  wen  QDsucct^'ul. 
Thm  on  dbtilling  (3-3)  and  (5-1)  heueUorotolQene  with  aDtimonie  pente- 
chlorid^  the  product  consii«ted  of -hezafihlorobenzene,  CjCi^,  and  the  Mune  oom- 
ponnd  wa8  obtained  on  heating  (4-3)  and  (5—3)  h^tachloratolaene  with  tho 
chloride  in  sealed  tubcH  to  280''  (536°  F.). 

In  the  following  table  a  liet  of  tlie  chloro-derivatives  of  toluene,  toig'tther 
with  their  boiling  points  C  C.)  and  specific  gravities  are  given.  Uule^  otherwise 
itated  the  temperatores  are  anoorrected. 


Chloeo-bbritatitbs  ov  Tolvbnb, 


o-e  (Tolaant). 

o-« 

•I 

B.P.  iii^ 
8p.Gr.  o-SSaato** 

B.P.  i76» 

RP.  aoj» 

Sp.Or.  V»SS  14° 

B.P.  214" 

8p.Gr.  1-380  Bt  14' 

I  -0 

i-i 

1  1 

i-i 

(Pnra)  B.P.  ibo^  s' 
(lieu)  U.P.  156° 

B.P.  214' 
bp.Qr.  1*397  <^ 

• 

(Ffeta)  B  P.  245 

8p  C,r.  r4aj  at  14' 
(MMt  B.P.  23:' 
(Ortho)  B.P.  abo' 

ItP.joP 

9-e 

t-s        ;  1-3 

B.P.  196^ 

Pp.  Gr.  I "134  at  ji° 

B.P.  Mi* 

B.P.  »57» 

8p.0r.  1-518  at  32° 

B.P.  373' t 
Sp.Gr.  1587  at  31° 

3-0 

3-1 

3-3 

H  P.  3-,!^              1     B  P.  273° 

M.P.  76"              1    Sj>.  Or.  I  547  at  »i° 

Hp.  Gr.  1-607  at3a° 

U.P.  308* 
M.P.  8a» 

*^ 

4-1 

4-S 

1I.P.  9t' 

B.P.  996* 

8p.Gr.  i'634  St  aj"> 

B  P.  J06" 

Sp.  Gr.  1-704  at  25' 

ap.sif* 

]|.P.I(H* 

S-o 

S-. 

5-3 

B.P.  301  = 
M.P.  2i8' 

B.P.  ^ab" 

M.P.'icj^ 

n.p.  .?34' 

M.r.  log'' 

(1336)  ChI.OU<»-DEUIVATIVK8    of     the     HoMOLOOUES    of     Toit  ENE.— 

Chloruxi/lenet. — When  chlorine  is  allowed  to  act  upon  boiling  coal  tar  xylene  a 

monochloro-derivative,  C,H^  "j  q^q^  is  obtained,  wiiich  in  all  respects  re- 

sembles  benzylic  chloride;  it  i.s  a  liquid  which  boils  constantly  at  193* 
(379°'4  ^•)*      exerts  a  most  irritating  action  upon  the  eyes.   By  the  further 

aetion  of  eblorine,  the  diehloro-deriTative,  C^H^  <  Ch'cI*  "  F^^^^^^ 

crystallizes  in  rfaombie  plates  meltbg  at  100*  (212^  F.),  and  boila  at  34o°-245^ 
(464*— 473^  F.)»  bat  at  flie  same  tima  undei^oea  deeomposilSon.   It  readily 

*  This  is  the  B.P.  of  pure  parachlorotoloene  $  but  the  prodact  from  tolnaia 

also  contains  orthoclilorotoluene,  and  the  i  — I,  1-2,  and  1—3  derivatives  prej ,  tpI 
from  it  are  doubtless,  tlierer<>r(>,  mixtures  of  iiionierio  bodies,  although  they 
consibt  chietly  ol  the  para*derivHtive. 

t  Aronheim  and  Dieti-ieh  have  obtained  a  liquid  ieomeride  firam  tolnena 
boiling  at  aboot  28o^ 
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ttdianges  both  atoms  of  chlorine  for  other  radides.    On  oxidation  it  fonuahflt 

terephthalic  acid,  C\Hj(COOH)j,  and  is,  in  fact,  a  paraxjrlene  deiivative. 

When  chlorine  acts  upon  xylene  in  presence  of  iodine,  however,  chloroxylenea 
are  obtained  which  do  not  exhibit  the  slightest  tendency  to  exchange  chlorine 
lor  other  radicles.  MuiMckloroxylene,  C,H,Ci(CH,),,  boiU  at  184''  (363^-2  F.)  j 
<m  osidatioii  with  ehromic  acid  mixtun  it  is  slowly  oonvetted  into  a  ehloroiolme 
and,  CACKCH,).COOH,  which  melts  at  203"  (397**-4  F.).  Dichloroxi/lene 
is  crystalline  at  a  low  temperature,  and  boils  at  222°  (431  ^  6  F.);  when 
oxidized  it  fumishes  diclilorotoluic  acid  melting  at  160°  1320  F.).  Trichlo- 
roxjfleue  crystallizes  iVuin  alcohol  iu  white  needles  melting  at  150°  (302^  h\), 
•ad  it  boils  at  2  5  5  °  (49 1  °  F.)  without  nodergoi  ng  the  slightest  deoompoMtioii.  It 
is  Bot  in  the  least  attecked  either  by  nitric  add,  or  bj  ehromic  add  mixture,  and 
it  is  noteworthy  that  whereas  both  methyl  groups  in  xylene  are  readi'V  oxidized, 
only  one  of  them  in  chloro-  and  dichloroxylene  is  converted  into  COOH,  and 
that  in  trichloroxylene  neither  is  aii'ected  by  oxidizing  agents.  It  has  not  been 
determined  from  which  of  the  xylenes  these  chloroxylenes  are  derived.  By  the 
oontiniied  action  of  dilorine  on  xylene,  first  in  presence  of  iodine,  and  afterwards 
in  presence  of  antimonic  chloride,  hexachlorobenzene  is  produced.  (YoUrath, 
Ann.  Ck.  Fharm.,  cxliv.  2^^  \  ;  Lautli  and  Grimaux,  Und,  oxlv.  lISl 
civ.  33S  ;  Biedcrniann,  Dt  ut.  rh(  lu.  (Jts.  Btr.,  vi.  702). 

(JhloroiHejtit^lenes, — Chlorine  act^i  upon  well  cooled  mesitylene  with  great 
•neigy*  and  tlii  tMidencj  to  form  triehloromedtylciM  is  so  prononnced  that  this 
eompottod  Is  alwi^aohCdned  together  with  the  lower  derivatives,  even  when  only 
sufficient  chlorine  is  employed  to  convert  the  amount  of  hydrocarbon  taken  into 
the  nionochloro-dorivativo.  To  separate  these  substances,  the  crude  prcxluct, 
after  it  has  been  washed  with  sodic  hydrate  solution,  is  dissolved  in  boilini» 
alcohol ;  almost  the  whole  of  the  trichloromesitylene  separates  on  cooling,  and 
is  porified  by  several  noystallintions  ficom  aloohoL  Tlw  mono-  and  didiloro- 
mesi^lene  are  precipitated  ftom  tho  mother  liqnor  by  water,  and  separated  by 
fractional  distillation. 

Manochloromesitylene.  C,H_,Cl(CIIJj,  is  a  colourless  liquid  which  boils  at 
204° — 206°  (399°*2 — 4oa''"8  F.) ;  it  does  not  solidify  at  -20°(-4*  F.).  Fuming 
nitric  add  converts  its  almost  instantly  into  n  mixture  of  nitro-  and  dinitrochloro- 
nedlgrlano.  On  oxidation  by  cUlnte  nitric  add  it  is  converted  into  chloromen- 
tylenic  add,  C.H,C1(C1I,),  COOH,  bat  when  it  is  oxidised  with  chnmic  add 
mixture  only  acetic  arid  is  obtained. 

UichLurumeniti/kne,  C^H^'l^f^'Hg),.  crystallizes  from  alcohol  in  colourless 
glistening  prisms  which  melt  at  59'  (138  '2  F.) ;  it  boils  at  244*^  (47i°'2  F.). 
Chromic  add  mixture  is  almost  witlkont  action  opon  it. 

IViekloromesUylenet  C,C1,(CH,),,  crystalliiSB  from  alcohol  in  long  slender 
needles,  which  melt  at  205°  (401"  F  ).  It  is  not  affected  even  by  long  boiling 
with  moderately  concentrated  nitric  add  (fittig  and  Uoogewecff,  ibid.  oJ.  323). 

(1337)  Bbomo-1)Erivative8  of  Toluene. — The  action  of  bromine  on 
toluene  varies  aoourding  to  the  temperature:  thus  with  boiling  toluene  (o — l) 
bromotoloene  or  benxylio  bromide,  C,Hj.CiI,Br,  is  produced.  Thb  compound 
closely  resembles  bensylic  chluride,  readdy  exchanging  bromine  for  other  radides; 
it  boils  at  about  202°  (395"  6  F.),  and  at  22"  (7i''-6  F.)  has  the  sp.gr.  i'438. 
Its  vapour  exercises  a  mont  irritating  effect  upon  the  eyes.  According  to 
Koruer  {Gi</rnale  di  Scienze  naturalied  economirhe,  I'ahnno,  1869,  v,  244), 
when  bromine  and  toluene,  both  coded  to  0°  (32°  F.),  are  carefully  mixed,  a  con- 
sidarable  quantity  of  bensylic  bromide  is  also  foitned— although  under  these 
dronmstances  the  reaction  only  takes  place  veiy  slowly;  after  4S  hours,  however, 
the  prodnot  is  found  to  contain  from  200  to  330  grms.  of  benxylio  broniido  % 
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erery  looo  of  (i'— e)  bromotolnenes.  At  th«  temperatore  <»f  9*^12*  {4^^'^ — 

53°"6  F.),  on  the  contrary,  bromine  readily  acts  upon  toluene,  and  if  the  fomMT 
be  slowly  added  and  the  mixture  allowed  to  stand  24  hours  it  contains  only  from 
9  to  26  t^rms.  of  benzylic  bromide  for  every  1000  j^rma.  of  (l — o)  bromotoku  nt-s. 

A  mixture  of  (1 — o)  bromotoluenes  in  thuit  formed,  consisting  chiefly  oi  para- 
brorootolixeDe  (CH, :  Br  s  i  :  4),  bat  alwajs  oontuning  a  oonniderable  amoont 
of  orthobromoioliiene  (i  :  2) ;  aooording  to  Korner,  the  third  isomeride  is  also 
present  in  small  quantity.  The  pure  (i— o)  bromotolneiifla  may  be  obtained  bj 
Grics's  method  from  the  pnre  ainiiiotoluones  or  toluidines.  The  ( i  — o)  bromo- 
toluenes  are  extremely  inert  substances,  and  their  vapours  have  no  irritating 
action  upon  the  eyes ;  parabromotoluene  is  crystalline,  and  melts  at  28°'^ 
(^3°' 3  ^»)$  whilst  the  iaoineridea  are  liquid,  and  of  lower  apedfic  graritj  tfaaa 
(o— i)  btomotolnene,  viz.,  about  i  -40  at  20®  (68°  F.).  The  boilmg  poiiiti  (*  C.) 
of  tbeae  oompoandi,  aooording  to  Korner,  are  aa  follows : 

Parabromotoluene  (1:4)  ...  i84°*6 
Metabromotoluene  ( I  :  3)    ...  l84'''5 

Orthobromotolucne  (i  :  2)    ...  182° 

Dihromotohicncs. — Although  toluene  is  readily  converted  into  (1-0) 
bromotolueoes,  the  displacement  of  a  second  atom  of  hydrogen  by  bromine  taken 
place  bat  veiy  alowlj  s  even  after  many  days  contact  only  a  very  small  qaantity 
of  a  crystalline  (2 — o)  dibromotolueiie  bang  obtained  (Pittig).  Byaddinir 
iodine  to  the  mixture  of  bromotolnenes  and  bromine  and  exposing  it  to  sunlight 
for  several  days,  however,  a  liquid  (2—0)  dibromotoluene  boilin^j  at  239" — 241* 
(462*'"2  -  465°*8  F.)  is  readily  obtained  (Janiiasoh,  Ann.  Chcm.  Phann., 
clxxvi.  2S6) ;  the  nature  of  this  product  has  not  yet  been  determined,  but 
in  all  probability  it  is  a  miztore  of  iwmierio  (2^0)  dibromotoloenea  eonaietiiig 
chiefly  of  the  modification  (CH,  :  Br  :  Br  =  1:3:4).  Wroblevsky  {ibid,  clxviii. 
147)  has  prepared  a  number  of  isomeric  dibromotoluenes  by  Griess's  reaction 
from  the  bromnmidotoluenes  or  bromotoluidines,  but  their  constitution  in  all 
cases  has  not  been  satisfactorily  determined ;  their  properties  are  given  in  the 
following  taUe : 


Bsscsimoiv. 

Constitution 

M.F.°Ceiit. 

B.P.»C«nt. 

t 

-M.P.of  Nitro- 
derivatiTe. 

VNnitoliMniCFtttlfl)   

<ts:4<?} 

107— >iaB 

HS 

• 

lists 

<» 

Prom  dIbromortiiotulaifiM  and  ortbo* 

l)roinometatolddins. 
From  meUbroiaortlMlolslittM  and  Iqr 

brominsting  metrtteswlolawia. 

From  dibromorocUtoloMilie  

i:a:3(P) 
«»t:5(?) 
ltSi6(P} 

4»'S 
liquid 

»» 

«38->39 
346 

59 
86-87 

79 

From  inetabromuparttoloidiDS   .»  ... 

11314  1 

»37 

86— 85» 

(0-2)  Dibromotolaene,  C\H,.CHBr,,  prepared  by  the  aotion  of  phosphorie 
pentabromide  on  bename  aldehyde,  is  a  liqiud  which  is  decomposed  on  dia- 

tillation. 

Trihomotoluenes. — Wroblevsky  has  obtained  two  (3-0)  tribromotoluenes  : 
the  modification  CH^^  :  Br.  :  Br.  :  Br.  =  j  :  3  :  4  :  5  by  Grieas's  reaction  from 
dibromoparatolmdin^  and  the  modifieatioii  1 1  2  :  4  •  6  (?)  from  tribronuneta- 


*  The  jUbromotolnidine  formed  on  redwmig  tbia  eomponnd  melts  aft  95%  Uiat 
derived  from  the  isomeride  from  the  dibromotoloene  from  oietabroinorthoiolaidiiM 
neltiiig  at  83^ 
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tolaidine.  The  former  in  a  colourless  li<juid  which  boils  at  260°  (500°  F.);  Uie 
]atterajrtalltie»mkwgiieedl«wli]ofaiiiettat70  F.),  and  it  boik  at  290' 
(554*  F.). 

(133S)  BsoMOXTLBitBAi— TSHien  bromine  ia  added  to  well  cooled  paraxjlene , 
*  paradimethylbromobenaene,  C^H,Br(CHj).j,  is  produced,  which  may  hv  ob- 
tained in  glistening  colourless  plates  luelting  at  10°  (50°  F.)>  and  which  boils  iit 
aoo°  (392°  P.)  (Jauuasch).  By  the  action  of  an  excess  of  bromine  a  ^aradi- 
metkytdibromobename,  CJI^Br^CHJ,,  is  prodnoed;  tUa  erjataUiiea  in  colour- 
\et»  laminae  which  melt  at  72"  (161H  F.\  It  bdla  at  256'  (49a''-8  F.).  By 
the  action  of  bromine  on  boiling  piraxylene  an  isomeric  body,  C,H^(CH,Br)j, 
is  obtained  which  melts  at  145'' — 147°  (293** — 296**  P.)j  the  bromine  in  thi« 
compound  is  readily  displaced  by  other  radicles. 

MUadimetl^WromuAemim^  or  hnmometaxyUne,  C,U,Br(CIIJj,  in.liquid, 
and  boQa  at  205"  (40i«  F.);  m^tadimeifyldihramobeiuune,  C,H,Br,(CHj,. 
WaomMca  dibramoparaxvlene  in  all  respects.  Metaxylene  also  furnishes  a  tetra* 
Jrr>wo-derivative,  C,Br^(CII,)j,  wliich  melts*  at  241"  (465°'8  F.);  it  djataUizet 
from  alcohol,  in  which  it  is  diificuitly  soluble,  in  long  slender  needles. 

Bromo-derivatives  of  orthoxylenu  huve  not  been  prepared  in  a  pure  state. 

Inaamnob  aa  tbe  monobromo-deriyatiTe  of  each  of  the  three  xjleoea  ia  oonrer^ 
tiUe  into  paeadomimene  (p.  388),  it  ueoesaarily  foUowa  that  bromine  alwaja 
takea  np  such  a  position  as  to  form  a  derivative  of  the  1:2:4  series,  and  that 
tivf  ooastittttioa  of  tba  bramoxyleiwa  ia  that  xepresentad  bjr  the  foUowing  figmta: 


CH, 

CB, 

0' 

Br 

CH. 

0 

CH. 

CH. 

CH, 

Br 

Pseodoctunaos.         Broi&opsrujlciM.         BrootometujleiM.  Bromortbozjlcae. 


(1339)  Bbomethyi.bknzene.— By  the  action  of  bromine  on  well  oooled 
ethylbenzenc,  a  liquid  ethi///jroniohe»zenp,  C^HJir.C^Hy  boiling  at  199**  (390*'2 
¥.),  is  obtained;  this  is  doubtless  a  mixture  of  isomeric  bodies,  but  consists 
chiefly  of  paraethylbromobenzene  (C^H^  :  Br  =  i  :  4)  as  it  furnishes  parabro- 
nobmioie  aoid  on  osidatioiL  When  the  hydroearbra  ia  heated  to  about  140** 
(984"  F.),  howefir,  the  ooopoandi  C,H,.CHBr.CH,  and  C,H^CHBnCH,Dr, 
are  produced ;  the  former  ia  a  liqnid.  aud  the  latter  a  oryHtalline  solid  melting  at 
OS'  (i54°  4  F.) ;  both  are  very  unstai)le  substiinces,  and  readily  enter  into  reac- 
tions ul  double  dt?compo!«itijn,  Sic.  (Thorpe,  I*roo.  Mojf,  jSoc,  xviii.  123  i  liadzis- 
zweski,  Ihut.  chem.  Ges.  Ber.t  vL  492). 

(1340)  BBOKOTBXMBTHTLJnsiVES. — Bromomesitylene  is  a  ooloarleps 
Iiq\iiil.  which  becomes  solid  when  cooled  below  0°  (32°  F.),  and  boils  at  225'^ 
(437^  F.).  The  isomeric  brouiopseudocumene  forins  crystalline  laminae  whii  h 
melt  at  73°  (l63'''4  F.)  Tribromomesitylene  and  tribromopseudocumene,  how- 
Ofer,  are  botit  cryatalUne  and  melt  at  224"  (435'^'2  F.). 

The  altentkm  in  propertiea  induced  by  the  introdnetion  Into  beniane  tilt  one 
or  more  methyl  groups  in  place  of  hydrogen  oomee  out  very  strongly  in  the  for- 
mation of  the  bromo-derivatives.  Thus  the  conversion  of  Ixinzene  into  bromo- 
henzene  takes  plac«  very  slowly,  but  toluene  is  reatlily  converted  into  bromo- 
toluene ;  the  formation  of  a  dibromotoluenu,  however,  takes  place  with  much 
greater  difficulty  tiian  that  of  dibromobensene.  The  zylenea  are  rapidly  trans- 
formed into  dibnnno-deiiTatiraa  by  tlie  action  of  a  dight  ezoeaa  of  facon^me^  and 
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the  trimethylbenzenes  furnish  tribromo-derivativcs  with  such  readiness  that  it  i« 
necossary  to  add  tiio  bromine  with  the  greatest  caution  in  order  to  obtain  mono- 
derivatives. 

(1341)  BboMO-DEKIVATIVES    op    OTHKa    HoMOLOOUES   OF  BSHZXliE. — 

Very  few  of  the  bromo-derivatives  of  the  remuning  hydrocarbona  of  the  ben- 
zene aeries  have  been  earefnlly  examined,  although  a  considerable  munber  of 
them  have  been  prepared;  several  interesting  subjects  for  inquiry,  therefore, 
still  present  thcnisolves  in  this  direction.  For  instant-f,  we  do  not  know  what  is 
the  action  of  chlorine  and  bromine  on  hydrocarbons  containing  two  (or  more)  dif- 
ferent side  chains,  i.e.  in  which  of  the  nde  ehaina  the  hydrogen  wi]lfii«tbe 
displaced'— whether  in  the  mofe  or  the  leas  complex  group — snpporing  the  action 
to  take  phwe  npon  the  heated  hydrocarbon.    la  cymeue,  for  instance,  converted 

by  the  action  of  ehlorine  faito  C,H,  |  ^J^/*^.  or  mto  C,H,  |  ^^j^ ? 

(1342)  lODO-DEBIVATIVKS  OF  THE  HoMOLOOUES  OF  BeMZEKE.  So  few 

of  theae  have  been  obtained,  and  ao  little  is  known  abont  them,  that  at  present 
they  do  not  poseeaa  any  great  interest.  All  that  are  known  have  been  prepared 
from  the  correapondmg  amido^lerivatiTea  by  Grieaa'a  method. 

IRtrO'derwaiwef  of  Bemene  and  its  Homologue», 

(1343)  Preparation  and  Properties. — The  nitro-clcrivatives  of 
the  mcQibcrs  of  the  benzene  scries  arc  readiJy  obtained  from 
the  corresponding  hydrocarbons  by  the  action  of  concentrated 
nitric  acid,  or  a  mixture  of  concentrated  nitric  and  snlphnrir  aeids. 
In  this  reaction  it  is  always  the  hydrogmi  in  the  nucleus 
which  is  displaced,  but  up  to  the  present  time  it  has  not  been 
found  possible  to  introduce  more  than  three  monad  NO,  groapa 
in  place  of  the  corresponding  number  of  h}  drogen  atoms. 

With  few  exceptions,  the  nitro-derivatives  are  ervstalliue 
bodies,  almost  insoluble  in  water,  but  readily  dissolved  by  alcohol, 
bensene,  and  many  other  solvents.  Their  behaviour  when 
treated  with  redacing  agents,  such  as  an  alcoholic  solution  of 
ammonic  sulphide,  tin  and  hydrochloric  acid,  &c.,  is  very  charao- 
teristic,  as  they  are  converted  into  tbe  corresponding  awndo-^ 
derivatives,  the  NO,  gronp  being  changed  into  the  NH,  gronp. 
In  the  case  of  the  di-  and  tri-nitro-dcrivatives,  it  is  possible  to 
reduce  the  NO,  groups  one  by  one.  Thus  by  the  action  of 
ammonic  sulphide  on  the  dinitzobenzenes  mmdoMirfAensenet  or 
iuiramlme$  axe  obtained : 

C6H,(N0,),  +  3SH,  =  C,H,(N02)(NHj^  +  2OH,  +  3S ; 

DinitroboQseiM.  AmidoottrobsDMoa. 

which,  by  further  treatment  with  a  more  powerful  reducing  agent, 
such  as  tin  and  hydrochloric  acid,  are  converted  into  tUamidnh' 
bensenes: 
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Sometinirs,  Iiowe?er,the  NO,  group  is  not  ouly  reduced  to  NU^y 
but  the  xsll^  group  la  removed  iu  the  form  of  ammonia  and 
displaced  by  hydrogen.  Triuitromesityleuc,  for  example^  is  con- 
verted on  treatment  with  tin  and  hydrochloric  acid  into  diamido- 
mesitylene,  the  triamidomeiitylene  which,  doubtlew^  is  fint  formed, 
being  further  acted  upon : 

Ce(CH3)3(NO,)3  +  9H,  =  C,(CH,),(NII.)3  +  60II,; 

Triuitroroe«itYlene.  Triainiilnir.esi;  jlene. 

C^CH3)3(NHJ,  +  H,  =  CJI(CH3)3(NHjj),  +  ^'U,. 

TrimiidooMriljlMMb  IMaiaidoiiiiMitjleMt 

N1TBO-DBRIVATIYB8  or  BsNsnNS. 

(1344)  Nitrobenzene  :  Cj^II..NO^,. — This  compound  is  readily 
prepared  by  addiiifj  benzene  to  fuming  nitrie  acid  j)laeed  in  a 
vessel  surrounded  with  wiiter,  the  mixture  being  allowed,  however, 
to  become  somewhat  ^^a^nl.     The  jirodnet  is  washed,  dried  with 
calcic  chloride,  and  distilled.     Nitrobenzene  is  a  pale  yellow 
liquid,  having  an  odour  resembling  that  of  bitter-almond  oil_,  on 
which  account  it  is  nmeh  used  by  ])erfumers  under  the  name  of 
'  Essence  de  Mir  bane.'    It  boils  at  212^ — 213°  (4i3°'6 — 4i5°'4  F.). 
When  cooled  below  3°  (37°'4  F.)  it  crystallizes  in  prisms.  Nitro- 
beniene  is  a  remarkably  stable  substance,  not  beiug  attacked  by 
chlorine  or  bromine  even  at  its  boiling-point:  in  presence  of 
iodine  or  antimonic  pentachloride,  however,  chlorine  acts  upon  it, 
forming  metachloronitrobcnzene  and  nitroparadiehlorobenzene. 
Bromine  also,  when  heated  with  it  to  250®  (4^2^^  F.)  gives  rise  to 
bfomobenzenes,  the  oxygen  of  the  nitro-gronp  appearing  partly 
in  the  form  of  water,  partly  in  the  form  of  carbonic  anhydride, 
whilst  the  nitrogen  is  evolved  as  such. 

Fuming  sulphuric  acid  dissolves  nitrobenzene,  forming  a  miz- 
ture  of  isomeric  nitrobensenesulphonic  acids,  CqH^(N02)(HSOs). 

Nitrobensene  is  scarcely  aflected  by  a  boiling  aqueous  solution 
of  potassic  hydrate,  but  by  the  action  of  an  alcoholic  solution  it  is 
converted,  into  azo»ifbeiusenef(CJdfi)Jd,  and  azobemene,  (C^W^)^:,. 
Nitrobensene  is  converted  by  most  reducing  agents  into  atdlme 
or  ifmidt^iemene  (phenylamine) : 

C.  IL  NO,  +  3H,  =  C,H,.NH,  +  aOH,. 

Kitrobcnzcno.  Amidobenaeae. 

When  it  is  reduced  by  the  action  of  ammonic  sulphite,  however, 
the  ammonic  salt  of  phewylnUphamie  acid  is  produced. 
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(1545)  DiNiTBOBEMiBNBs :  C«B^(N02),.— When  nitrobenzene 
b  gradnally  introdnced  into  &  miztore  of  eqnal  vdnnies  of  the 
strongest  nitric  acid  and  fuming  snlphnric  add  nntil  it  ceases  to 
be  dissdved,  and  the  mixture  is  then  gently  heated  for  some 
hours,  until^  on  testing  a  portion,  it  is  found  that  the  oil  whidi 
separates  on  the  addition  of  water  solidifies  entirely  on  cooting,  it 
is  converted  into  dinitrobensenes.  The  product,  however,  con- 
tains three  isomeric  compounds,  of  which  the  metadinitrobensene 
(NOg :  NOo=i  :  3)  is  present  in  by  far  the  largest  quantity. 
These  isomerides  may  be  separated  by  systematic  crystallisatioiL 
from  alcohol  (CAem.  Soe,  Joum.,  zxix.  207). 

Paradinitrobensene  (1:4)  crystallizes  from  alcohol  in  neariy 
colourless  Hat  needles  melting  at  171° — 172°  {339°*8 — 341°*^  f.) ; 
it  is  almost  insoluble  in  water,  moderately  soluble  in  ether, 
benzeue,  or  cliloroform,  and  slightly  soluble  in  cold  alcohol. 

Mvtadimtrobeiizene  (1:3)  crystallizes  in  long  glistening  almost 
colourless  needles,  and  melts  at  89*^*8  (193^*8  F.).  It  is  extremely 
Koluijle  in  boiling  alcoliol,  but  only  slightly  soluble  iu  culd 
alcohol. 

Oriltuduutrobensene  (1:2)  crystallizes  from  dilute  alcohol  iu 
almost  colourless  needles,  resembling  sublimed  benzoic  acid,  and 
from  absolute  alcohol  iu  large,  striated,  j^ale  golden-yellow  prisms 
or  large  transparent  tables.  It  melts  at  117  "9  (244°*2  F.),  but 
a  mixture  of  equal  parts  of  meta-  and  orthodiuitrobenzene  melts 
constantly  at  64° — 65°  (i47°'2 — 149  F.) ;  it  is  couaiderahly  less 
soluble  in  boiling  alcohol  than  the  meta-  com^und. 

(1346)  XiTKOTOLrBNFS — By  the  action  of  nitric  acid  on  toluene,  a  mixture 
of  parti-  ami  orthonitrotol uenc  in  variable  proportions  is  produced  :  the  more 
violent  the  reaction — that  is  to  say,  the  stronger  the  acid,  and  the  higher  tho 
temperatnrt  at  which  it  takes  place, — the  greater  it  the  proportion  of  paranitxo- 
tcdwne;  the  amonnt  of  panuiitrotcdiMiie  prodaoed,  however,  never  exoeeda  64*8 
per  cent.,  and  18  never  lese  llyui  33*3  per  cent  of  the  total  product  (Rosenstiehl, 
Ann.  Choii.  P/ii/.s.  [4],  xxvii.  433).  I^ilstein  and  Kulilberg  affirm  that  the 
two  iiitr'itiilneiies  may  be  scparati'd  by  repeated  tVactional  distillatiou,  but 
Rosenstichl,  who  haa  exanuned  the  action  of  nitric  acid  on  toluene  in  a  inost 
caieAd  and  eKhamtive  maiuier,  and  whoee  memoir  on  the  •ntgect  deauna 
attentive  study,  states  that  it  ia  hnpoeaible  entirely  to  iieparate  them  in  thia 
manner;  in  tact,  although  the  pure  para-derivative  maybe  iiwlated  from  the 
mixture*,  pure  orthonitrotoluene  can  only  be  obtained  indirectly  from  toluene. 
Pure  parauitrotoluene  ia  readily  prepared  from  the  crude  product  by  cooling  it 
hj  meant  a  good  refrigerating  mixture;  the  oystals  which  aeparate  are  re- 
moved and  puriiiid  by  oryitallaition  fnm  aloohoL  Pure  orthonitiotolnnie  aoaj 
ha  obtained  bj  Griete's  method  from  the  amidonitrotolaene,  C,H,.NH,.NOXH^ 
prepan  d  hy  reducing  orthoparaklinitroU^iuene  with  ammonio  iulphide  (fftilirtrin 
Aud  Kuhlbi'r;„-.  Jnn.  Clam.  Pltarm.,  civ.  l). 

A  third  u:uuilicatiun,  metunitrololuc-ne,  i:i  formed  on  nitrating  aoctoparaiui- 
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or  pnaortolaid,  C,U«.CII,^lIiC,lI,0).  and  displacing,  by  GrieM'a 
method,  tbe  KB^  gnKi|i  in  tho  nitropaninidotolatfne  obtaimd  firom  thui 
oompoand,     hjuogan.   Tho  thrw  iaomerie  nitro6>liMiMt  hate  the  fbllowing 


BIoUin(;-potnt.  Boiling-point.  8pi  gt. 

Paranitrotoluene        54  (Cent)        236°  (uncor.)  — 
Alelauitrutolueue  liqaid  2^1°     „  I'i68at2  2°. 

Orthonitrotoliieiw         liquid  323°     „  1*^63  at  23  5. 

By  the  action  of  chromic  acid  mixture,  para-  and  raetanitrotuluene  are  readily 
oxidized  to  para-  and  metanitrobeuzuic  acids,  C,iI^.N 0^.000 H,  whilst  ortUouitru- 
toIoCTO  is  completely  deoompoMd  ander  thaw  citcutnitancea. 

DmUrUolueHe*. — By  the  aoUoD  of  tha  atrongaat  oUrio  add,  or  a  mixture  of 
nitric  and  sulphuric  acids,  on  paranitrotolaaoa,  ortkoparadinitrotofuent 
(CH,  :  NOj  :  NOj  =1:2:4)  is  produced ;  it  crystallizes  in  almost  colourless 
needles,  which  melt  at  about  70°  (158'^  F.).  The  same  body  is  obtained, 
togedier  with  a  liquid  isomeride,  which  is  probably  dioHho^inUraiolmm 
(CH, :  NO, :  NO,  a  I  :  a  :  6),  fay  nitrating  orthonitrotoluene  (Roieiiatiekl,  2oc. 
tit,i  Cannth,  Ann.  Ckem.  PAarm.,  dxxii.  221).  A  third  dinitrotoUeoe  ia 
produced  by  agitating  raetanitrotolueiio  with  the  strongest  nitric  acid  for  oome 
time  ;  it  forms  long  colourlees  needies,  which  melt  at  60''  (140°  f .)  (Beilstein 
and  Kuhlberg,  loc,  cit.). 

THmiroiolmmM, — Hy  heating  orthoparanitrotoliieiie  with  a  mixture  of 
faming  sulphnrioand  nitrie  adda  it  ia  gradually  oonTorted  into  a  trinitrotoluene, 
which  melts  at  8o°*5  (i76°"9  F.);  the  same  compound  is  obtained  on  simil,  rly 
treating  the  mixture  of  nitrotoluenes  formed  by  nitrating  toluene.  As  tliis 
compound  on  reduction  furnishes  a  dinitroamidotoluene  identical  with  that  formed 
from  the  dinitroparacetoluid,  produced  by  nitrating  paraoetoluid,  there  can  be 
bni  little  doubt  that  the  NO,  groupa  are  in  the  poaitiona  a  s  4 :  6  rehOtTely  to 
the  CH,  group. 

An  isomeric  trinitrotoluene  is  produced  by  nitrating  metanitr  )toluene 
(BeilsU'in  and  Kuhlberg,  loc.  n't.  and  clviii.  341^  Tiemaonf  JDeut,  chem,  Ges, 
Mer.,  ilL  217  j  Aliils,  FAiL  Mag.,  1875). 

(1347)  NiTBozTUHM. — As  the  xylenea  am  eonferted  into  dbitro- 

derivatives  with  the  greatest  readiness,  the  preparation  of  the  mononitroxy^enct* 
is  a  matter  of  some  diflSculty.  Nitropara^limHhi/lhenzenc,  CJlIg(^'OJ)(CH  J,, 
is  obtained  by  carefully  adding  the  calculated  amount  of  nitric  acid  tu  weil  cooled 
paraxylene;  it b a eolowdMa oil  whioh  boilaat 334**— 237"  (453°  2— 45^°^ 
(Jamiaaeh,  Amm,  Chm,  Pkarm.,  dam.  55).  By  the  action  of  a  alight  excew 
of  fuming  nitric  acid  on  paraxylene,  a  mixture  of  two  isomeric  (//niVro-derivatives, 
in  about  equal  quantities,  is  produced,  one  of  which  melts  at  93"  (i99''*4  I'.), 
and  tliL'  other  at  125°  (257°  F.);  they  may  be  separated  by  crysUillizjition  I'rom 
alcohol,  the  former  being  more  soluble  than  the  latter  (Jannasch,  ibidm 
fllsad.  81).  By  tbe  aetion  of  a  mature  of  eonoentrated  anlpburie  and  fuming 
nitric  acids,  paraxylene  ie  eonverted  into  trinitroparaxylene,  even  in  the  cold  if ' 
allowed  to  stand  for  some  time ;  this  is  much  more  soluble  in  hot  alcohol  than  the 
iaomerie  metaxylene  derivative,  and  crystalli7X'»  in  larger  colourless  needles, 
which  melt  at  137''  (278°'6  F.)  (Fittig,  Ahreus  and  Matlheides,  ibid,  cxlvii.  23). 

Nitrometazylene,  prepaied  by  Grieaa'a  method,  lifom  the  amidonitrometa- 
i^lene  from  dinitnwietaiyleM,  melta  at  a^  {ZS^^  ^37°— 
239*  (4S8*"6 — 463''-2  P.).  By  gently  warming  the  Motion  of  metaxylene  in 
fuming  nitric  acid,  it  is  entirely  converted  into  dinitrometaxylenet'^h'iQh.  melts  at 
Ihtf  atme  temperature  aa  the  isomeric  paraxylene  derivative ;  it  crystallizes  in 
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lai^  oolourleas  flattened  needles ;  whereas  the  diuitroparaxjlene,  whieh  rndti  aft 
93**,  foniM  \arg6  well  developed  moDodinio  priams.    By  gently  warroing  with  a 

mixture  of  nulphuric  and  nitric  acids  metaxylene  is  rapidly  converted  into  the 
irinift  O'i.Wwuiive,  which  melts  at  176^  (348*''8  F.),  and  cqratalliieB  ill  thitt 
colourless  Hatteited  nt-edlen  {foe.  ci(.). 

The  uiiro  derivatives  of  orthoxyiene  have  not  been  examined ;  even  after 
prolonged  heatiiig  with  mtne  asld  it  onlj  fiuniihee  liquid  prodnota. 

(1348)  NiTBOTRiMETnYLBENzEXEs. — Pseudocumene  is  readily  converted 
into  the  uiononitm-derivative  by  the  action  of  cold  fuminyf  nitric  acid.  Nitro- 
y>.sv'Mf?wMWf«e  crystiiUizes  in  lon^  almost  colourk'.ss  needles,  which  melt  at  71^ 
(i59°'S  F.) ;  it  may  be  dissolved  in  cold  fuming  nitric  acid  unchanged,  whereas 
the  isomeric  nitromeaitylene  is  so  readily  converted  Into  the  di]iitro*deriv«tiv«, 
that  the  latter  is  obtained  almost  as  sole  product  on  dropping  metiitylene  into 
cold  fuming  nitric  aciil.  Pure  dinitrnpseudocumene  has  not  been  obtained. 
P.seudocuniene  readily  fumisht^  the  trinitro-derivative  when  added  to  a  cold 
mixture  of  2  vols,  concentrated  sulphuric  acid  with  i  vol.  fuming  nitric  acid. 
Trinitropieudoeumene  crystallizes  in  colourless  prisms,  whieh  melts  at  185'' 
(365*  F.)  (Fittig  sod  Laubinger,  Ann.  Ckem,  Pkarm,,  di.  259). 

Niircmeniylene,  obtained  by  the  action  of  ordinary  nitric  acid  (sp.  gr.  1*38) 
on  mesitylene,  crystallizes  in  well  developed  pale  yellow  prisms,  which  melt  at 
41'  (io5°'8  F.)  (Fittig  and  Storer,  ibid.,  cxivii.  i ;  iiiodermann  and  Leduux, 
Deut.  chem.  Oes.  Ber.,  viii.  57). 

Dutifywn^ityleM  forms  fine  colourless,  glistening  rhombic  crystals,  vrhidi 
melt  at  86°  (i86°'8  F.);  it  is  one  of  the  most  characteristic  derivatires  of 
mesitylene.  Mesitylene  in  converted  in  a  few  minutes  into  trinitromesitjfleme 
by  the  action  of  a  cold  mixture  of  i  vol.  of  fuminf^  nitric  with  2  vol.«.  con- 
centrated bulphuric  acid;  it  crystallizes  in  colourless  needles,  which  melt  at 
232°  (449°'6  F.),  and  are  very  diflkultly  adnble  in  hot  alcohol:  trinitropaeodo- 
cumene,  on  the  contrary,  diMolves  readily  (Fittig,  Ann»  CftcHi.  JPiarm^  caJL 

It  is  noteworthy  that,  to  convert  benzene  into  nitrobenzene,  it  is  necessary  to 
einpltjy  very  strong  nitric  acid,  and  even  then  tlie  action  is  of  a  very  mild 
character,  whilst  dinitrobenz^ne  is  only  formed  after  heating  with  a  mixture  of  the 
strongest  nitric  and  sulphnric  sdds.  Toluene  is  far  more  readily  converted  into 
nitrotolnene,  and  furnishes  dinitrotolnene  with  no  great  difficulty ;  it  may  even 
be  convert ed  into  ^nnitrottduene  by  prolonged  warming  with  nitric  and  snlpharic 
acids.  The  diinethylbenzenes  readily  furnish  dinitro-derivatives ;  and,  lastly, 
the  triinethylbenzenes  are  so  readily  converted  into  trinitro-derivativcs  tiiat 
special  precautions  are  required  in  order  to  prevent  their  formation  when  lover 
d^vatives  are  bnog  prepared. 

Very  little  is  known  of  the  nitro-derivativcs  of  the  remaining  hydrocarbons 
of  the  benzene  series.  By  the  action  of  nitric  acid  on  ethylbenzene,  IVilstoin  and 
Kuhlbeig  clvi.  206)  have  obtained  a  mixture  of  isomeric  eth^lnitrobm" 

^sefi««,  Cftif.XO^.Lyi,,  corresponding  to  the  mixture  of  isomeric  nitrotoloeoea 
formed  on  nitrating  toluene.  Boti^  are  liquid  and  b<ril  respectively  at  24^* 
(473*  F.)  and  227°  (440"*  6  F.);  the  former  is  converted  into  paranitiobeuoM 
acid  on  oxidation,  but  the  latter  does  not  furnish  a  corresp/mding  acid. 

Cyniene  al.M)  yields  two  iiiononiti"o  dei  ivatives  ;  the  cliict'  product  is  liquid, 
the  isomeric  compound,  however,  is  crystallijie,  and  melts  at  125^  (^57°  F.) 
(Fittica,  UnA.  duii  3 1 3). 
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Cyano-Derivatives  of  Benzene  and  its  Hoinoloffues, 

(1349)  Ctano-dbxuvatiybs  of  Binsine.  —  CyaM^ensene, 
PhenyHc  cyanide,  or  Beneonitrile :  CgH..CN  or  C^H..C=N.--Thi8 
compound  may  be  obtained 

I.  By  dktiUing  a  mixture  of  tbe  potaanc  or  aodie  aalt  of 
bensenesulplionic  acid  with  potassic  cyanide  or  ferrocyanide : 

C,H,.SO,K  +  KCN  =  C^Hj-CN  +  SO,K,. 


2.  By  diBtilling  bensamide  with  phospboric  anhydride  or 
pentaaulphide : 

CjHg.CO.NH,  +  P,0,  =  C,II,.CN  +  aUPO,. 

3.  By  digeating  together  potassic  thiocyanate  and  benzoic 
add^  and  afterwards  distilling  (Letts,  Deut.  chem,  Ge$,  Ber.,  v. 
673).  Probably  beniamide  is  first  produced  and  subsequently 
resolved  into  cyanobenzene  and  water  under  the  influence  of  the 
potassic  benzoate  (Kekul^^        yL  112): 

aCell-.COOH  +  KCNS  =  CgH..CO.NH,  +  COS  +  CJ1..C00K. 

Beojoleadd.  Potwde  Bmiamldii,  Cvbonio  FoUmie 

ttlocTiaale.  oi^ialphldB.  beDMSt*. 

4.  Cyanobeuzene  is  also  formed  by  distiliiug  the  product 
of  the  action  of  benzoic  chloride  on  argentic  cyauate  (Schiitzeu- 
berger)  : 

C,H,.COa  +  AgOCN  =  C,H,.COOCN  +  AgGj 

I  ddorlde.  Baiinie«i|aiMt«i 

C,H,.COOCN  =  +  CO,. 

leyuate.  CTtoobennna. 


5.  By  distilling  a  mixture  of  oxalic  acid  and  aniline  (Uof- 
mann). 

6.  By  digesting  pheuylic  isothiocyanate  with  finely  divided 
metallic  copper  at  its  boiling  point;  the  isothiocyanate,  C^H^.NCS, 
is  doubtless  first  converted  into  the  isocyanide  or  isopyanobensene, 
CjHj.NC,  which  then  undergoes  isomeric  change  and  is  trans- 
formed into  cyanobenzene ;  this  is  rendered  highly  probable  by 
the  &ct  that  when  isocyanobenzene  is  heated  alone  in  sealed 
tubes  for  2—3  hours  to  aoo^^aao^  (392^—428°  P.)  it  undergoes 
this  change  (Weith,  ibid,  vL  210). 

Cyanobenzene  is  a  colourless  mobile  liquid  having  an  odour 
somewhat  resembling  that  of  bitter  almonds ;  it  boils  at  191'^ 
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(3 75^' 8  F.).  Wlien  heated  with  water  it  is  slowly  oonTerted  into 
amnionic  benzoate^  but  it  is  far  more  readily  decomposed  in 
preseoce  of  acids  or  alkalies ;  on  boiling  with  an  alcoholic  solatioa 
of  potassic  hydrate  it  is  rapidly  converted  into  potassic  bensoate. 
Cyanobensene  combines  with  1^  haloid  acids^  forming  componnds 
such  as  C^HiN^sHBr  and  G^HiN^HCL  By  the  action  of  famng 
nitric  acid  it  is  converted  into  crystalline  metmiUroeymioieHzme, 
CeH«.NOyCN.  When  heated  with  bromine  to  140°— 150° 
(284^—302^  F.)  it  ibmishes  a  small  quantity  of  a  substance  of 
the  composition  C^H^NBr,  (?  C^H^BrN.HBr);  a  crystalline  body 
represented  by  tiie  empirical  fiinnnla  C^H^NBr,  the  nature 
of  which  has  not  been  determined;  and  a  yiatad  substance 
(Engler). 

Cyanobenzene  k  readily  polymeriEed.  Thus  when  it  is 
gently  heated  with  sodium  it  furnishes  cyaphemm — a  body  of  the 

same  empirical  composition  as  the  original  substance — together 
with  sodic  cyanide  and  another  carbon  compound  (Hofmann). 

Cyaphenine  is  also  formed  by  the  action  of  benzoic  chloride  on 
potassic  cyanate  (Cloez)  ;  and  from  the  compound  C-HjNBr 
from  cyanobeuzene,  which,  when  heated,  splits  up  into  cyaphenine, 
bromine,  and  cyanobenzene.  Cyaphenine  is  only  slightly  soluble  iu 
alcohol  or  ether,  but  readily  soluble  in  carbonic  disulphide  ;  it 
crystallizes  in  small  needles  which  melt  at  224°  (435°* 2  F.).  It 
does  not  furnish  ammonia  when  boiled  with  an  alcoholic  solution 
of  {)otassic  hydrate  (Engler,  Ann.  Chem.  Phami.,  cxlix.  3 to).  It 
dissolves  in  sulphuric  acid,  being  converted  into  a  sulphu-acid  ; 
whilst  fuming  nitric  acid  transforms  it  into  a  crystalline  mono- 
nitro-derivative. 

Isocyajiobenene,  Phenylic  isocyanide,  or  Phenylcarbamine : 
CjHj.NC  or  CfllL.N  C. — ^This  compound  is  formed  on  distilling 
a  mixture  of  chloroform,  aniline,  and  an  alcoholic  solution  of 
potassic  hydrate  (Uofinann,  ibid,  czHt.  117) : 

CHCI3  +  C,H5.NH,  +  3KHO  =  C,H,.NC  +  3Ka  +  3OH,. 

Chloroform.  Auilino.  iBocjauobcnzene. 

It  is  a  mobile  liquid,  blue  by  reflected  and  green  by  transmitted 
light.  It  has  a  pungent,  most  unpleasant,  aromatic  odour  like 
that  of  hydrocyanic  add,  and  its  Taponr  produces  an  intensely 
bitter  taste  upon  the  tongue,  and  a  suffocating  sensation  in  the 
throat  It  brals  at  about  160^  (320®  F.),  but  n  at  the  same 
time  partially  decomposed.  It  is  easily  distinguished  from  the 
isomeric  compound  by  the  enexgy  with  which  it  enters  into 
reaction  with  various  bodies.    Thus  it  unites  my  readily  with 
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metaUic  cyamdei  fonning  crystaUine  doable  cyuudeB^  and  when 
heated  with  sulphur  combines  with  it  to  form  phenylio  isotiiiocya- 
nate.  C^H^.NCS  (Weith^  Deui,  chem,  Get.  Ber.,  tL  210) ;  bea- 
Bonitriie,  on  the  contrary,  unites  but  slowly  with  metaUic  cyanidesj 
and  does  not  combine  with  snlphnr.  The  isocyanide,  moreorer, 
is  scarcely  altered  by  alkaline  solations,  although  theyreadily  decom- 
pose benionitrile ;  and  it  is  easily  decomposed  even  by  dilute  acids 
and  wi^  great  evolntion  of  heat  by  concentrated  acids^  whereas 
benaonitrile  is  affected  by  acids  only  on  heating.  The  reactions 
which  take  place  are  represented  by  the  following  equations : 

C^H,.NC  +  OHg  =  CgHj.NH(HCO) ; 
C^H5.NH(HC0)  +  OH,  =  CeH^.NH,  +  HCOOH. 

CN.C^,  +  NH,.C,H,  =  CH  |5^^» 

iMHyadMMMw  AbIBm.  MtlhenTl-  diph4a|y|> 

diMniiMi. 

Paradteyanobenaene  :  C,H^(CN)^  {CS  :  CN=  i  :  4),  prepared  by  distilling 
ft  mixture  of  the  potassic  nalt  of  benzeneparadiaulphonic  acid,  C,H^(SOjH)^,  and 
potasflic  cj^anide,  crystallizes  in  long  thin  needles,  and  melts  at  about  220"^ 
(428°  F.) ;  when  decomposod  by  boiling  with  potaesic  hydrate  solutioa  it  I'ur- 
nilhfls  ttnpkikalie  acid,  C,II,(COOII),. 

Mtladujftmob&ngfue  (CN  :  CN  s  i  :  3),  shnihrly  prepwred  from  lenaeoe- 
metadisalphonic  acid,  crystalliies  in  fine  short  needles;  it  melts  at  160° 
(320°  F.),  and  yields  isopktkaiie  aoid  (Bsrtb  and  Senho&r,  J)emL  ekem.  Qm. 
Her.,  Tiii.  254$  1481). 

(1350)  Ctabo-dbbitatitbs  or  vsb  HcMOtoeins  or  BBirzBirB.<— Anam* 

her  of  cyaDO^enTBtives  have  been  obtuned  by  distilling  miztares  of  potawie 
cyanide  with  the  potassic  salts  of  the  sulpho-acids,  derived  from  the  homologiies 
of  benzene,  but  little  is  known  of  them ;  in  all  of  these  the  cyanogen  is  present  in 
the  group.  Cyano-derivatives  have  also  been  formed  from  the  chloro-deriva- 
tivM  of  the  hooMdogacs  of  beosene  oontaming  chlorias  la  tiie  ade  dunn,  by 
doable  deoompodtioii  with  poCaine  eyanide:  the  oompmindi  C,H^CH^CK» 

C.H,(CH,.CN)„  C.H..C,H..CN.  C.H^  |  ^,\\'^^^  and  C.H^  |  fl^^^cN''"^  ^ 

thus  prepared.  With  the  exception  of  the  dicyano-derivative  of  xylene,  which  is 
czystalline,  they  ore  all  colourless  liquids. 


^Uro-haloid  Derivatives  qf  Benjsene  and  Us  HomologtAes, 

(1351)  The  various  haloid  derivatives  of  benzene  and  its 
homolo^ues,  formed  by  the  displacement  of  one  or  more  atoms  of 
hydropren  in  the  group  by  halon^ens,  are  all  more  or  less  readily 
converted  into  nitro-haloid  derivatives  by  the  action  of  nitric  acid. 
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The  liakxid  derivatiTes  containing  the  halogen  in  the  dde  chain 
a|j])car  alao  to  yield  nitro-haloid  derivatiTeB  on  careful  treatment 
with  nitric  acid^  although  but  yesty  few  componnda  of  thia  class  have 
heen  obtained*  The  formation  of  nitro-haloid  derivatives  from 
nitro-derivatives  has  been  realized  in  but  a  very  limited  number  of 
cases ;  in  fact,  the  only  compounds  which  have  been  prepared  in 
this  way  are  meiachloronttroben::ene,  C^II  jCl.NOj,  and  nitrojjara* 
dichloroben^ene,  CglljCU^.XO,.,  formed  by  the  action  of  chlorine 
on  nitrobenzene  in  presence  of  ioilinc  or  antimonic  pentachloriilt , 
and  ortho-  and  paranitro-  (o— i)  chlorofoluene,  CyH^.NO^.ClIX'l, 
obtained  by  the  action  of  chlorine  on  licated  ortlio-  and  para- 
uitrotoluene  (WachendorflF,  Deui.  chcni.  Ges.  Jkr.,  viii.  iioi).  A 
considerable  number  of  nitro-haloid  derivatives  have  been  pro- 
cnred  by  Griess's  method  from  nitro-haloid-amido-derivatives  of 
benzene  and  its  homologues. 

A  very  large  number  of  nitro-haloid  derivatives  of  benzene 
and  its  homologues  have  been  obtained  by  these  various  methods, 
but  it  will  ])e  imiX)88ible  to  give  here  more  than  a  general  aecuuut 
of  their  formation  and  properties.  With  very  few  excei)tiuns 
they  are  crystalline  substances,  insoluble,  or  nearly  so,  in  water, 
but  soluble  in  alcohol,  ether,  benxene,  &c.  In  most  cases  the 
bromo-dcrivatives  have  been  more  completely  examined  than 
either  the  chioio-  or  iodo-  derivatives. 

(1352)  NiTBO-HALoiD  Dehivatives  OF  Benzk5E.  Nif ro-monohalotd 
derivutircs. — C'hioro-  bioniu-  and  iodobeir/eDe  earh  turiii>h  a  mixture  of  ibe 
para-  aud  oft/iomonojiilro-dcri\iili\i:&  ou  treatuicnt  with  turning  nitric  iicid ; 
the  panKlerivative  is  always  the  main  product,  but  a  relatively  larger  prupor> 
tiou  of  the  ortb<HleriTative  ippean  to  It  I'unned,  the  more  violent  the  treat  iiunt 
to  which  the  haloid  benzene  derivative  is  submitted  :  thus  the  best  yield  of 
orthouitrobroniobenzone  is  obtained  by  adding  the  bromoben/.nu'  to  niisie  acid 
of  the  sp.  gr.  I'5  heated  to  90° — 95*  ( 194**— 203**  F.)  (Zincke  uud  Walker, 
ihid.  V.  1 14).  Moreover,  iodobenzene  appean  to  ftmiiah  rdatiTely  the  hurgert 
•moaDt  of  the  ovthonitro-derivative,  sa  mnoh  ae  40  p«r  oeitL  ot*  the  product  con- 
sisting under  favonrsble  conditions  of  orthonilroiodobcnzene  (Komer).  Meiap 
nitro-cbluro,  bromo-  and  iodobenzene  may  be  obtained  by  Griess's  method  from 
the  uietanitraiiiline,  C,H^.NO,.NH^,  fornud  on  partially  reducing  metadinitn>- 
beuzene.  AieLauitroclilorobeuzeae  may  ahio  be  procuri>d  by  chlorinating  nitro- 
benzene. 

Paranitrochlorobensene  b  not  sltend  by  boiling  fuming  nitric  acid,  but  <NI 

warming  with  a  mixture  of  fuming  nitric  aud  sulphuric  acid  it  furnishes,  as  jofo 
product,  orthi>pitnu{inttrochhrohenz€ne  (CI  :  iS'O^  :  NO  -  1:2:4);  parauitro- 
bromo-  aud  -iodobenzene  furninh  coireaponding  coujpounds.  On  similar  treat- 
ment, or  even  on  warming  with  fuming  nitrie  add,  orthonitrochlorobeDzea«  abo 
funiiihee  ortbopanuUnitrodhloiobeDseneb  bat  a  emsll  quantity  of  an  iMoerie 
dtori/  '  fu  fruchlorobetiMne  (C1:K0,  :K0,=  i  :  2  :  6),  iu  situultaneouslj  pro- 
duced ;  urthonitrobromo-  and  -iodobenzene  yield  similar  mixtureii.  The  amount 
of  diortho-derivative  produced  ja  alwayit  limaU  (6  to  7  per  cent,  of  th«;  total  pro- 
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duct  in  the  eaue  of  orthonitroiodobenzeiie  aeoording  to  Eorner),  ud  appean  to 
be  leMi,  the  more  energetic  the  reaction.  Metanitrobromobenzene  alao  fnrnisbcs 
a  mixture  of  isomeric  dinitrobromobenzenes  on  nitration  with  a  mixture  of  nitric 
and  sulphuric  ucid!«,  the  chief  product  being  a  parametadinUrobrom<^beuzme 
(Br  :  NO,  :  NO^  =  i  :  3  :  4)  (KOrner). 

The  melting  points  (°  Cent.)  of  the  varioiu  nitro-derivatives  of  chloro-  tromo- 
and  iodobenxcne  aie  given  in  the  following  table:' 


dUorobenzenc. 

bromobenzcne. 

iodobcnzeiie. 

Constitution,  the 
halo^'en  being  iu 
the  powitiou  1. 

Paranitro-   

Metauitro-   

Orthonitro-   

Orthoparadinitro-  ••• 

Diorthodinitro- 
Paramt'tadinitro-  ... 

53*4 
43' 

jO°-4 

43° 

75*'3 

S9A 

171-4 
(?)  36^ 

49'*4 
88*5 

"3"7 

I  :4 

1=3 
1:2 

1:2:4 

1:2:6 

1:3:4 

yttro-dihalu'ul  tlvncafi !•(.<. — By  tlie  action  of  fuming'  nitric  acid  on  patU* 
dibromobenzeiie  a  siiii;Ie  niononitro-derivativc  is  produced  ;  but  mtta-  and  orfho- 
dibromobeuzeue  lunii.sh  two  isomeric  mouonitro-derivati?e»,  of  one  of  whlcii, 
hoflrever,  relatively  only  a  verj  unall  qoantity  is  prodooed  in  eadi  eaae.  Thie 
dkief  prodnet  from  metadibromobeniene  ia  tiie  raodifioaliion  NO,  :  Br  :  Br  :  — 
1:2:  4,  and  the  accessory  product  the  modification  NO,  :  Br  :  Br  =  1  :  2  :  6 ; 
a  third  nitrometadibromobenzene  (NO^  :  Br  :  Hr  =  1:3:5)  is  obtained  from 
dibromopara-  and  dibroniorthonitraniiine  by  displacing  the  NH^  group  by  hy- 
drogen. The  chief  nitration  product  from  orthodibromobenzene  is  the  modiii* 
eatioo  NO, :  Br  :  Br  s  1:3:4.  The  iaomerie  diebkMrobenxenes  behave 
similarly.  Paradtiodobenzene,  however,  is  converted  by  nitric  acid  into  parani- 
troiodobenzene,  one  of  the  atoms  of  iodine  being  displaced  by  the  XO.^  group  ; 
but  metadiiodobenzene  yields  a  niondnitro-derivative.  The  melting  point* 
(°  Cent )  of  these  various  derivatives  are  given  in  the  following  table : 


bMUMM* 

dBodobeune. 

Constitution,  the 
NOj  ^roiip  licing 
in  tbe  pocitioa  1. 

Nitropara-   

Nitrometa-  ,„ 
Nitroniita-    ...  ... 

S4''-6 

85^-4 

6i°6 

i68'-4 

1:2:5 

1:2:4 

1:2:6 

Nitrometa-   

Nitnortho-   

Nitroottho*  •••  '  ••• 

65^4 
43 

104  5 
58^ 

1  =  3:5 
1:3:4 

1:2:3 

On  treatment  with  a  mixtore  cf  nitrie  and  salphturie  aeid  theae  nttrodibromo* 
benienee,  4Ss&,  are  more  or  lesa  readily  converted  into  dinitro-derivativea;  but 

WVJ  &w  of  these  latter  have  as  yet  been  carefully  examined. 

Nif  ro-trihaloid  derivatives. — By  the  action  of  fuming  nitric  acid  on  1:3:4 
tribrcmobenzene  a  mixture  of  mouonitro-derivatives  is  produced,  consisting 
chiefly  of  the  modifi«ation  XO, :  Br  :  Brs  Br  s  1:2:4:5,  together  with  a 
email  quantity  of  the  modifieatioa  NO,  :Br:Br:Br  =  1:9:5:6} 
a  third  nitrometatribroroobenzene  (IJO^  :  Br  :  Br  :  Br  =  i :  2  :  3  :  5)  is  ob- 
tained by  displacing  the  NH,  gronp  in  dibromortlionitxaniline  by  bromine.  By 
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heating  with  a  large  exceos  of  a  mixture  of  fuming  nitric  nml  fnmint^  sul- 
phuric acid  the  1:2:4:5  nitromeUitribromobeuzene  is  converted  into  a  dini- 
tro-doivitiTV.  A  nitroorthotribroinoU  nzene  (KO^ :  Br  ;  Br  :  Br  =  1:3:4:5) 
is  obtained  by  diDplacing  the  1^11,  group  in  dibromopnnnitnmtlbe  by  bromiMi 
it  is  onoertsin  whether  tbis  is  the  compound  formed  by  nitrating  orthotribrooMh 
benzene,  or  whether  the  product  i«  the  modification  NO,  :  Br  :  Hr  :  Br  = 
1:2:3:4.  By  the  action  of  nitric  acid  of  sp.  gr.  154  paratribroinobenzene 
is  very  readily  converted  into  a  diuitro-derivative,  but  by  carelui  treatment 
with  add  of  the  sp.  gr.  1-52,  in  presence  of  n  SBoall  quantity  of  seetio  Mid, 
it  furniahes  the  monenitro-dKiTative  NO, :Br:Br:Brs  1:2:4:6 
(Ricbter,  Deut.  chem.  Get.  Ber.,  viii.  1426);  by  the  aetioa  of  a  mixture  of 
sulphuric  and  nitric  acids,  panitribroraobenzcne  is  finally  converted  into  a  trinitro- 
derivative.  The  melting  points  ("  Cent.)  of  the  mono-  and  dinitrotribromoben- 
lonss  are  aa  follows : 
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(1353)  NiTRO-HALOiD  DERIVATIVES  OP  ToLUBNE. — Our  knowledge  of  the 
nitro^haloid  derivatives  of  toluene,  and  indeed  of  the  horoologueit  of  benzane 
generally,  is  extremely  deficient,  and  only  in  a  limited  nnmber  of  oases  an  snffi-  . 

oient  data  at  our  disposal  to  enable  us  to  infer  their  (»nKtitution. 

On  treatment  with  fuming  nitric  acid,  pttrahroinufuluene  ia  converted  into  a 
mixture  of  isomeric  nitrobroraotolr.oncs ;  the  main  {)roduct  is  solid,  and  meits  at 
43'  (i09***4  F.).  When  reduced,  it  fumishea a  bromotoluidine,  C-H^BrJJH^.CH^ 
which  yields  orUioiidufdine  on  treatment  with  aodinm  iw»Jpm  and  water 
(Wroblevsky).  These  observations  show  that  crystalline  nitroparabromotolneoo 
has  the  constitution  CH,  :  NO,  :  Br  =  i  :  2  :  4,  whidi  ia  confirmed  by  ita 
formation,  by  Greiss's  method,  from  the  nitrotoluidine  from  paraorthonitrotoluene 
(Beilstein  and  Kuhlberg) ;  the  liquid  isomeride  is  therefore  the  modification 
CH^  :  NO,  :  Br  =  I  .-3:4.  rarachlorotoluene  also  yields  two  isomeric  uiiro- 
dariTatiTcs. 

MeUibromotoluene  furnishes  only  a  single  nitro-derivative,  which  melta  aft 
54°  (r29*''2  F.)  {ijTcic,  Ann.  Chcm.  P/?a;-w.,  clxxvii.  24O.  The  NO,  <;roup 
in  this  compound  ia  in  the  ortho-position  rehitively  to  the  CH^  u'roup,  since  the 
bromotoluidine  obtained  from  it  by  reduction  is  identical  with  the  bromotoluidine 
prepared  from  orthotolnidina;  it  is  not  known,  howOTer,  which  of  the  following 
ligQNa  feprasents  nitrometabromotoloena  t 


CH,  CH,  CH, 


By  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  metabromo- 
tolueue  is  converted  into  a  diuitro-derivative  melting  at  about  103**  (2i^°-4  F.). 
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The  behaviour  of  pare  crikobromotohunt  on  nitntkm  hm  not  jet  been 

•Kertained. 

When  (o— i)  chlprotolueae  or  beozylic  chloride  i«  added  to  fumicg  nitric 
ioid,  it  M  oonmrted  into  pveoitro  (o-i)  chloroColnene,  whieh  nelie  et  71** 
(i59**S  F.);  ft  email  qnentity  of  an  oDj  prodaci  is  aleo  prodoced,  which  ie  per- 

hapii  the  isomeric  orthonitro-deriTetiTe.    Paranitro(o-i)ohlorotoliiene  or  parft* 

nilrohoiizylic  chloride  ia  readily  oxidized  to  paranitrobenzoic  acid;  and  when 
digtcited  with  an  alcoholic  solution  of  potassic  acetate,  it  is  converted  into  para- 
nitfobenzjlic  acetato,  C,II^.XO,.CH^(cyi/)j. 

(1354)  Action  of  Ammonia  and  Alkalies  on  the  Nitro- 
HALoiD  Derivatives  of  Benzene  and  its  Homologues. — Al- 
thoufjh  those  haloid  derivatives  of  the  hvdroearbous  of  the 
benzene  scries  which  contain  the  halogen  in  the  Cg  group  are 
extremely  stable  substances,  and  do  not  exhibit  the  least  tendency 
to  enter  into  reactions  of  double  decomposition,  their  nitro- 
derivatives  frequently  prove  less  refractory.  Thai  many  of  them 
on  treatment  with  an  alcoholic  solution  of  ammonia  exchange 
one  and  sometimes  two  atoms  of  halogen  for  one  or  two 
NH,  groups.  In  some  cases  this  action  takes  place  at  the 
ordinary  atmospheric  temperature,  in  others  it  is  necessary  to 
heat  more  or  less  strongly.  The  nitrochloro-derivatiTes  appear 
to  be  more  readily  acted  upon  than  the  corresponding  nitro- 
bromo-,  and  the  nitrobromo-  more  readily  than  the  corre- 
sponding oitroiodo-  deriTatives ;  for  sample,  dinitrochlorobenaene, 
CeH,Cl(N0,)2,  melting  at  53^*4  (128^*1  F.},  is  completely  converted 
into  dinitraniHneyC9H,.NHy(N02)j|,  within  twenty*fonr  hours,  when 
merely  placed  in  contact  with  an  alcoholic  solution  of  ammonia^ 
whereas  the  corresponding  dinitrobromobensene  requires  eight  days 
or  more  for  its  complete  couTcrsion  into  dinitraailine,  and  the 
corresponding  dinitroiodobensene  is  still  in  part  unchanged,  even 
after  many  months  of  contact  with  the  ammonia  solution 
(Komer). 

In  two  remarkable  instances  Komer  has  observed  tbe  displace- 
ment of  the  NOg  group  by  the  NH,  group  by  tbe  action  of 
ammonia  on  nitro-haloid  derivatires.    Thus  when  /3-dinitropara. 

dichlorobenzene,  C6H2Cl2(XO^)2,  is  heated  with  an  alcoholic  solu- 
tion of  ammonia  to  150° — 160°  (302° — 320°  F.),  it  is  converted 
into  a  nitrodichhramidobenzene,  C^jH  ,Cl,.NOvNH,,  the  NO, 
group  being  eliminated  as  anuuonic  nitrite,  which  then  becomes 
resolved  into  nitrogen  and  water,  thus : 

CeH,Cl,(NOJ,  +  aNH,  =  C,H,CVNOyNHg  +  N,  +  aOH,. 

Similarly,  by  beating  metaparadinitrobromobenzene  to  about 

180°  (35'^''  F.)  ^ith  ammonia  solution,  it  is  converted  into  a 
bromonilroamidobtHZcne  (Br  ;  NH^  :  NOg=i  :  3  :  4). 


834   roTASsic  cyanide  and  mitro- haloid  deritativbs.  [1.155. 

Certain  of  the  nitro-haloid  derivatives  are  converted  into 
phenol  derivatives  by  heating  witli  a  more  or  less  concentrated 
aqaeous  solution  of  potassic  liydrate.  Thus,  by  heating  orthopara- 
dinitroiodobenzenc  with  a  dilute  solution  of  potassic  hydrate, 
potasiium  a-dinitrcphenol  is  produced : 

C4H,I(N0Jj  +  2KHO  =  CjlI,(NOJj.OK  +  KI  +  OH^ 

Similarly,  dinitrometadibromobenzeDe,  C^llfirJ(NO^p  is  con- 
verted into  the  potassium  derivative  of  dinUrometabromophemoi, 
CeHjBr(N02)2.0H.  This  reaction,  however,  is  not  so  frequently 
applicable  as  that  with  ammonia. 

It  is  found  (at  least  in  the  case  of  the  di-  and  tri-derivatives) 
that  it  is  not  possible  to  displace  an  atom  of  halogen  by  NH^  or 
OH,  except  it  occupy  the  ortho-  or  para-  position  relatively  to  a 
nitro  group.  Thus  ^Aonitro-  and  poronitrobromobenzene  may 
be  converted  into  the  corresponding  nitroamidobenzcnes,  but 
ammonia  is  entirely  without  action  on  fne/auitrobromobcuzene. 

(1355)  Action  of  Potassic  Cvamde  ox  Nitko-haloid  De- 
rivatives OF  Benzkne  and  its  lio.MOLoouEs. — Vou  Ilichtcr  has 
shown  [Deut.  chem.  Ges.  Her.,  iv.  21,  461,  /"j/^^  ;  v.  422  ;  vii.  1 145  ; 
viii.  1418)  that  when  certain  of  the  nitro-haloid  derivatives  of 
benzene  and  its  honioloj^ues  arc  hoatod  with  an  alcoliolic  solntion 
of  potassic  cyanide,  and  tho  ])r()(hict  boiled  with  alkali,  haluid 
derivatives  of  acids  of  the  benzoic  series  arc  obtained.  At  first 
sii^ht  tiic  natural  interpretation  of  this  result  woidd  seem  to  be 
that  the  NO,,  group  is  displaced  by  the  CN  jrroup,  and  that  this, 
by  the  aetion  of  water  in  presence  of  an  alkali,  is  then  resolved 
into  COOH  and  ammonia ;  for  instance,  when  paranitrobromo- 
benzene  is  converted  into  a  bromobcuzoic  acid  by  this  process,  it 
might  be  supposed  that  the  following  reactions  took  place : 

C^H^Br-NO,  +  KCN  =  C.H.Br.CN  +  KNO, : 

NttvobfomolwDMiMu  CjiBobfomobmms. 

Ceil.Br.CN  +  OHj  =  C«Tf,Br.COOH  +  NH,. 

CjaaobromobeMeoe.  Dromubetiioio  add. 

This,  however,  does  not  seem  to  be  the  case ;  for  whereas  the 
products  formed  by  the  action  of  ammonia  or  alkalies  on  nitro- 
haloid  derivatives  of  benaene  and  its  homologues  aboays  belong 
to  the  tame  isomeric  series  as  the  parent  substances,  /^aronitio- 
bromobensene,  for  example,  being  converted  into  panmitraniline, 
and  or/Aonitrobromobensene  into  or/Aonitraniline,  Richter  finds 
that  the  acids  obtained  by  his  method  do  not  belong  to  the  same 
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isomeric  series  as  the  parent  substances.    Thus  paranitrobromo- 

aiid  chlorobcnzcuc  furnish  respectively  metahromo-  and  cliloro- 
b  nizoic  acid,  aud  w/6'/anitrochloro-,  brorao-,  and  iodobcnzcne  are 
converted  respectively  into  orthochUn'o-,  bronio-,  and  iodobenzoic 
acid.  Ilichter  explains  tliis  apparent  anomaly  i)y  supposinj^  that 
the  first  change  which  occurs  is  not  a  reaction  of  donblo  decom- 
position, but  that  the  nitro-haloid  derivative  enters  into  union 
with  a  molecule  of  hvdrocvanic  acid  ;  the  elements  of  a  molecule 
of  nitrous  acid  are  then  split  off,  and  thus  a  cyano-haloid 
derivative  is  produced  of  a  different  isomeric  series  from  that  to 
which  the  nitro-haloid  derivative  belotiged.  This  may  be  illus- 
trated in  the  case  of  parauitrobromobeuzeue  by  the  following 
figures : 

Br  Br  Br 

/V  /  \  /  \ 

HC         CH  HC         CH  HC  CH 

HU         CH  HC         C<„       HC  CCN 


c  c 

NO,  A  H 

H  NO, 

PKHittrabraiDO-  Addltiv«oorapn<in(^  with  IMMgranobromo* 

ImiffBt  HTdntcjuic  acid.  benzene. 

From  the  examination  of  the  behaviour  of  a  number  of  nitro- 

lialoid  derivatives,  Richtcr  concludes  that  in  no  case  docs  the 
action  take  place  when  the  NO^  {jroup  is  iu  the  or^/<o-p<>sition 
(l  :  2)  relatively  to  the  halogen.  Thus,  although  the  crystalline 
nitroparabroniotoluenc  (ClI^ :  NO., :  Br=  1:2:4)  ii^ay  be  con- 
verted into  a  bromotoluic  acid  (CTI^  :  COOH  :  Br=  I  :  3  :  4^,  the 
isomeric  liquid  modification  (i  :  3  : 4)  is  not  acted  upon.  Nitro- 
joaradibromobenzene  enters  into  reaction  with  potassic  cyanide 
when  the  two  are  heated  together  in  alcoholic  s(jlution  to  120° — 
140°  (-4(S'^^ — 284°  F.)  ;  the  isomeric  nitrom(^/f/(libromobeuzene, 
ho'vever,  is  only  acted  upon  at  about  230°  (482^  F.)  :  in  this 
way  dibromobcnzoic  acids  are  produced,  the  relations  of  which 
to  the  parent  substaaces  are  probably  expressed  by  the  following 
figures : 
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Br  Br  Br  Br 


COOU 


Nitrop«ndlI>raB6b«B«D«.  MHwihWiwiiob— WMb 

Nitro-1 : 3 : 5-tribroioobcnzene  and  nitro-i  :  2  :  4  :  6-tetrabromo. 
bensene  are  not  attacked  hj  an  alcoholic  solution  of  potaaaic 
cyanide. 

(1356)  GlNIBAL  RbTIBW  and  SUHMAIIT  OP  THB  AcTIOK  OP 

RiAOBNTf  ON  Bbnsinv  AND  ITS  HoMOioovBs.— We  hvvt  seen 
that  although  isomeric  compounds  are  neyer  formed  hj  the  dis- 
placement of  a  single  atom  of  hydrogen  in  benzene  by  the 
halogens,  NOji  &c.,  isomerides  are  often  produced  from  these 
mono-substitution  deri?ati?es  of  bensene.  As  fiur  as  we  have 
yet  gone,  only  those  mono-substitution  derivatiyes  have  been 
discussed  which  are  formed  by  the  introduction  of  CH,  and 
radicles  of  the  form  C^II^^^^,  the  halogcus,  NO^  or  CN  in  place 
of  hydrogen;  but  many  others  are  known  which  will  be  described 
hereafter,  together  with  the  more  important  of  their  derivatives 
(see  pbenol,  benzoic  acid,  and  aniline).  It  will  be  of  interest, 
however,  at  this  stage  to  compare  together  the  di-derivatives  which 
result  from  the  action  of  various  rcap:ents  on  all  the  known 
mono-substitution  derivatives  of  benzi  lu-,  leaving  for  description 
later  on,  the  higher  derivatives  formed  l)y  the  displacement  of 
more  than  two  atoms  of  hydrogen  in  benzene.  In  the  follow- 
ing table  the  nature  of  the  mono-derivative  is  denoted  (column  1 ) 
simi)ly  by  the  radicle  or  side  chain  which  is  introduced  into 
benzene  in  place  of  an  atom  of  hydrogen,  the  figures  in  the 
columns  to  the  right  indicating  the  scries  to  which  the  di-deriva- 
tives produced  by  the  action  of  the  halogens,  nitric  acid,  or 
sulpliurie  acid  belong ;  the  main  i)roduct  if  two  or  more 
isomeric  substances  result,  is  denoted  by  larger  fighres,  and  the 
accessory  product  or  products  by  smaller  figures,  the  radicle  of 
the  mono-derivative  beiug  always  understood  to  occupy  the 
position  I. 

In  a  large  number  of  cases  the  |7ara-diderivatiTe  is  the  chief 
product,  although  the  or/Ao-derivative  is  usually  produced  simulta- 
neously :  the  relative  proiiortions  in  which  these  two  are  formed 
being  largely  dependent  upon  the  conditions  under  which  the 
action  takes  place.    It  would  seem,  however,  that  the  more  care- 
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The  radkto  which 
duplMtiiB  atcitii  of 
brdrofefl  fn  l>f  uztnc 
Broiiiti;  the  moDo- 
derivatire. 

1      Series  to  which  the  derivative  beloogs,  resultiog  from  the 

introdiiotion  of 

CI 

Br 

I  ' 

NO, 

SO3H 

1:4 
1:8 

1:4 
1:2  1:S 

t 

1:4 
1:8 

1:4 
1:2 

OH,ri) 
CHClA  ... 
CCI,  ) 

1:4 

t 

t 

1:4 

t 

1:4 
1 ;  2 

•  •  • 

1:4 

1 : 2 

t 

1:4 

1 :2 

1:4 

Br   

Duplaces  the 
brotuino. 

1:4 
1 :2 

1 

1:4 

1:2 

1:4 

Displaces  the 

Displaoea  tlie 
iotlioe. 

1:4 

1:4 

1:2 

1:4 

OH  

1  4 

1:2 

1:4 

1:2  1 :S 

1:4 
1:2  1:8 

1:4 
1:2 
» 

1:4 

1:2 

KH^  

1:4 

1:4 
1:2! 

1:4 

1:4 
1:8 

1:4 

1  CH,COOH  ... 

1 

1:4 

1:4 

f 

1:4 
1 :2 

1 

CH.CU-COOU 

f 

f 

t 

1:4 
1:2 

1 

00.  OH,  

t 

f 

1 

1:4 
1:2 

f 

1:3 

Displaces  the 
aitro-group. 

Disphtuefi  the 
oitru-group. 

1:8 

1:2 
1:4 

1:8 
1:2 
1:4 
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1:8 
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1:8 

1:2 
1:4 

1:8 
1 :4 

• 

1:8 

1:8 

1:8 

1:3 
1:2 
1:4 

1:3 
1:4, 

! 

I 

1:8 

'  1 

f 

t 

f 

• 

1:8 

f 

80,.C,H,          ;  t 

I 

t 

! 

1:8 

! 

•  According  to  Rosetisticiil  (p.  324),  paranitrotitluene  is  the  main  product 
when  the  nitration  i.s  en'eetcd  by  h  lai  LTi'  excess  of  acid  (5  pts,  of  sp.  i^r.  I  "5  to  1 
of  tohiene)  at  a  relatively  high  temperature  (40^  C),  but  ortiumitiotoluene  i- 
ebieflj  prodmeed  if  a  reUtWdj  amall  amoont  of  Mid  be  taken  (c^ual  part«  of 
8  I 
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fully  and  pjradnally  the  displaccnuMit  is  effected  the  less  of  tbe 
ortho-derivative  is  prodiiecd,  and  it  is  noteworthy  that  wlicn  the 
para-derivative  is  the  main  produet,  the  me ta-dc  rival! ve  is  very 
seldom  formed.  In  other  iustances  again,  and  especially  in  the 
preaeoce  of  those  groups  which  usually  confer  an  acid  character 
upon  the  roniponnds  which  contain  them  (NOg,  COOH,  SO^H), 
the  meta-di-derivative  is  either  the  sole  product,  or  is  obtained 
together  with  a  relatively  very  small  quantity  of  the  para-^  or  the 
para-  and  ortho-derivatives. 

Attention  has  already  been  called  to  the  fact  that  the  dis- 
placement of  halogen  in  the  nitro-haloid  derivatives  by  KH,  or 
OH  only  takes  place  (in  the  case  of  the  di-  and  tri-deriTatives  of 
bensene)  when  the  halogen  is  in  the  ortho-  or  para-  positioa 
relatively  to  the  NO,  group.  Certain  of  the  nitro-haloid-amido- 
deriyatives^  however,  furnish  nitro-haloid  derivatives  of  the 
phenols  (f.eL  the  NH,  group  is  displaced  by  the  OH  group) 
when  they  are  submitted  to  the  action  of  potassic  hydrate  solu- 
tion; thus : 

CeH,Cl.NOyNHg  +  KHO  =  CeH,Cl.NO,.OH  +  NH,; 

aud  the  reverse  change  may  often  be  effected  by  heating  the 
phenol  derivatives— or  rather  the  compounds  derived  from  them 
by  displacing  hydrogen  in  the  OH  group  by  CHj  or  CgH^ — ^with 
ammonia.  These  reactions,  again,  only  take  place  when  the  NHg 
and  OCH3  groups,  &c.,  are  in  either  the  para-  or  orthO'  position 
relatively  to  the  NO.,  group. 

It  is  evident  that  Kekuld's  benzene  symbol  scarcely  affords  a 
satisfactory  representation  of  these  facts  : 

1 


acid  and  toluene),  and  the  nitration  be  illected  at  a  lower  tcnipcratore  (10®  C). 
With  phenol,  however,  the  case  is  difl'erent,  for  Komer  atatea  that  parani^ 
phenol  is  mainly  produced  on  nitntiag  phenol  in  the  odd,  but  thtt  ortbooitio- 
phenol  prevails  if  the  s«tion  tskM  plsce  at  higher  tempeiatoras. 
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since  it  does  not  in  any  way  indicate  that  a  privcn  radicle  in  the 
position  I  will  have  a  certain  influence  in  favouring  the  displace- 
ment of  an  atom  of  hydrogen  in  the  positions  2  (or  6)  and  4,  and 
that  it  will  tend  to  prevent,  or  at  least  in  no  way  favour,  the 
displacement  of  the  atoms  of  hydrogen  in  the  position  3  (or  5)  : 
that  is  to  say,  it  does  not  account  for  the  simultaneous  forma- 
tion of  para-  and  ortho-derivatives  almost  or  completely  to  the 
exclusion  of  meta-derivatives ;  nor  does  it  indicate  that  a  NO., 
group  in  the  j)osition  i  will  render  possible  the  displacement  of 
an  atom  of  halogen  in  the  position  2  (and  6)  or  4,  but  that  it  will 
not  in  the  least  favour  its  displacement  if  it  is  in  the  position 
3  (or  5).  On  the  contrary,  it  seems  to  indicate  that  whatever 
influence  the  radicle  in  the  position  1  may  have  upon  the  radicles 
in  the  positions  2  (or  6),  3  (or  5)  and  4,  the  influence  exercised 
upon  the  radicles  in  the  poeition  3  (or  5)  will  be  in  a  measure 
intermediate  between  that  exercised  upon  those  in  the  positions 
3  (or  6)  and  4,  which  we  have  seen  is  not  the  case.  Of  the 
namerons  symbols  to  represent  beniene  which  have  been  pro- 
posed, however,  none  are  able  to  express  the  relations  above 
indicated^  and  at  the  same  time  to  afford  a  satisfactory  represen- 
tation of  the  facts  which  can  be  adequately  demonstrated  with 
the  aid  of  Keknl^'s  symbol ;  and  we  may  say,  in  short,  that 
Kekul^s  symbol,  although  by  no  means  affording  an  explanation 
of  al)  the  known  fitcts  in  connexion  with  benaene  and  its  homo- 
lognes,  yet  does  exhibit  them  far  more  perfectly  than  any  other, 
and  is  probably  the  best  graphic  expression  that  can  be  devised, 
considering  the  present  state  of  oar  knowledge  of  the  subject.* 


*  Tht  resdtr  u  nqwitod  to  oanoel  the  passage  on  p.  263,  line  7  to  Ime  15, 
4xnnmencing— "  bat  inaamach"  to  "  known  resotkms  of  bemene^**  the  insertion 
of  whieh  is  due  to  sn  ovennght— Bns. 


fed 
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§  YI.  Hydrocarbons  of  the  C,jHj^_8  or  Cinnamene  Series. 
The  following  members  of  this  series  liave  beeu  obtained  : 

Gfi^     PhenjleUiylMM  or  Cinnameiie  CU.aH. 

II  146** 
CH. 

a-PbenjlpropjlMio  or  H^thjlpbeDjl-  CH.C,H, 
ethjlane  ]|  About  165* 

CU.CU, 

/3-Phenylpropylene,  Benijlethj^lene,  or  CH.CH,.C,H^ 
sUjlbaDwna  [|  about  155** 

CH, 

^a-Plunylbutylene  OT   Ethjlphenjl  -  CU.C.H, 
etiiyleue  |1 

CH.C,H, 

^-Fhenjlbiityleiie   or   Phenetbyl-  CH(CH..CH,.C,HJ 

ethylene  ||  I76'*-I78" 

CH, 

Naphthalene  tetrahjdride  —  205^ 


(1357)  CiNNAMENE  or  Phenylethylene.  Cinnomol ;  Styro* 
letu  or  Siyrol:  C^^H,  or  IladzCH.C.Hj.  —  This  hydrocarbon 
ensts  in  small  quantity  ready  formed  in  liquid  storax,  a  soft  viscid 
resin  obtained  from  the  Liquidamdar  orienialis,  a  tree  resembling 
a  plane,  which  grows  in  the  south-western  part  of  Asia  Minor 
(Hanbuiy  and  Fliickigor).  It  is  extracted  by  distilling  the  resin 
with  water  containing  sodic  carbonate  to  retain  cinnamie  acid,  when 
it  passes  over  with  the  steam,  and  floats  as  an  oil  on  the  surface 
of  the  water  in  the  receiver.  It  is  produced  synthetically  when 
a  mixture  of  benzene  vapour  and  ethylene  is  passed  throagh  a  red- 
hot  tube,  hydrogen  being  eliminated:  C^H^+CiH^sC^Hg-hH^ 
Bensene  and  acetylene  under  similar  circumstances  combine 
directly :  CfH^H-  C^H^sCgH, ;  and  acetylene  alone,  when  strongly 
heated,  yiehls  the  same  hydrocarbon:  4C2H2.=GgH^  (Berthelot). 
A  fourth  method  of  formation  is  to  heat  the  vapour  of  ethyl- 
benzene  to  redness :  CgII]o=CgHg  +  Hj. 

Cinnamene  may  be  prepared  from  cinnamie  acid  by  dis- 
tilling it  slowly,  or  by  distilling  an  intimate  mixture  of  one  part 
of  the  add  with  four  of  baric  oxide^  the  reaction  being  similar 
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to  that  which  ocean  when  benzoic  add  is  distilled  with  excess 
of  Jime : 

CgH7.C00H  +  BaO  =  C^H,  +  BaCOj. 

The  monobromctliylbcnzene,  Cgli-.CHBr.CH,,  produced  by 
the  action  of  bromine  on  heated  ethylbenzeue,  readily  splits  up 
into  einnamene  and  liydrobroraic  acid  (Radziszcwski,  Deut.  chem. 
Ges.  Ber.,  vi.  492).  The  best  method  of  etl'ecting  this  decompo- 
sition is  to  heat  the  bromide  with  an  alcoholic  sohitiou  of 
potassic  hydrate  to  180°  (356°  ¥.).  In  this  instance  metaeinna- 
mene  is  produced^  which  may  be  converted  into  einnamene  by 
distillation. 

einnamene  is  a  colourless  mobile  liquid,  of  high  refractive 
power  and  pleasant  aromatic  odonr,  which  boiis  at  146°  (294°  8  F.), 
and  does  not  solidify  at  —20®  (—4®  F.).  During  distillation, 
liowever,  the  liquid  in  the  retort  is  apt  to  rise  suddenly  in  tern* 
perature,  and  to  be  converted  into  metacinnameiie.  Aooofding 
to  Beithelot  {Compi,  Rend.f  Ixiii.  518),  the  einnamene  prepared 
from  cinnamic  acid  is  not  identical  with  that  existing  in  storax ; 
the  foimer  being  optically  inactive,  whilst  the  latter  tnms  the 
plane  of  polarisatioD  to  the  left.  Van.f  Hoff  has  shown,  how- 
ever {Deitt.  chem.  Get.  Ber.,  ix.  5),  that  the  two  products  are 
identical,  and  that  the  optical  activity  of  the  latter  is  due  to  the 
presence  of  a  small  quantity  of  another  substance. 

einnamene,  like  the  olefines^  combines  readily  with  a  mole- 
eale  of  chlcnine,  bvominei^  or  iodine.  OiniMimciie  iUbromide, 
CyllgBr^  which  is  most  oonyeniently  prepared  by  adding  bromine 
to  a  solution  of  the  hydrocarbon  in  chloroform,  is  identical  with 
the  dibromethylbenzene  obtained  by  the  action  of  bromine  on 
ethylbenxene  (1339).  By  heating  alone,  or  with  an  alcoholic 
solution  of  potassic  hydrate,  einnamene  dichloride  and  dibromide 
are  converted  into  chlorocinnamene,  CgHg.CHlZlCHCl,  and  bromO" 
einnamene,*  CgHg.CHZZCHBr,  respectively:  they  arc  colourless 
heavy  liquids,  which  undergo  decomposition  when  distilled,  and 
their  vu})uiir  exerts  an  irritating  action  upon  the  eyes.  By 
heating  the  phenyldichluro-  and  plicnyhlibromopropionic  acids, 
and  phenylchloro-  and  phenyl bromolactic  acids  with  water, 
isomeric  chloro-  and  bromocinnamenes,  CgH-.CCllzCIIj  and 
C^ll^.CBr~CH2  are  obtained  :  these  are  colourless  oils,  having  a 


•  Aeootding:  t«  Rnd7's7,pw8ki  {Deuf.  rhftn.  JJiir.,Ti.  492),  the  taomerio 
compound,  C^H^X'Br~  CH^,  U  obtained  when  einnamene  dl bromide  U»de(KHnpOMd 
by  iMatiog  with  water  in  waled  tubes  ut  190*^  (374*'  ^^')* 
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pleasant  fayacinth  odotur^  which  hoil  without  deoompoaitioD  at 

199*^  (390°*2  F.)  and  428®  (44-2°  4  F-)  respectively  (QlaseTj  A»m. 
Ckm*  P^rm.,  cUt.  1641). 

When  cinnamene  is  gradually  added  to  fuming  nitric  acid, 
the  greater  part  becomes  resiulHed,  but  a  portion  is  converted 
into  nitrocinnamene,  C^H^.NO, ;  it  crystallizes  in  large  prisms, 
having  a  pungent  aromatic  odour. 

Ciuuaiueue  readily  converted  by  oxidation  into  benzoic 
acid. 

(i3_f58)  Mctacinnaineiie  :  (C.^I^),,. — Cinnamene  is  slowly  converted  into 
tbifl  body  at  the  ordinary  temperature^  and  is  rapidly  polymerized  when  he&ted 
iu  Msled  tubM  to  aoo°  (392°  F.)-  IfetaeinMmfliie  in  an  smorphoiw,  oolomkis 
■olid  of  high  iwfraeting  power,  «id  is  dettitnto  of  smell  and  taste.  It  is  quits 
transparent,  and  suftens  un  the  application  of  heat,  when  it  may  be  drawn  out 
into  threiids;  on  distiiialiou,  it  is  reconverted  into  cinnamene.  It  is  insoluble  in 
water  and  in  alcohol,  and  ia  but  very  itpariugly  soluble  in  ether;  it  yields  benzoic 
acid  on  oxidation. 

(1359)  o-Pbintlpboptlxhb  :  C,H^.HC:zCH.CH,  f  UxTHTLPHsrrL- 
RHTLBN  K. — This  hydrocarbon  is  obtained  in  small  qnantity  together  with  phonyl- 

pmpylic  ali  ohol  by  the  action  of  sodium  amalffam  on  a  warm  aqueous  (solution  of 
cinnamic  or  styrylic  alcohol,  C,H^.HCzil 'H  CH  ,  Oil  ^Fitti^'.  Deut.  chem.  Gc*. 
Ber.,  vi.  214).  It  is  more  readily  prepared  by  subruittim;  propylbenzeue 
heated  to  about  150^  (302*  F.)  to  the  aetion  of  a  molecule  of  hromins*  and  dis- 
tilling the  prod  not  (Bsdsissewski,  ibid,  m  140 ;  b.  960) : 

C'ir.CHBr.CH..CU.  =  C.ir.HCzZC'H.Cir  +  HBr. 

Bn)mopropylbcnzene.  Phenjlpropyknc, 

It  is  s  eolonrlexs  liquid  boiling  at  about  165''  (329  F.) ;  it  combines  directly 
with  a  moleenle  of  bromine  to  form  the  compoand,  C^Hj^iir,,  which  crystdlisee 
in  colourless  plates,  melting  at  66**'5  (151**7  F.)  (Ragheinier»  Amiu  Ckem, 

J*karm.,  clxxii.  1 29). 

JPhenj/lc/iloropropt/I^tie ;  Cinnamic  chloride:  fyij.lR'ZZCH.CII.CT,  pre- 
pared  by  treating  cinnamic  alcohol  with  dry  hydrochloric  acid,  ih  a  heavy 
oily  liquid,  which  osnnot  be  distilled  without  decomposition.  PAmyliMs- 
fropi^mM,  or  cmmmmmo  io«Kde»  C,U,I,  prepared  by  the  aetaoB  of  pbosphoews 
iodide  on  the  ssme  alcohol,  doeely  resembles  the  chloride.  Phenyl^yanopro- 
pylene,  cinnamic  or  stytyhr  ci/ftiiiJf,  C'Jl^.CX,  is  produced  by  heating  the 
iodide  at  100"  (212"  F.)  with  an  alcoholic  solution  of  potassic  cyanide.  It  i»<  a 
yellowish  oil,  which  is  insoluble  iu  water,  sparingly  soluble  iu  aloobol,  but 
reedilj  so  in  ether  (Bamdohr,  2et<f.  Piorm.,  1858,  1 13). 

(1360)  ^-Phbhtlpbopylbnb  or  Alltlbbmzbvb  :  C^H^CH^CEizCH^— 
The  attempts  to  prepare  this  hydrocarbon  from  bromobenzene  and  allylic  bromide 
by  the  action  of  nodium  have  been  unsuccesbful.  Chojuarki,  however,  >tate;* 
(Comjft.  Hend.,  Ixxvi.  1413)  that  a  small  quantity  of  ailylbeuzene,  boiiiug  a( 
abont  155''  (311  F  ),  is  formed,  when  a  mixture  of  benxene  and  allylie  iodids 
is  hsated  with  sine  powder. 

(1361)  a-Pui:.NVI.HUTYLBNB  :  C.Hj.HClZCH.C.H,  ;  EtBTLPHENTL* 
FTHv.KNK. — This  hydrocarbon  is  obtained  by  distilling'  the  biOino-derivative 
formed  by  Uie  action  of  bromine  on  boiling  a-butylbenzene  :* 


*  a-Butylbenzene  is  obUiiued  by  the  action  of  sodium  on  a  miiturd  of 
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C,n,.CHBr.CH,.CH,.CH,  «  HBr  -f  C,H,.CHinCH.CHyCH^ 

It  boUi  li  i86«  (366*  8  P.),  ftod  furnidiM  •  orystdliM  dibmiiiide.  0,^„Br,. 
which  mdlsat  70*— jl""  (i58^'-i59*'*8  F.)  (lUdsbieirski,  J)eut.  ehvm,  Qet 
Ber.,  is.  a6o>. 

(1362)  i3-PBBNTLBUTT£Xini:  HjCa3H(CH^CH,.C,H,) ;  Phshxtbtxt 
STHTUunt,  is  fimned  along  with  dialljl  and  dibeosyl,  wheir  %  mixture  of 
benzylic  chloride  and  allyUe  iodida  in  ethereal  aolatiaii  is  digwted  with  sodiam 
(Aronheim,  loe.  cU,,    1 068) : 

It  is  a  eobariflM  liquid  boiling  at  about  177"  (350**  6  F.)}  it  forma  an  oilj 

compound,  ^V.^u^'*!'  ^^^^  treated  with  bromina. 

Naphtha fene  tetrahydride  :  Cj^ll^,,, — This  compound  is  produced  by  beating 
naphthiiletie,  t_\,H.,  (10  gnuH.)  with  amorphous  phosphorus  i,'riii!i.)  and 
Lydriodic  acid  (9  griu«.  of  a  solution  boiling  at  127°  C.)  in  t^euied  tubes  for 
6---8  honm  at  aao*"— 250"*  (438^—483'*  F.).  It  is  a  liquid  of  peenliar  odour, 
whioh  boils  at  305*  (401^  F.).  On  poising  its  mponr  through  n  red-hot  tubs, 
it  18  resolved  into  naphthalene  and  hydrogen;  OD treatment  with  oxidizing  agents 
it  converted  into  phthulic  acid  far  more  readily  than  napbthalene.  It  is 
converted  by  concentrated  sulphuric  acid  into  a  sulphonic  ucid,  Cjj^H^j.SOjjH,  and 
bromine  also  forms  with  it  substitution  derivatives,  which  readily  decompose  on 
distiUation  (OiKbs,  Und,  r.  678).  Naphthalene  telnohlorids,  C,,U,Ci,,  and  the 
chloronaphthalene  totraohloridas  may  bo  fsgaidsd  as  sobstitntion  deriTStivss  of 
this  bjdroearboo. 


§  VU.  Hydrocarbons  of  the  CpHj^  |p  or  Acetenylbenzenb 

(1363)   ACBTBHTLBCMSBIIB  Or   PtolKTLACBTTLVNB :    C^llg  Or 

CgH..C=CH,  which  is  the  only  member  of  the  series  at  present 

known,  may  be  produced  by  heating  cinnamene  dibromide,  or 
the  bromociunameue  prepared  from  it,  with  an  alcoholic  solution 
of  potassic  hydrate  to  120°  (248°  F.)  {G\»scT,  Ann.  Chem,  Pharm., 
cli?.  137)  (see  footnote,  p.  361;) : 

C^H,.HCz:CHBr  +  KHO  =  C,H,.C=CH  +  KBr  +  OH,; 

or  by  passing  it  o?er  lime  at  a  htm  fed  heat  (Badsisnwski,  Dtut, 
chem.  Ge».  Ber.,  vii.  140).    The  isoonerie  bromodnnamene  does 

not  ftirnish  acetenylbenzene  when  similarly  treated,  but  by  dis- 
solving it  in  ether,  adding  sodium,  and  pa^s^iug  a  current  of 


brazylic  chlonde  and  propylic  bromide  without  the  addiUon  of  etber ;  it  bolls  at 
iSo**  1356°  F.)  '.iUdzi^zew8ki).  /i-liuulbciizene,  according  to  ihs  SSBM 
oiwenror,  boihi  at  ijo""— 172"  (338°— 34i''6  k\)  (com^e  1303). 
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carbonio  anhydride  into  tlie  solution,  the  sodtc  salt  of  phenyl- 
propiolic  acid  is  obtained,  and  on  heating  this  acid  with  water  to 
120^  (2.48°  F.)  it  splits  up  into  acetenylbensene  and  carbonic 
anhydride  (Glaser).  It  appears  probable  that  under  the  oonjoint 
influence  of  the  sodium  and  carbonic  anhydride  the  bromo- 
cimiaim  ne  is  resolved  into  hvdrobromic  acid  and  aoetenylbenxene, 
the  latter  at  oucc  uudergoiug  couversion  into  sodic  propiolate; 
thus : 

»C,H,.CBr— CH,  +  aNa  =  aCgH,.C=CH  -f  aNaBr  +  H, 

BNBMMlnoHMB*,  Ao«tenjrlb«as«fie. 

2C^,.C=CH  +  aNa  =  aC,H,.C=CNa  +  H, 

Aci(«i|llNBiMt.  Sodtam  MttaqrlbMiMM. 

CjHj.C—CNa  +  CO,  =  C,H5.C=C.C00N«. 

SodhuB  aectenylbenieiie.  Sodle  propiolatiik 

CeHj.C  =  C.COOH  =  C,H..C  =  CII  +  CO,. 

PnploUo  Mid.  Acet«njribenzcn«. 

Acctenylbcnzene  is  most  readily  obtained  from  propiolic  acid  by 
distilling  its  baric  salt  mixed  with  sand. 

According  to  friedel  [Cmpt,  Bend,,  Izrii.  1199),  phenyl- 
acetylene  is  also  obtained  when  the  phenyldichlorelhane  formed 
by  the  action  of  phosphoric  pentachloride  on  methytphenylketone 
is  heated  with  an  alcoholic  solution  of  potassic  hydrate*  to  iTcP 
(248*  F.) : 

C4H5.CO.CH3  +  PClj  =  CgHj.CClj.CHj  +  POCl,. 

MeihjlpheDjlketone.  Phenyldichlorethaae. 

C,H,.CCVCH,  -h  aKHO  =  C,IL.C=CH  +  aKCl  +  aOH^ 

PheDjldicUorayiaMi  AMtenjlbauenai 

Acetenylbensene  is  a  oolonriess  liquid  of  peculiar  arotnatie 
odour  and  high  refiractiye  power,  which  boils  at  140^  (284  F.). 
It  not  only  bears  the  same  relation  in  composition  to  ace^lene 
that  cinnamene  bears  to  ethylene,  but  like  the  former  ponscMca 
the  property  of  yielding  precipitates  with  certain  metallic  solu- 
tions. Thus,  with  an  ammoniacal  solution  of  cuprous  chloride^ 
it  gives  a  ydlow  precipitate  of  the  composition  (CgH^j^Cu^^  and 


*  AccorJing  to  Glaser,  neither  chlorocinnamene,  C^H^.CCi::  ^'!!^,  nor  the 
oorrespondiug  bromociQoainene  is  decomposed  by  an  alcoholic  solution  of  putossio 
hydisto  even  at  200**  (392**  F.):  although  thej  are  partially  reabified,  no 
potaaaio  diloride  or  bromide  is  separated.  Thia  mult,  therefore,  appeacs  aone- 
what  remarkable,  Binoe  the  chlorocinnamene  which  is  the  first  pi  or! not  of  the 
action  of  potassic  hydrate  on  phenyldichlorethrtue,  dnuhtlcss  has  the  formula 
^-'jH^.CClZlCH,  (compare  p.  369  and  12ngler,  DetU.  cAem.  Ue*.  Bcr,^  viii.  397). 
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with  the  correspond iag  silver  solution  a  light  gray  compound 
(CgH.  Ag),.Agr-,0.  The  sodium  derivative,  C^^ILNa,  is  formed  on 
adtling  sodium  to  an  ethereal  solution  of  the  hydrocarbon,  liydro- 
geii  being  simultaneously  evolved  :  it  is  a  white  powder  which 
absorbs  oxygen  rapidly  when  exposed  to  the  air,  becoming  red-hot, 
and  leaving  a  residue  of  carbon  and  sodic  carbonate  ;  it  readily 
absorbs  carbonic  anhydride,  forming  sodic  propiolate,  ^^^len 
the  cuprous  derivative  of  phcnylacetylene  is  agitated  with  an 
alcoholic  solution  of  ammoma  in.  preaeiioe  of  air^  it  is  converted 
into  diphenffldiacetylene : 

CJI,.C=C)  C,Hj.C=C 

S  Co,  +  O  =  I  +  CujO. 

C,H,.C-C )  C.H,.C=C 


§  Vlll.  Hydrocarbons  of  the  C,jH,n_ij  or  Naphthalene  Series. 

Thh  aeries  indudes  foYir  hydrocarbons,  but  only  one  of  them 
ii  of  importance : 

Naphthalene   ....  C^q^s  ^^^^ 

Hethylnaphthalene   .    .  C^qU^^CU^  2^2^ 

Ethylnaphthalene .    .    .  C^qH^.CjH^  250^  - 

Anthracene  hezahjdride  .  ^u^u  ^^9^ 

(1364)  Naphthalene:  C^^^'=i2%. — This  hydrocarbon  is  a 
constituent  of  the  principal  varieties  of  tar,  but  is  most  abundant  in 
coal  tar,  particularly  in  that  obtained  from  the  London  gasworks, 
where  it  frequently  causes  consideral)lc  inconvenience  by  partially 
stopping  up  the  large  cast-iron  pipes  used  to  convey  the  gas  to 
different  districts.  It  is  thus  frequently  obtained  in  large  colour- 
less plates,  which  are  nearly  pure,  or  it  may  be  obtained  from 
the  portion  of  the  distillate  from  coal  tar  boiling  at  about  2co° 
which  becomes  semi-solid  on  cooling,  by  pressing  out  the  liquid 
portion  and  submitting  the  crystals  to  sublimation  or  crystalliza- 
tion from  alcohol.  In  order  to  obtain  it  quite  pure,  however,  it 
is  neeessnry  to  heat  it  strongly  with  a  small  quantity  of  sulphuric 
acid,  wash  thoroughly,  and  then  sublime  it.  Naphthalene  is  also 
produced  by  the  decomposition  at  a  red  heat  of  benzene,  toluene, 
cymene,  and  many  other  organic  substances ;  and  also  when  a 
mixture  of  ethylene  with  the  vapour  of  einnaniene,  anthracene,  or 
chrysene  is  passed  tlirough  a  icd-liot  tube.    ^•Fhenyibutylcne  di* 


Digitized  by  CjOOgle 


846 


NIPHTHALENB. 


bromide  when  passed  over  lime  heated  to  low  redness  is  almost 
entirely  converted  into  naphthalene  (Aronheim)  in  the  manneir 
represented  by  the  equatbn : 

Ci^HjjBr,  +  CaO  =  Cy^H^  +  CaBr,  +  H,  +  OH^ 

According  to  Badziszewski^  a-pbeuylbutylene  dibromide  (1361) 
also  famishes  naphthalene  when  similarly  treated. 

Naphthalene  crystallizes  in  brilliant  colonrleaa  rhombic  plates, 
which  feel  unctuons  to  the  touch,  and  hare  a  pearly  lustre.  Its 

density  is  I'i5i7  at  15°  (59°  F.) :  it  melts  at  79°  (i74°*2  F.)  and 
boils  at  218°  (424°'4  F.).  The  odour  of  this  hydrocarbon  is 
peculiar,  aud  its  taste  biting  and  somewliat  aromatic.  It 
gradually  sublimes  at  the  ordinary  temperature,  and  rapidly 
passes  over  with  the  vapour  of  water.  Naphthalene  burns  with  a 
white  smoky  liame,  although  it  is  not  readily  kindled.  It  is 
insoluble  in  water,  but  is  easily  soluble  in  alcohol,  ether, 
Ixjuzene,  oil  of  turpentine,  glaeial  acetic  acid,  and  the  fixed  oils. 
Milted  naphthalene  absorbs  air  copiously,  and  gives  it  off  again 
on  solidifieatiou.  It  dissolves  iodine,  sulphur,  phosphorus,  and 
tiie  sulphides  of  arsenic,  antimony,  and  tin,  as  well  lus  mercuric 
iodide,  indigo,  oxalie,  succinic,  and  benzoic  acids.  Xaj)bthalene 
combines  witli  trinitropheuol  or  picric  acid,  formini!;  tlie  com- 
pound Cj„H^-|-Cyij(N02)3.0H.  This  compound  may  readily  be 
prepared  by  mixing  hot  alcoholic  solutions  of  trinitropheuol  and 
the  hydrocarbon,  and  may  be  recrystallized  from  alcohol  or  from 
benzene,  but  is  slowly  decomposed  by  boiling  water,  and  rapidly 
by  alkaline  solutions ;  it  crystallizes  in  stellate  groups  of  yellow 
needles,  which  melt  at  149°  (3O0°'2  F.).  Naphthalene  is  the 
only  solid  hydrocarbon  whose  cold  saturated  alcoholic  solution  is 
precipitated  by  trinitropheuol. 

By  oxidation  with  potassic  permanganate,  naphthalene  is  con- 
Tcrted  into  phthalic  acid^  C^H^  (COOH)^;  but  by  the  action  of 
chromic  acid  on  naphthalene  dissolved  in  gladal  acetic  acid, 
naphthaqmnone,  Oyfifi^  is  produced  (Groves,  /onm.  Cftem.  Soc*, 
xzvi.  209}. 

(13^5)  Cbfif/tdt^tofi  qf  Naphthatme, — ^In  its  general  chemical 
behaviour  naphthalene  very  closely  resembles  benzene,  and  it 
will  he  seen  on  reference  to  the  following  figures  that  the 
method  usually  adopted  for  representing  these  hydrocarbons 
graphically,  indicates  a  close  relationship  between  thi»n : 
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H-C  C-H         H-C  C  C-U 


I  I  I 

H  H  H 


Tliis  symbol  for  naphthalene  was  suf^gested  by  Erlcnnicvor  in 
1 868  {Ann.  Chem.  Phunn.,  cxxxvii.  346),  but  tlio  proof  that  naph- 
thalcue  may  really  be  regarded  as  composed  of  two  benzene-nuclei 
having  two  atoms  of  earbon  in  eommon,  was  first  given  by 
Grj«be  in  1869  [ibid,  cxlix.  20).  In  the  conversion  of  naphtha- 
lene into  phthalie  acid,  only  one  of  the  benzene  nuclei  undergoes 
oxidation,  but  Graebe  showed  that  cither  may  be  oxidized  and 
phthalie  acid  obtained.  Thus  he  found  that  dichlorouaphtha- 
quinone  furnishes  phthalie  acid  ou  oxidation,  which  is  a  proof  that 
the  two  chlorine  atoms  and  the  two  oxygen  atoms  are  contained 
in  the  same  nucleus,  the  nudeus  containuig  them  being  destroyed 
by  oxidation : 

He         C     O    ca  HC  CCOOH 

I     I     j   +aOH,+  aO,  =  |  | 
C     O    CCl  HC  CCOOH 

\/\;/  \/ 

H  H 


J 


+  2CO.  +  2HCL 


VThen,  howeTer,  dicUoronaphthaquinone  is  treated  with  phos- 
phoric pentachbride,  peniaekkronaphihakne  is  produced;  the 
two  oxygen  atoms  being  displaced  by  two  chlorine  atoms,  whilst 
an  atom  of  hydrogen  in  the  second  nucleus  is  also  displaced  by 
chlorine.  On  oxidizing  this  compound,  tetrarhlurophthalic  acid 
is  obtained,  the  nucleus  which  had  undergone  oxidation  in  the 
reaction  previously  mentioned,  remaining  intact  in  the  second 
ca&e,  as  shown  in  the  accompanying  graphic  formulse  i* 


*  It  it  perhaps  scsively  neoeiwaiy  to  point  oot  that  in  representing  naphtba- 
JsBS  giapbiosUy  we  are  entire^  dependant  npon  the  kind  of  symbol  we  aeaign  to 
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C!  d  CI 

He      c      oa  Hoocc  ca 

I         II  I    +0H,+40,  =         I  I    +1OO, +  Ha  +  OH^ 

HO      c      ca  HOOCC  ca 

W  \/ 

Ha  a 

FiaUchloronaphthmlent.  Tctrachlorophtbalic  add. 

(1366)  Immeric  tubtHMum  derhaUvei  of  Naphthalene. 
Although  bensene  cannot  yield  isomeric  mono-snbstitation  deri- 
▼ativea,  it  will  be  evident  on  reference  to  the  following  figure 
that  naphthalene  can  fiumiah  two  iaomeric  mono-aabstitation  de- 
rivatives : 

H.  H. 

H,C        C  CH, 

I         11  I 
H^G        C  CH^ 

H.  H. 

It  will  be  seen  that  each  of  the  four  carbon  atoms  to  which  the 
four  hydrogen  atoms  marked  a  are  attached,  is  similarly  re- 
lated to  the  other  nine  carbon  atoms,  and  the  same  is  the  case 
with  the  four  marked  /3  ;  the  relation  which  the  fonr  marked  a 
hear  to  the  other  carbon  atoms  is  different,  however,  from  that 
of  the  four  marked  /3.  It  may  be  supposed,  therefore,  that 
isomeric  derivatives  may  be  formed,  according  as  an  atom  of 
hydrogen  attached  to  a  carbon  atom  marked  a,  or  to  one  marked 
jS,  is  displaced.  These  two  classes  of  isomeric  mono-substitu- 
tion derivatives  of  naphthalene  are,  for  the  sake  of  convenience, 
distmguished  as  a  and  /3  derivatives. 

The  action  of  the  halogens  and  of  nitric  add  upon  napibtlui- 
lene  appears  to  give  rise  to  the  formation  of  but  a  single  mono- 
derivative,  whilst  bj  the  action  of  sulphuric  acid,  a  mixture  of 
two  isomeric  nt^hakne-^  and  -jS-m^Aontc  €ieid9^  CjoH^.SO^H, 
is  produced,   

bemene,  snd  that  the  olQedlons  urged'  sgsiMl  Eeknl^s  benzene  symbol  apply 
eqnsilf  to  Brlenmsyer's  naphthaleni-  symbd  1  as  » the  eaae  of  hensni^  honetsr, 
no  more  sppiopriate  ^mbui  h««  aa  >et  beaa  aoggeMted. 
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Although  our  knowledge  of  the  naphthalene  derivatives  is  as 
yet  extremely  imperfect,  very  few  attempts  having  been  made  to 
establish  the  nature  of  the  relationship  which  exists  between 
them,  a  number  of  data  are  at  our  disposal  which  enable  m  to 
infer  with  much  probability  the  constitution  of  the  mono-,  and 
€Ten  of  some  of  the  higher  derivatives  of  naphthalene.  Thus  by 
the  action  of  nitric  acid,  naphthalene  is  converted  into  nUronaph' 
thaime,  CjoH^-NO^,  which  furnishes  mmdoM^hthalene  or  naph- 
tkjfiambie,  Cyflj,}fll^  on  reduction ;  by  converting  the  latter 
into  acetamidanaphihalene  or  aeenaphihoHde,  Cyfl^'NH{CJIifl), 
and  submitting  this  to  the  action  of  nitric  acid,  a  mixture  of  iso- 
meric mono-nitro-derivatiTes  is  obtained.  The  main  product  is 
converted,  by  boiling  for  a  short  time  with  an  alcoholic  solution 
of  potassic  hydrate,  into  an  amiihHiiroM^hthiUene,C^QU^JSOy'NH^ 
which  melts  at  191^  F.),  whilst  the  accessory  product 

yields  an  isomeric  substance  which  melts  at  about  159^  ($1^*2  F.). 
By  displacing  the  NH^  group  by  hydrogen  in  the  amidonitro- 
naphthalene  melting  at  191°,  a  nitronaphthalene  is  obtained  iden- 
tical with  that  directly  prepared  from  naphthalene ;  it  is  thus 
proved  that,  whatever  the  position  of  the  NO,  group  in  nitro- 
naphthalene and  conseqaently  of  the  NH^  group  in  amidonaph- 
thalene,  the  NO^  group  in  amidonitronaphthalene  has  a  similar 
position  relatively  to  the  two  cai'bou  atoms  common  to  the  two 
beiizciic  uuclci. 

By  reduciii*^  the  aniidonitruiiaj)litlialL'ue  melting  at  191°,  a 
diamidonaphtlialeue  is  ol)taiHcd  which  furnishes  almost  the  theo- 
retical amount  of  naphthaquiuoue  ou  oxidation,  and  this  naph- 
thaquiuoue  is  found  to  yield  phthalic  acid  on  further  oxidation 
with  nitric  acid  (Liebermann,  Dtut.  chem.  Ges.  Btr.,  vi.  945 ;  vii. 
240  ;  viii.  689  ;  ix.  333).  These  observations  show  that  the  two  oxv- 
gen  atoms  in  naphthaquinone,  and  consequently  the  Nil,,  group 
in  diamidonuphthalcne,  and  the  Nll^  aud  NO^  gronps  in  the  ami- 
don  itro  naphthalene  melting  at  191°,  are  in  the  9wne  benzene 
nucleus. 

It  is  known  that  in  ordinary  quinonc,  C^II^O.,,  the  oxygen 
atoms  arc  relatively  in  the  para  or  i  :  4  position,  and  although  it 
is  not  absolutely  proved,  there  is  the  very  greatest  probability 
that  they  are  similarly  ))laced  in  naphthaquinone  (see  Quinones) ; 
if,  however,  it  be  admitted  that  such  is  the  case,  these  results 
show  that,  in  amidonaphthalene,  the  NH^  group  displaces  a 
hydrogen  atom  attached  to  one  of  the  carbon  atoms  marked  a 
in  the  above  figure,  because  it  is  only  when  it  is  in  that  position 
'  that  a  second  radicle  can  be  introduced  so  as  to  occupy  the 


r 
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para-position  relatively  to  it.  This  will  doubtless  be  better 
understood  oa  reference  to  the  following  tigure^:^ 


/\/\      /\/\  /y^ 

\y\J  U\/ 


The  constitatioiL  of  many  other  mono-derhratiTes  of  naph- 
thalene maj  be  traced  in  a  similar  manner.  Thus  hj  digealliig 
the  amidonitronaphthalene  melting  at  191^  above  mentioned  with 
sodic  hydrate  solution^  the  amido-group  is  displaced  by  OH  and 
a  momomiranaphtol,  C^oHq-NO^-OH,  is  obtained ;  on  nitration, 
this  latter  is  oonverted  into  a  dinitronaphtol  identical  with  that 
formed  by  nitratiug  the  so-called  a-naphtol,  C^qH^.OH,  It  there- 
fore follows  that  a-naphtol  is  really  a  member  dT  the  a  series  of 
mono-derivatives  of  naphthalene ;  and  since  it  is  obtained  by  dis- 
placing the  SO3H  oup  in  the  so-called  a-naphthalenesnlphonic 
acid  bv  Oil,  it  also  follows  that  this  sulpho-acid  is  an  a  derivative. 
The  isonu  ric  so-called  /3-sulphonic  acid,  and  the  naphtol  and 
other  coiiipouiids  formed  from  it  by  simply  displacing  the  SO,H 
group  arc  consequently  members  of  the  /3  series  of  isomeric 
mono-derivatives  of  naphthalene.  By  displacing  the  SO.H 
group  in  naphthalene-a-sulphonic  acid  by  chlorine,  by  the  action 
of  phosphoric  pentachloride,  a  chloronaphthalene  idcnticd  with 
that  obtained  by  chlorinating  naphthalene  is  produced  :  ordinary 
chloronaphthalene  is  therefore  an  a-derivative  of  uaphthaleue.f 


•  We  may  eimjemmlSty  xepreeent  saphtbaleDe  by  two  heiagou  joined 
together  end  havbg,  tbecefiire,  one  eide  in  eommon,  jnetse  weicpreeeDibenacBe 

by  a  singfle  hexagon, 

f  Thew  conclusions  derive  very  considerable  support  from  the  circumstance 
that  if  tbey  are  correct,  the  behaviour  of  Daphtbalene  is  precisely  analogous  to 
that  of  benzene  under  eimiler  eireometenees.  Thus  it  has  been  pointed  oaA 
that  by  the  aetion  of  various  rea^^nts  on  a  large  number  of  roono-sabeutution 
derivativee  of  benaene,  ortho  and  para  di-derivatives  are  produced  to  the  almost 
complete  exclusion  of  jveta  derivatives.  It  will  be  neen  on  reference  to  the 
figure  on  p.  348  that  each  of  the  hydrogen  atoms  iu  naphthalene  maiked  ^  is  in 
the  meta  position  relatively  to  one  of  the  two  oentral  carbon  atoms  common  to  the 
two  nnelo*  The  formation  of  a-derivatives  from  naphtiialene  by  the  aetion  of 
the  hali^ens,  nitric  acid  and  anlphnrio  acid  therefore  is  in  harmony  with  the 
IfanltB  obaerved  in  the  benzene  peries,  since  each  of  the  hydroixfn  atoms  markiKi 
fi  is  in  the  ortho  position  relatively  to  one  or  the  other  of  the  two  central  carbon 
atoms.  The  behaviour  of  the  mono-derivatives  of  naphthalene  appears  more- 
over dosely  to  leeemble  that  of  the  coneaponding  derivativea  of  bennne.  Thos 


Digitized  by  Google 


CHL0B0XAPBTEALENB8. 


351 


(1367)  Acfion  of  Chf'irine  on  Naphthalene. — Naphthalene  is  far  rriore 
readily  acted  upon  bv  chlorine  and  bromine  than  i«i  benzene;  in  the  &»t  inKtan(« 
•dditire  oompouDdn  are  produced,  which  by  die  lots  of  haloid  acid  are  eonviarted 
mto  haloUi  f  ttbstitataon  derivativea  of  naphthalene;  in  fiwt,  it  appeare  that  in  att 
cases  the  formatioD  of  the  latter  ia  preceded  by  that  of  the  former,  and  that 
haloid  stibttitution  derivatives  cannot  be  formed  by  the  direct  displacement  of 
hydrogen  bv  the  halogen.  Laurent  was  the  first  to  study  the  products  of  the 
action  of  cUlurine  on  naphthalene ;  and  although  his  experimenUi  have  recently 
been  anhmitted  to  carefiil.reTieion  by  Fanst  and  Saame  {Ann,  Chmn.  Pkarm^ 
clx.  65),  our  knowledge  of  the  chloronaphthalenes  is  still  mottt  imperfect 

Naphthalene  chloridet. — Chlorine  unites  directly  with  naphthalene  forming 
two  compounds:  naphthalene  dichlorhh,  H^Cl,.  and  nuphthaltne  tetra- 
chloridey  C'^H^Cl^.  The  first  of  these  is  an  oily  liquid  of  a  pale  yellow  colour 
obtamed  when  chlorine  ie  passed  over  naphthalene  until  it  becomes  licj^uid.  It 
may  be  regarded  as  a  dichloro-deriTattve  of  a  hydrocarbon,  C^^H^,,  id  the 
aoataoylbenzene  or  CqH.^_,o  series.  As  yet  it  has  not  been  obtained  in  a  pnre 
state.  Naphthalene  tetrachloriih  is  formed  when  chlorine  is  passed  into  pure 
fused  naphtlialone  until  the  mass  becomes  semi-solid  on  cooling.  Whon  the  pro- 
duct is  tn  itcd  with  petroleum  naphtha  a  crystalline  residue  is  leil  which  may  be 
readily  purified  by  crystallisaUon  from  chloroform.  It  ie  thoa  obtained  in  large 
rhombic  crystals  which  melt  at  182*  (359^*6  F.)  and  axe  but  sparingly  aoluble 
in  alcohol  or  ether  (Faust  and  Saame).  An  isomeric  modification  appears  a)ao 
to  be  formed,  which  is  very  soluble  in  alcohol  and  still  more  so  in  ether. 

3fonorh/oruuajjhihale/ie :  Cj^HjCl. — The  a-derivative,  which  is  Ibrmed  by 
heating  naphthalene  dichloride,  C^U,Cl,,  with  an  alooholic  solution  of  potassie 
hydrate,  ia  a  oolonrlesa  oil  of  high  r^iracting  power,  boiling  at  about  353^ 
(485°"6  F.),  of  the  specific  gravity  of  1*5025 — 1*5028.  It  possesses  an  odour 
doselj  zeaembltng  that  of  naphthalene,  and  ia  miacible  with  ether  in  all  ptopor- 


by  the  action  of  nitrie  acid  on  aoetanilide,  C,H^J^H(C,H,0),  a  nixtnre  of 
jNircmilroaoetanilide,  whieh  ia  the  <^ief  prodnet,  and  or^Aom^raaeetanilide  ia 
obtained.  Similarly,  when  acenaphthalide  is  treated  with  nitric  acid,  there  ie 
reaiwn  to  K-lieve,  as  above  pointed  out,  that  the  nitroacenaphthalide  which  is  the 
main  product  is  furnied  by  the  displacement  of  a  hydrogen  atom  in  the  para- 
position  relatively  to  the  NH.CjH,0  group,  and  there  is  little  doubt  that  the 
NO,  group  in  the  aooeiaoiy  prodoot  ia  in  the  ortAo-potition  relativdy  to  the 
KH.G,H,OgxoDp: 

NH.C.H.0 


IIH.C,H,0  NH.C,H,0 


Paranitroacet- 


OrthonitrooMi* 


Ortbon  itro-a-ace» 
BSphthslkUi 


Also  when  aoetanllide  is  8ubmitt«d  to  the  action  of  bromine  it  ia  converted  into 

prtraJromaoetanilide,  and  from  Rother's  experiments  {Detif.  chem.  Get.  Ber.,\v. 
850)  it  appears  that  when  acena[>hthalide  is  similarly  treated,  the  bromine  takes 
up  the  para-  position  relatively  to  the  NH.C.JI,0  group,  since  by  displacing  the 
latter  in  the  product  by  hydrogen,  ordinary  or  a^bromouuphthaleue  is  produced 
(aee  alw  Ni^htol). 
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laons.   Ob  niMioii  H  k  eonTerted  into  a  dinitro-a-cbIoiODapLt1i«laie  whidi 

inelU  at  about  105°  (221*  F.)  (Faust  and  Saame). 

By  the  action  of  chlorine  on  fused  nitronaplitliali-ne,  the  additive  compound 
C^jH^.NUjj.Clj  is  obtained  (Atterberg,  Deut.  chem.  Ges.  Her.,  ix.  316)  ;  thih  is 
decomposed  when  heated,  furnishing  a  mixture  of  chloriuuted  naphthalentaft 
wliiob  appear  to  be  JfOBMiio  with  thoae  fimned  from  napbtfaaleiifc  ^le  moMN 
fiUoiQiia^^tbileiie  prodiMed  boila  at  alioiit  355*  (491^  F.)  and  haa  the  specific 
gravity  i'2078;  on  nitration  it  yields  a  dinitro-derivative  which  melt«  at  180** 
(356**  F.).  Thia  modification  ia  doubtless  the  3-monochloro-dorivatire  of 
naphthalene.  On  distilling  uitronaphthalene  with  pliiispliorif  jxiitachloride  a 
chloronaphthalene  is  produced  which  also  is  probably  the  pj- modification  (De 
Koninck  and  Marquart»  Und.  v.  11.  /l-brmnonaphthalene). 

Di^Uwronaphthalmet :  C^^H^Cl^ — Laurent  described  seven  modificaUooaof 
this  compound,  but  subsequent  investigators  have  only  succeeded  in  obtaining  two 
directly  from  naphthalene.  The  dichloronaplithalene  produced  by  the  ai-tion  of  a 
boiling  alcoholic  solution  of  potassir  hydrate  on  pure  naphthalene  tetrachluiide 
fennsaoiTBtalliDO  mai«.  fusing  at  36"*  (96''-8  F.)  and  boiltog  at  282"  (539'  6  F.). 
An  iaomeiie  bo^j  which  erystaliizes  in  oolonrleaa  priaina  ndtiitg  at  68* 
(i54**'4  F.)>bixt  alio  hoik  at  282**  (539^6  F.).  isobtabedbjfractioning  ^e  chloro- 
naphthalenoB  remaining  in  solution  in  the  petroleum  used  to  purify  the  naphtbalenie 
tetrachluiide  as  above  described.  The  portion  boiling  at  280" — 285**  (536** — 
545  ^  P^i'tiy  solidifies  on  standing,  and  the  crystals  are  purified  by  pressure  and 
crjnitaUization  from  a  mixture  of  other  and  alcohol.  A  thixd  dkhloronaphthalen^ 
which  melts  at  107"  (224*'-6  F.),was  obtained  by  Atterbeig  from nitrODaphtbaleue. 

Like  naphthalene  itself,  the  chloro-  and  dichloronaplithalenes  are  capable  of 
uniting  directly  with  four  atoms  of  chlorine  to  form  crystalline  compounds  which 
are  bat  slightly  soluble  in  alcohol,  more  readily  in  ether.  Monockioronajfk- 
Uudmrn  UtraeUtmde:  C.,H,C1..  melts  at  xao"*  (266°  F.),  and  whenboikd  with 
an  akohoHc  solution  of  potaisie  hydrate,  yidds  trickloroMphtkaleM^  C„H,C1^ 
This  cr}'stallizes  from  ether-alcohol  in  brilliant  prisms,  meltin<j:  at  Si 
(i77°-H  F.)  An  isomeric  triehloronapbthalene^  melting  at  103**  (2i7**'4  f.)  is 
obtaiiiL'd  Irom  nilronaphthiileno. 

Two  modlficatious  of  teirachloronaphihalene :  C^^U^Cl^,  are  known,  one  of 
whidi  is  obtained  by  boiling  tricbloronaphthalene  tetrachloride,  C„H,C1^  with 
an  alooholic  iralution  of  potassic  hydrate.  It  forms  soft  colourless  needles, 
melting  at  130°  (266°  F  ).  According  to  Atterberg,  an  isomeric  body,  melting 
at  194"  (38i°*2  f  .)*  k  among  the  products  of  the  action  of  chlorine  on  niuro* 
naphthalene. 

Pmiiatlihmmii^tM9n9 :  Cj,H,C1,,  has  not  been  prepared  directly  from 
naphthalna,  but  k  prodnosd  on  heating  dichloronaphthaqniwme  with  phosphorio 
pentachloride  in  a  sealed  tabs  at  20of  (392^  F.) : 

c„np,o,  +  2PCI.  «r  c,,H,ci,  +  2POCI,  +  Ha 

MehloraiispbUMqQiiioiM^  VentaddoromplithttlanSk 

It  fonn-s  colourless  needles,  which  are  easily  soluble  iu  ether,  and  melt  at  loS' 
(a26'-4  F.) 

Perchloronaphthalene :  0,/'!^,,  k  obtained,  according  to  Berthelot  and 
•fangfleisch  {Ann.  Chim.  P/ii/s.  [4],  xv.  332),  by  treating  naphthalene  with 
excess  of  chlorine  in  the  presence  of  antinionic  perehloride.  It  crj-stjillizes  from 
carbonic  bisulphide  in  brilliant  rhombic  prisms,  which  melt  at  135°  (275"  F.), 
and  boil  at  403°  (757°'4  F.)*  According  to  Faust  and  Ssame,  the  end  product 
of  the  action  of  chlorine  on  the  heated  ehloronsphthalenes  is  a  compound  of  the 
formuk  C^H^Cl,,  which  they  term  (nueachlorodinaphthalene.  By  repeated 
reeiystalUsation  from  alcohol  it  may  be  obtained  in  soft  whito  needles,  meting  st 
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a^>nnt  1 57*  (314'*  6  F.).  This  body  is  jnobablj  a  kind  of  double  salt,  as  ife 
were,  formed  by  the  union  of  iq-ial  numbers  of  niolpcuIt\s  of  tftr.i-  and  j>ent.i- 
chloronaphthalene.  Several  similar  coaipound«  were  obtained  by  Faust  and 
SaauM,  m.:  tlu  oompound  C^H^Cl,,  and  two  iwiiiefio  tetraelilorotrtbromodi* 
n^thalenei,  C^H^Cl^Br,,  thene  last  beiog  the  piodacta  of  the  aetion  of  bromine 
on  the  two  isomeric  dichlorooaphthaleneft. 

(1368)  IjKOMONAPiiTnAT  rNr>«. —  Additive  rnmponndji  with  bromine,  corro- 
sponding  to  naphthalene  dichloride,  <-',bIIjCI.^,  and  totrachlorido,  Cj^H^Cl^,  have 
BOt  been  isolated ;  tliey  appear  to  be  so  unntable  that  they  are  at  uuce  resolved 
into  bromo-ettbstitation  deriratiTea  and  hydrobromie  acid.  The  rompound 
C,^H,Br^  however,  is  always  tlie  end  product  ot  the  aetion  c£  an  ezeeM  of 
bromine  on  naphthalene  at  the  ordinary  atrao^^pheric  temperature.  It  crystal- 
1iz(*s  in  larpe  rhotnbic  prisms,  and  on  heating  ia  reeolved  into  tetrabromooaph- 
thalene  and  bydrubrotuic  acid. 

a~JW<moiromoHapktkalene  s  Cj^H,6r.— The  action  ofbramine  on  naphthalene 
ia  extremely  violent,  and  in  preparing  the  mono-bromo-derivatiTe  it  ie  therefore 
advisable  to  dissolve  the  naphthalene  in  carbonic  biitalphide  and  then  gradaally 
to  add  the  calculated  amount  of  bromine.  It  is  a  colourless  liquid  boiling  at 
285"  (5  45°  F.).  of  the  sp.  gr.  I'555  ('ilaser,  Ann  C/icm.  Pliann.,  cxxxv.  40;. 

fi-Uroinottajj/it^'i/oii  is  obliiiuud  by  Grietts's  reaction  ironi  ^•naphtiiylamine ; 
it  erysUlltZM  in  white  plattts,  which  melt  at  68'*  ( 1 54''-4  F.).  ^JUoronaphtkt^- 
leme,  which  ia  also  cryritallme,  and  melts  at  61°  (x4i"*8  F  ).  is  obtained  in  a 
similar  manner  (Palm,  Dtut.  rhem.  Gix.  Jtir.,  ix.  499).  The  sul  -tanoe  oh" 
tained  by  Atterl>erg  was,  therefore,  probably  impure  /9-chloronaphthalene. 

By  gradually  mixing  bromine  with  naphthalene  in  the  proiKJition  indicated 
by  the  equation :  C^^H,  +  2  Br,  -  C,,H,Br,  -K  aHBr,  and  crj-stallizing  t  he  product 
from  alcohol,  a  dibromonapktkalene  ia  obtained  in  long  eilkj  needlea,  which 
melt  at  81°  (lyy'  S  F.) ;  a  small  quantity  of  an  isomeride  is  also  formed,  which 
melts  at  76*  (i68°"8  F.)  ((iUuser).  Two  other  isomeric  modifications,  melting 
resjKvtively  .it  126"(25S''-8  F.)  and  77°  (l7o°-6  F  ),  are  ubuiued  by  the 
action  of  bromine  on  napbtluilene-a'sulpltouic  acid  (Darmstadter  and  WicheU 
luuD,  Jnm  €hem»  Pkarm.^  cHi.  304). 

IVihromanapkikalmie,  Cj^H^Br,,  crystallizes  in  needlea  melting  at  75* 
{167"  F.)  and  tctrabromouap/ifhalene,  C,j^II^Br^,  fornix  st«>llateglonpa of  idender 
needles.    A  I'tniahriniunhn^hthalcnc.  C,  II  Hr  .  is  also  known. 

Besides  these  chlorine  and  bromine  derivatives,  many  compunnds  are 
known,  containing  both  bromine  and  chlorine,  but  our  knowledge  of  the  methods 
of  preparing  them  in  a  pure  atate,  and  of  theur  properties,  it  very  iroperrect 

(1369)  3fo/iWo;i(ipAMa2eiie,  Cj^H^I,  is  a  colourless  !i<}uid  formed  by  the 
action  ofexc'ss  of  ii/diise  nn  momirie  naphtliarule,  *^"  ^,l'i,Hg,  or  ((\JL),Hg. 

(1370)  NiTKON.iVHTHALENES. — Xaphtliah-ne  re;i(l  ly  fiiriiislies  nitro-dt-riva- 
tivee.  Ti»eae  compounds  have  recently  been  very  carefully  studied  by  l)e  Aguiar 
(JkntL  ektm,  Oei,  Bcr.,  v.  370,  897). 

O'MmumiroMplUkaUM :  C,,H,(KO,),  ia  farmed  by  the  aetion  of  nHrio 
acid  on  naphthalene  in  the  cold,  but  may  be  prepared  more  convenimtly  by  dis- 
nrdvinir  naphtli:  l<-iie  in  irlaeial  acetic  acid,  then  adding  ordinary  concentrated 
iiilric  acid  and  boiling  iur  halt  an  luuir  (Aguiar).  The  crystaLs  which  separate 
on  cooling,  may  be  rendered  quite  pure  by  recrystallization  from  alcohol.  It 
Ibnna  pale  yellow  needlea  whi«^  melt  at  61°  (169**' 2  F.),  and  are  eahily  soIuUe 
in  carbonic  bisulphide. 

On  boiling  naphthalene  with  ftnniiig  nitric  a'  ld  for  some  hours,  and  allow  ing 
the  solution  to  cool,  a  crystalline  nia<s  is  olitained,  cnii«;i.iting  of  a  mixture  of 
about  equal  quantities  of  a-  and  /:j-dinitronapUibaicue.    This,  when  treated  sue- 
8  A  A 
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cewiTcilj  wttb  tiMll  qunitilfef  of  glaeul  aoetio  aeid,  lM?et  a-dinitrtmaplUktltm*, 
Cj,H,(NQ|),,  which,  after  crystallization  fioin  a  fresh  quuititj  of  the  acid,  forms 
hexagonal  tioi'dlen,  rnt'lting  at  216°  (420°'8  F.)  The  more  soluble  ^-dinilro- 
naphthahnc,  C,jH^(NO.,)^,  is  obtained  from  llie  orij,'lnaI  acetic  acid  solution 
bj  fractional  crystallisation,  in  large  rhonibuidal  tables,  which  melt  at 
170^  (338°  F.).  By  converting  MenapbthaUde  ioto  #BitnMe«Bi|ifaili^ 
lide,  C,,H,(NO,)t.NH(C,H,0),  and  rabroitthig  ibe  dimtnmaphlhyluiuu^ 
C,^H,(NO,)j.NH,,  obtained  from  the  latter,  to  the  action  of  ethylic  nitrite,  a  tkiri 
diuitronaphthalene  is  obtained,  which  crvHtallizes  fronj  alcohol  in  jellowish  needles, 
melting  at  144"  (29i°'2  F.)  ( Liehermaini  and  HamTnerschla^j,  ibid.  \x.  333). 

TriniironaphthaLene  :  Cj,H.j(NO,),. — On  heating  o-dinitronaphtbaleDe  for 
tome  hoan  with  nitric  add  to  about  125**  (257°  F.)  in  ehiaed  tubes,  and  addiag 
water  to  the  liquid,  a  precipitate  in  produced,  from  which  a-iritiitronapmaltm 
may  be  obtained  by  fractional  crystallization  from  chloroform  ;  it  forms  mooo- 
clinic  cr3"stals,  readily  soluble  in  chloroform,  alcoliol,  ami  acetic  acid,  which 
melt  at  122°  (25i°'6  F.).  A  slightly  soluble  ^trinitronaphihalene  maybe 
eaaily  prepared  from  /3-dinitronaphthaleiie  by  adding  5  parts  of  calpkBiB 
mtaA  to  a  miztuie  of  5  parte  of  fuming  nitric  add  witb  one  of  the  Nitro- 
compound and  crystallizing  from  glacial  iu.etic  acid.  It  forms  pale  ydlov 
rhombic  plates,  wliich  melt  at  218"^  (424°*4  F. ).  When  a-dinitronaphthalen?, 
liowever,  in  treated  in  this  manner,  it  yields  a  third  modificsition  :  y-trinitronaj  k- 
lhalenc,  which  cryt«t-Ulizes  from  nitric  acid  in  bright  yellow  scales,  melting  at 
154''  (309''-2  F.)  (Aguiar;  Bdlatmn  and  Knhlbei^,  ibid,  vL  647). 

By  boiling  a-  or  /3-dinitronaphthalene  for  a  few  minutes  with  20  parte  of  % 
mixture  of  equal  weights  of  fuming  sulphuric  and  nitric  acids,  or  bj  long  eon* 
tiiiut'd  heating  with  nitric  acid,  tluy  are  converted  into  a-  and  d-fetranitronaph' 
thuleue :  C^^\^{^0^^,  reH|»ectively.  The  a*derivative  is  almost  insoluble  in 
alcohol,  but  may  be  crystallized  from  chloroform.  Itmelte  at  259""  (498°*2  F.), 
and  detonates  violentlj  when  heated.  The  crystalline  form  belon^i  to  the 
prismatic  nystem.  The  /9'Componnd  oystalliaes  in  loQg  fibrona  needles^ ndttng 
at  200®  {392*  F.). 

(137 1)  CYANONAPHTIIALENE8. — a-MonocycmomophthaJehe,  a-napiHylie 
vt/fn]{(ht  or  a-finjihiJionitrile :  CjJi..CN,  its  obtained  by  distilling  potssiir 
uapUthaieoe-a-BuIplioMute  with  pota«t«ic  cyanide:  ^ 

It  is  also  prodih  hv  l  olling  naphthylfonnamide,  NH.C,,,H^COH,  with  con- 
centrated hydrochloric  iicid,  and  by  heating  sulphocarbtmaphthalide  with  finely 
divided  copper.  It  has  an  odour  resembling  that  of  bitter  almond  oil,  and 
crystalli/.es  iVoni  li^'lit  petroleum  in  groups  of  broad  lutitrouH  luvHlles.  It  melts 
at  37°'5  (99°-5  F.).  and  boils  at  298°  (568*'-4  F.).  The  ^  rt^  nwnaphtkole»t, 
obtained  by  a  similar  process  from  the  naphthalene•^•8ulphonate,  cryatalliaet 
with  difficulty  in  colourless  scales,  which  melt  at  66°-5  (i5i"-7  F.);  it  boils  it 
305^*  (581''  F.).  It  has  but  a  faint  odour,  and  is  less  soluble  in  alcohol 
than  the  a  compound  (Merz  and  Miiihau^er,  ZeiU.  Chcui.  [2\  v.  70;  WeUto^, 
Deui.  chem.  Ges.  Ber.^  ii.  407  ;  Weith,  ihii.  vi.  967). 

Dicyaoonaphthdenes  ha?e  been  foepored  by  distilling  mixtares  of  potaMS 
cyanide  and  the  potassic  Raits  of  bromonaphthalene-  a- and  /9-8uIphonic  acids  aiid 
the  naphthalenedisulphonic  acids,  but  little  is  known  of  them  (DarmstadtMr  sad 
Wichelhaus,  Ann.  them.  Fharm.,c\\\.  307). 

(1372)  H0MOLOOCK8  OF  Naphthaleak. — Methyluaplithah  ne  :  C  H^or 
0„H,.CH,,  ia  a  colourless  liquid  boiling  at  about  332^  (449^*6  F.),  and^havtug 
a  density  of  1*027  at  ii^'S  (S2''7  F.).  It  ia  pieiiared  by  the  action  of  aodiu» 
on  a  cooled  solution  of  monobiomonapbthaleoe  and  methylio  iodide  in  ctlwr. 
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Ethylnaphthahne :  Cj.Hjj  or  C,jjHy.C,H,,  produced  in  a  similar  inanner 
froni  brumonaphthalene  and  ethylic  bromide,  is  likew  ise  a  colourless  liquid.  It 
boib  at  about  250*^  (4^2°  F.)  (Fittig  and  Bemaen,  Ajin,  Chtm.  Fharm.,  civ.  1 1 2). 
CiianfltMriitio  d«rivstif«i  of  thcM  hjdvoMrboos  hare  not  ^et  been  obtained. 

Beaaijfdroamtkraevme s  Cj^H^— Tlui  bydraoorbon  is  fomed  on  lieatins^ 
dfliydnMuUinoene  for  ten  hours  with  faming  hydriodio  acid  and  amorphous 
phoiphorufl  in  closed  tubes  at  a  temperature  of  about  200°  (392^  F.).  It 
crystallizes  in  colourless  laminjE,  which  are  ea.>i!y  solulile  in  alcohol,  ether,  and 
benzene,  and  which  melt  at  6.^"  (i45"'4  F.j.  It  boils  at  290°  (554°  F.),and 
sk  » led  bent  u  nwdved  into  hydrogen  and  antihneene  (Grabe  and  LiebernMuin, 
Jmm.  Cktm,  Tkmrm^  8u]p.  vii.  372). 


§  IX.  Htdxocabbons  or  thb  CbH||^i4  oe  Diphbntl  Sishb. 

The  ninth  or  C„Hjn_i4  series  of  isologous  hydrocarbons  may 
be  called  the  di phenyl  series  from  the  name  of  oue  of  its  lowest 
members,  although  it  includes  compounds  hsving  but  a  very 
distant  relation  to.  diphenyL  The  following  Is  a  list  of  those  at 
present  known : 


( Acenaphthenfl  , 
\  Dipbenyl  .   .  . 


Ciyllu  DipheDj-lmethane 


/  T«trahj(lropbaiii]ittai«oe 
Paraditoljl    .   .  . 

I  Orthoditolyl  .   .  . 

'  ••Dipheiijletiiana  , 
/3-DiphpnTlcthane  . 

1  Parabcuijrltoluene  • 

VOrUMtMDigrUoliMM 

BaisylmetaxyhM  . 
BMi^rlpAnxykM 


Bcnnletlul 
OltolrliMil 


DibentjImetluuM 
Heth7(-^-dipb«0JlcCllaIle 


I  DipheiiTldimcthylcthane 
g%  WW     '  l^inTl-^-dlpheii} It'tliane 
•^i*  1  •-Diiolvlethane  .   .  . 
(^.Mudjittbm .  .  . 


C|fHa4  DiBMii^taMQMM 


CH,.r,,lIvC.H^.CH, 
<  ii,  r,  n,  i  ji.,cH,, 
c\,iU  (U,  (  H.-CH, 
i  n,  cii(-vH.)j 

CII,  (V.li^  ('H,,  (V,(li 
CH,.(.«H4.CH,.C«llj 

C.H,  Cn,.C,H,(CH,), 
C,H»  CH,  C«H,(OH^ 
C.Hsi  lijC,,!!.  r,U, 

e,lli.CH(CH,i  QlU.CIIa 


CeH,rH(CH,).CH(CH,).CeHj 

CgUj  rH(c  ii,i.r,.M^.i  ji, 


CH,.C,H4.C  H,.CH,  C,a< 
rw  /  CeH,(CHj), 


.CH, 


1I.P.*C 


95" 

2fP 


IJt" 

liquid 

bcluw  0° 
Itqnld 


liquid 


Approximat« 
B.P.°C.  I 

j6K°  I 


354" 

310' 

975" 
370° 

J9S' 

390'— too* 
170* 


None  of  these  hydrocarbons,  with  the  exception  of  acenaph- 
tbene,  yield  well-defined  additive  compounds  with  bromine,  but 
ihey  may  readily  be  conyerted  into  snbstitation  deriTatires  by 
treatment  with  that  reagent  or  with  nitric  acid. 

(1373)  DiPBBNTL  or  PBBNTI.BBNIENB ;  Phenyl:  0^^^  or 
CfH^.Cyi^rr  i54.^Thi8  hydrocarbon  is  finnned  in  a  Tariety  of 
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reactions,  but  it  is  prepared  cither  b}*  Fitti<^'s  proress^  by  the 
«actiou  of  sodinm  ou  a  solutiuu  of  bromobeiizeue  iu  beuzeue  :* 

sCgHgBr  +  aNa  =  CijH,^  +  sKaBr; 

or  by  takin^:  advantage  of  the  discovery  of  Bertlielot  that  it  is 
formed  by  the  decomposition  of  benzene  at  a  red  heat. 

By  the  latter  method  Sohalts  and  LCiddeiui  have  prepared  oonsid«rable  quan- 
tities of  diphenyl,  benzeDe  yielding  as  madi  aa  35  per  oent  of  its  weight  in  aoo- 

cessful  operations,  according  to  the  former  observer.  An  iron  tube  (a  gun 
barrol)  tilled  in  the  middle  with  pieces  of  pumice,  is  heated  to  bright  redness  in 
an  ordinary  gas  combustion  furnace  (Liiddenti),  or  charcoal  furnace  (Schultzj;  it 
ia  oennected  at  the  one  end  with  a  flaak  oontunhig  heniene,  and  at  tlie  other 
with  B  oondeiising  apparatna.  On  boiling  the  benzene  in  the  flaak,  ita  Yapoor  ii 
oauaed  to  pass  through  the  red-hot  tube;  and  about  100  to  200  grama  nay 
thus  be  distilled  through  the  tube  in  the  hour.  According  to  Liiddens,  however, 
it  i»  advantageous  to  dilute  the  ben/ene  vapour  with  ciiibonic  anliydride,  by 
passing  a  current  of  the  hitter  into  the  boiling  benzene.  The  unattacl^ed 
benzene  ia  distilled  off  the  prodact  which  oolleeta  in  the  reedver  on  the  water 
bath,  the  residue  distilled  in  a  current  of  steam,  and  cryataUized  from  alcohoL 
Watson  Smith  states  that  the  yield  of  diphenyl  is  much  incrpaaed  by  paitsing  the 
vaponr  of  benzene  mixed  with  antimoniooa  chloride,  SbCl,,  through  a  red-hot  tube. 

Diphenyl  ia  contained  in  coal-tar  oO^  and  may  be  isolated  by 
firactional  distillation  ;  it  separates  from  the  portion  collected  at 
240** — 360°  (464° — 500°  F.)  on  cooling,  and  is  purified  by 
pressing  and  crystallisation  from  alcohol  (BuchneTi  Deui,  chem, 
Ge».  Ber.,  Tiii.  22). 

DiphcDyl  crystallizes  from  alcohol  in  thin  iridescent  plates, 
which  possess  a  characteristic  pleasant  odonr ;  it  melts  at  70°*5 
(i58*'-9  K)  and  boils  at  254°  (489^  2  F.).  It  is  not  affected  by 
heating;  to  2jO°  (4^-2°  F.)  with  liydriudic  aeid  solution  (h.p.  iiy^  C.) 
and  phosphorus  (Schnltz)  ;  hut  according  to  Bertlielot  it  is  con- 
verted into  hexanc  when  heated  with  a  large  excess  of  a  i«aturated 
hydriodic  acid  solution  at  280°  (536*^  F.).  It  is  oxidized  by  a 
solution  of  cliromic  anhydride  in  glacial  acetic  acid,  beuzoic  aeid 
being  formed  (Schultz). 

(1374)  Svbatitiition  derivatives  of  Diphenyl. — The  derivatives 
of  diphenyl  have  been  studied  by  Fittig  {Ann.  C/iem.  Phorm., 
exxiv,  275  ;  cxxxii.  204 ;  Scliultz,  ihid.  clxxiv.  201  ;  Doebner, 
ibid,  clxxii.  109;  Engelhardt  and  LatsehiuofT,  Zeits.  Chem.  [2], 

vii.  2,59;  Ostcu,  Dcut.  chtui.  Ges.  Ber.,  vii.  170;  Liiddeus,  ibid. 

viii.  870 ;  Doebner,  ibid.  ix.  129).  Chiefly  mono*  and  di* 
derivatives  have  been  prepared,  of  which  the  following  is  a  list : 


*  A  certain  quantity  of  by-producta  la  always  obtained,  oonaisting  of  a 
brominated  oil  aod  a  ciyatattine  hydrooarbon  of  the  fiwmala  C\,II^,  (Schnlts). 
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Poial 
cent.) 

-  - 
C.ll.Br.C.H, 

89° 

C.H^CLC.H, 

75" 

C.H,Br.C,H,Br 

164° 

DipaitMAlorodi  phenyl  •    .    •    •  • 

O.HXM.CJrCl 

148* 

Parametadichlorodiphtojl    •    •  . 

C.H,C1,.C.H, 

<     3      3      C  ( 

179' 

Paracyatiodipheuyl 

0 

ParametacyanodipbeniL   .    •    •  • 

C  H,(CN).,.C 

<     SV          i     «  t 

2^4" 

C\H  (NOJ.C  H, 

Oiibooitrodiphenyl  (?).... 

37° 

DipttaaitnidiplMnjl  

C.H,(N(),).C,HXNO,) 

OrthopanKlisitrodiphenjl  (?)     .  , 

93*^-5 

Parabroinoparaiiitrodipheriyl 

C.Il,Br.(,H,(NO,) 

173° 

1  Pdrabroniortli(iiiitr(>i:!i|i!ieiivl  (?) 

C.H,Br(XUJ.r,H, 

1  DiorthoaitroJipaiabrouiudipheDyl  (?) 

C,H,Br(NO,).C,li,Br(XO,) 

148' 

The  main,  if  not  the  tola  pvodiiet  of  the  aotioo  of  bronun^  nitrie  «cid»  and 

salphuric  acid  Qadiphenjl»  18  alwajs  ajpara-moDO-derivative;  that  in  to  ttay,  the 
radicle  displaces  an  atom  of  hydrogen  in  tlif  one  C^H^  group  which  is  in  the 
para- post icion  r«latively  to  the  other  TJI,  group;  only  in  the  caue  of  nitric  acid 
is  a  small  quantity  of  aa  uumeric  (probably)  orlho-mono-durivative  obtained. 
Tliia  ia  proved  in  ihe  eaae  of  the  hromo*  and  nitro-derivatiTea  hy  thw  oonvenioii 
into  pambromo-  and  paranitrobenzoic  acid  on  oxidation  ;  and  that  the  sulpho-eoid, 
C,Uj.C,Hj(SO,H ),  formed  by  the  action  of  sulphuric  acid  on  diphenyl,  is  a  para- 
derivativf  is  shown  by  the  conversion  of  the  oxydiphenyl,  ("^H..C^H^(0]i), 
produced  by  fusing  it  with  pota^sic  hydrate,  into  a  chlorodiphenyl  (by  the 
action  of  phosphoric  pentaehloride)  which  fomiahea  parachlorobenzoio  acid  on 
oxidation. 

By  ttie  further  action  of  bromine  and  of  nitric  acid  a  di-derivative  is  pro* 
duced,  or  at  Ica^t  is  the  main  proJtict,  wliioh  if<  formed  by  the  displ;u  einent  of  an 
atom  of  hydroj^en  in  the  para-ijosiiiaa  in  each  of  the  CJl^  groups.  ThuH,  on 
converting  the  dinitrodiphenyl,  wliicb  is  the  chief  product  of  the  action  of  nitric 
add,  by  partial  redaction  into  amidonitiDdiphaDyl,  and  diaplaeing  the  amido- 
^oup  in  the  latter  by  bromine  by  Graiaa'a  reaction,  •  bromouitrodiphenyl  ia 
obtained  identical  with  that  formed  on  nitrating  parabromodipbenyl,  and  which 
furnishes  both  parahromo-  and  paranitro-hemnic  acid  on  oxidation.  The 
diuitrodiphenyl,  which  is  the  accessary  product,  is  probably  formed  by  the  dis- 
plnoement  of  two  atoms  of  hydrogen  in  the  same  C,U^  group,  one  being  in  the 
cntbo-  and  the  ether  in  the  para'poeition. 

Bat  the  action  of  sulphuric  acid  offers  an  eneptioB*  for  when  the  disulpho- 
neid,  CjjHj(i>OjH)j,  is  fused  with  potassic  hydrate,  and  the  rei»ulting  dioxydiphenyl 
it  distilled  with  phosphoric  pentachloride,  a  dichlorodipheuyl,  CyJI^C'1.,,  is  ob- 
tained, which  yields  j)ara;/if/udiclilorubeuzoic  acid  (m.  p.  201°  C.)  on  oxidation 
proving  that  ^  t«o  ealpho-groupa  are  contained  in  the  aame  C,U,  group. 

(1375)  Ac£NArHTa£N£  :  C^gHj^  or  Ci^HX  i  . — ^Although 
of  the  same  composition  as  dipUeuylj  this  bydrucarboa  is  readiij^ 
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d'stingnished  from  it  and  the  homologous  bodies  hj  its  behaviour 
with  bromine  and  on  oxidation,  and  by  forming  a  oompound  with 
trinitrophenol,  C],H^o+C(Hs(NO,)3.0H,  crystallising  in  orange- 
yellow  needles,  which  is  produced  when  solutions  of  equivalent 
quantities  of  the  two  substances  in  boiling  alcohol  are  mixed. 

Acenaphthene  was  first  obtained  by  Berthelot  by  passing  a  mix- 
ture of  ethylene  or  acetylene  with  naphthalene  vapour  through  a 
red-hot  tube,  and  was  subsequently  discovered  by  him  in  that  por- 
tion of  the  heavy  coal-tar  oil  which  passes  over  between  2^0°  and 
300**  (48a**  and  57a®  F.),  {BuU,  8oe,  Chem,  [2],  vii.  275 ;  viii.  245). 
It  is  also  obtained  on  passing  ethyl  naphthalene  vapour  through  a 
red-hot  tube,  and  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  at  100°  (212"  F.)  on  bromethylnaphthalene,  Cj^H^CgH^Br 
(Berthelot  and  Bardy,  Compi.  Rend.,  Ixxiv.  1463). 

According  to  Bchr  and  Van  Dorp  (Ann.  Chem.  Pharm.,  clxxii. 
263)  the  fraction  of  coal-oil  boiling  between  265°  and  280°  (509° 
and  536°  F.)  when  allowed  to  stand  in  a  cold  place,  dept>sits 
acenajdithcne  in  hard  flat  prisms,  which  may  be  purified  by 
crystallization  from  hot  alcohol,  in  wlii(!h  it  is  readily  soluble  ; 
it  separates  on  cooling  in  brilliant  colourless  slender  prisms,  which 
melt  at  95°  (203°  F.)  and  boil  at  268°  (5T4°-4  F.).  On  oxidation 
by  potassic  dichromate  and  sulphuric  acid  mixture  it  is  converted 
into  napMhalic  acid  (ikhr  and  Dorp) : 


When  a  molecule  of  bromine  is  added  to  a  molecule  of  acenaphthene  dissolved 
in  ether,  bromacenaphtkene,  C^H^Br,  ia  produced;  it  crytitallizen  from  alcohol  in 
plates  melting  at  52°  (i25''-6  F.),  and  is  converted  into  hrtmrnaphikdlie  aad 
on  oxidation.  By  the  aotion  of  a  Imrgar  quantity  of  bromrae  on  a  sololioii  of 
the  hydrocarbon  in  carbonic  b'sulphide,  dihromacenapkthene  ietrabromide, 
C^jHjBr^,  is  obtained  in  beautiful  white  crystals  (Blumenthal,  Deuf.  chem.  Ges. 
Ber,,  vii.  1095).  According  to  Berthelot,  a  hexahromide^  C^jH^^Br^,  is 
formed  on  adding  a  Blight  excess  of  bromine  to  a  cooled  solution  of  acenaph- 
thene in  light  petroleain  naphtha ;  it  crystalliieB  from  akohol  in  dender  needles. 
Sinoe  naphthalene  combines  with  at  most  four  atoms  of  bromine,  however,  it 
appears  probable  that  Berthebt's  supposed  haialiromide  is  lealiy  Blumenthal's 
dibromotetrabromide. 

(1376)  H0MOLOGUE8  OP  DiPHENYL.  Formation. — ^There  are 
three  methods  of  general  application  by  which  hydrocarbons 
homologous  with  diphenyl  may  be  produced,  viz.;  (i)  By  the 
action  of  sodium  on  the  mono-haloid  derivatives  of  the  hvdro- 
carbons  of  the  benzene  series^  both  those  formed  by  the  displace- 
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meiit  of  an  atom  of  brdrogen  in  the  group  and  in  the  side 
chain  being  available  for  this  purpose : 

aC.H.Br.C.ft^^,  +  aN.  -  C.H,(C„H,„„).C.H,(C„H^«)  +  ^VmB,. 

Bromotolucne.  Ditolyl. 

By  this  reaction  hydrocarbons  strictly  homologous  with  diphenyl 
are  obtained,  which  is  not  the  ease  when  the  leaction  takes  place 
in.  the  following  manner : 

2C,H,.CH.C1  +  2Na  =  C,H,.CH,.CH,.C,H,  +  zNuCl. 

BenryHc  chloride.  Wbcnzjrl. 

2,  By  Zincke's  process,  by  beating  a  mixture  of  a  hydrocarbon 
of  the  benzene  series  and  the  monochloro-  or  monobromo-  deri- 
YatiTe  of  a  hydrocarbon  of  the  same  series  containing  the  halo* 
gen  in  the  aide  chain  with  finely  div  ided  zinc  or  copper : 

C  H  f^nH2ii-CgH5_jj{CnHj^^l)^ 

C,H,  +  CgHs.CII.Cl  =  Ha  +  CgH5.CHs,.CjHB< 

IhiMiiBii.        BouqrUs  diloridA.  PiphaniyiaMthMifc 


When  zinc  is  employed,  it  is  only  necessary  to  heat  the  mixture 
in  an  open  flask  attached  to  a  reversed  condenser  ;  with  copper, 
in  the  case  of  the  lower  terms  of  the  benzene  scries,  a  hi{^lier 
temperature  is  required,  and  the  mixture  must  be  beated  in  sealed 
tubes  ;  but  in  the  case  of  the  higher  terms,  the  temperature  can 
be  raised  sufiicicutly  by  heating  in  an  open  fliislc.  Tbe  same 
action  appears  to  take  place,  altliough  far  less  readity  and  com- 
pletely, when  a  mixture  of  the  hydrocarbon  and  haloid  derivative 
is  heated.  In  fact,  the  metal  seems  to  take  no  active  part  in  the 
reaction  after  it  is  once  started,  for  if  the  metal  be  tlien  removed 
the  action  continues  with  apparently  undiminished  energy;  some 
metallic  chloride,  however,  is  always  formed,  although  the  quan- 
tity is  but  small  (Zincke,  Ann,  Chem,  Fharm,,  clix.  3167  ;  Deui, 
chem.  Get.  Ber.,  vi.  137).  • 

3.  By  Bacyer's  method^  which  is  closely  allied  to  Zincke's, 
concentrated  sulphuric  acid  is  caused  to  act  on  a  mixture  of  a 
hydrocarbon  of  the  benzene  series  with  formic  or  acetic  aldehyde; 
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since,  however,  formic  aldehyde  cannot  l>c  isolated  and  acetic 
aldehyde  is  rapidly  rcsinified  by  sulphuric  acid,  methylenic  acetate, 
(  llniCyi^OJy  or  xncthyial,  CHg(OCHJy  is  employed  instead 
of  the  former,  and  its  crystalline  polymeride,  paraldehyde,  in 
place  of  the  latter.  It  is  usually  necessary  to  dilate  the  mixture 
with  glacial  acetic  acid  before  adding  the  sulphuric  acid.  Probably, 
the  first  ac^n  consists  in  the  conversion  of  the  Biethylal  or 
methylenic  acetate,  by  the  snlphiiric  acid^  into  the  corretspondiag 
sulphate,  which  then  enters  into  leaction  with  the  hydrocarixMi : 

CHslSng  +  «H.so.  -  CH,;5f5  +  »c,H.o.; 

^eili|lcnlc  act'tate.  Jfetbjicnic  tiuli>tiate.         Acetic  add. 

Mctbyleuic  wiliibate.        BniieM.  Dipbeajlmcthaae. 

A  similar  explanation  may  be  given  in  the  case  of  acetic  alde> 
hyde ;  the  end  zesnlt,  however,  is  expressed  by  the  equation : 

CH^CX)H  +  aq,H^C,H^^O.  «  OH.  +  CH,.CH 

By  the  employment  of  ehlorinated  and  brominated  derivatives  of 
aldehyde,  chlorinated  aud  brominated  hydrocarbons  may  be  pro- 
duced ^  thus: 

CCVOOH  +  *  Ca,.CH(C^Hj)j  +  OH^ 

(1377)  DmnrrLvnBAHJi  oa  BntsTLBsmBMC :  CH,(C,H,)^  =  168.-^ 
This  hydrocarbon  is  the  chief  prodact  of  the  action  of  zit>c  on  a  mixture  of  bea- 
«ene  and  benzylic  chloride  (see  dibenzylbeii5M?nc).  It  is  also  formed  b}'  Baeyer's 
process  from  benteno  and  methylal  (I)rnt.  chem.  Gen.  Ber.,  vi.  221),  and  by 
adding  sulphuric  acid  to  an  acetic  acid  soluliou  of  benzene  and  Wusylic  alcohol 
<MeyerandWu«ter.»Wrf.  vi.963);  C,H,  +  C  H^.CU,.OH « C.H,<C,HJ,  +  OH,; 
it  is  obtaiiMd  od  distilling  the  bvic  salt  of  dipbeDylaoetic  aeid.CH(C,Hj,.CO,H, 
with  iioda>lime  (Jena),  and  aooording  to  Staedel  {ibid*  viL  1480),  it  ia  the  dbief 
product  on  beating  bcneophenone,  CO(C,H^)..,  with  zinc  powder. 

Diphenylniethane  cryftalHsfs  in  colourletis  moiioclinic  prisms,  which  melt  at 
26°  (jii^'S  F.)  ;  it  boils  at  262°  (503°'6  ¥.).  It  possesses  an  agreeable  aromatic 
odour  reaoDbUng  that  of  onuogee,  and  ia  readily  aobible  in  alcohd,  ether,  and 
ehlon^orm.  On  oxidation  it  is  converted  into  benzopbenone,  CO(C,Hjg.  Hie 
IbUowing  sitio-derivstvres  have  been  obtained  (Doer,  ibid,  t.  795) : 


]LP."C«L 

DhAtroaipbeDyhnethaae  ,  .  .  CH,(C.H,.\0,).  183^ 
laodhitrodiphenylmetbane  •  .  .  ^'^^/|  JI'^xoj  '7^** 
TetisnitiodiiibeoyhnethaDe    .   .   <^^.  |  c  h'(2<oj  '7^* 
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A  cryrtalliM  HpJkem^lMtromeHkame,  CHC1(C,H,),,  wlueh  neiti  «i  14** 

{$7°' 2  Y.),  is  formed  on  p:ussing  dry  hydrochloric  acid  into  well  cookd  diphenyl- 
Owbinol  or  l)enzhydr<)l,  ('H(('JIj)  .OH  (Engler  and  Bethgo,  thid.  vii.  1128).  A 
liquid  <itpkcuifhlirhl'>rn,n>  thane,  CCl^(e'^Hj3,  which  hoilsat  305°  (581°  F.),  i« 
produced  by  heatiug  U  iixupheuoue  with  phosphoric  peutuchiundu  (iveJiulc  and 
FfMMbimift,  tM  t.  908). 

( 1378)  Htdbocasbohs  :  C,fH,f  =  183. — Tetrakydr«pkenamthrene,  0,^H,^. 
— Aooording  to  Gr^ebe  {ibid.  viii.  1056)  this  hydrocarbon  ia  formed  on  heating 
pheoantlireue  with  hydriodic  acid  and  p!iosphoru«  to  about  200"  (392^  F,).  It 
it  an  oily  liij[uid  which  boils  at  about  310^  (59^^  soUdilids  below 

(32-  F.). 

Paradimeikyldiphcn^l  or  Partditolifl ;  Ok-Diioljfl :    <  C*H*  CH''  ^ 

pared  by  the  action  of  sodium  on  a  solution  of  parabroniotoluene,  C^H  Jir.CHj, 
in  petroleum  naphtha  (Zinckc;  Lonj^'uinine,  ihiil.  ir.  396  and  514);  it  crya- 
tallizes  iu  maguihceut  monocJinic  prisma,  which  melt  at  X2I''  (249°'8  F.). 

(hik»JtUol§l  it  tinUtrly  preptnd  fipom  crtbohw»iiiofailntin,bnt  ftbatiMijcfc 
hitii  obtained  quite  free  from  the  iaotBiridai  it  it  mi  oiljr  liqaid  whieh  Maat 
•boot  275**  (527*^  F.)  (Longninine).  Th-^  oxidation  prodnttt  of  thft  diiolyk 
have  not  a.s  jet  been  investipited.  but  in  all  probability  tluj  are  MUraited  IBtO 
dip/ieaylcarl>o.ri/nc  acids,  Cji^^C'lKJll  ).C\H^(C(H>H ). 

a-DijfAen^UauH  f  or  Utbetiz^l :  t;ii,.CH,.CH,.C\H^. — Thia.  hjdrocarboa  ia 
noat  ouifieiutiitly  prepared  by  the  Mtkmof  netanie  todiom  4»  bensylio  ebloffide 
or  biomide:  ftC,U,.CH,a-l-aNaB9NaCl  +  C\H,.CH,.CH^C.H,  (Fittig  and 
Stalling,  Ann.  Ckem.  Pharm.,  cxxivii.  258).  It  is  also  formed  by  heating 
stilbene,  i.\^H^^,  with  hydriodio acid  to  150°  (302^  F.)  (JUmpriohtand  Stshwaoert, 
ibid.  cxlv.  334). 

IKbiDzjl  crystallizes  in  white  monodinie  pdama  which  meliat52°(j  2^'''6  F.); 
it  boUa  at  284^  (543^*3  F.).  On  paasing  ita  vapour  over  heated  pamioe,  a 
mixture  of  ttilbane  and  toluene  is  obtained.    It  does  not  readily  undergo  osida- 

tioit.  but  is  converted  bv  the  action  of  an  acetic  acid  solution  of  Ghnmioanhjdrida 
iuto  bcii/.oic  acid  (Lippert,  JJmL  ckem.  Ocs:  Btr.,  ix.  1 4). 

Bromine  acts  readily  upon  dibenxyl,  but  the  nature  of  the  products  is  largely 
dependent  upon  tbe  eonditioBt  imder  whieh  the  aetioii  takea  plaoe.  When  dry 
bromifie  is  added  to  the  hydraearbon,  moeh  heat  ia  emdved,  and  a  seriea  of  bodies 
is  produced  which  are  formed  by  the  displacement  of  hjrdrogen  in  tho  CgU^ 
group  (Marqnardt,  A$m,  CAcm,  Pkarm^  oti.  362); 

M.P.  "  Cent 

Btamodibeniyl  .  .  C.H,.CHBr.CH,.C,H,  liquid. 
Dibramodibeni^'l  .  .  C.H,  CUBr.CHBr.C,H,  228** 
Tiibtomodibeu7l(P).    C.H,Br.CHBr.CHBr.CA  907*'-2ii'' 

The  first  of  these  yields  stilbeiie  when  treated  with  an  alcoholic  solution  of 
potassic  hydrate  i  the  second  is  identical  with  stiliena  dibromida  (p.  367);  the 
third  hat  not  been  eaamined 

By  adding  bromine  to  dibensyl  enipended  in  vattr,  ^ttig  and  flieUing 
obtained  a  liquid  bromodibenzyl,  boijing  without  decomposition  above  320^ 
(608°  F.) ;  and  a  crystalline  dibromodibenzyl,  melting  at  115°  (239°  F.).  These 
oompouuds  are  formed  by  the  displacement  of  hydrogen  in  the  groups,  for 
aoeovdiug  to  Lippext,  {loc.  cit.)  the  pure  munobromo-deriTative  yields  the  pure 
di^rivatin,  when  eantiontly  treated  srith  bromine,  and  the  ktter  ia  eonverted 
into  j^a/  abroroobenxoic  acid  on  oxidation. 

i^ibensjl  ia  alao  Mjpahia  of  wwihininy  diieotlj  with  bcomise*  a  ctjttaUiot 
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compound  of  the  formuLi  C^^H^^Br,  being  obtained  bj  adding  IffOmine  to  % 
solution  of  dibenzjl  in  pure  ether  (Fitti^*,  Ann.  Chem.  Pfi(trm.,  cxxxrii.  271). 

-By  the  action  of  nitric  acid,  dlbenzyl  is  converted  into  a  mixture  of  two 
isomeric  dinitro-derivatives,  one  of  which  melts  at  i66°  (330°-8  F.),  and  the 
otlMrat74*'  (ids^'aF.)  (Fhtig  and  Staling).  The  fiumier  yields  a  large  qaaatikj 
of  pannitrobeiiioie  add  on  onkbitioii,  and  is  tbns  proved  to  be  a  dipanmitro* 
dibenajt,  C,H^(NO,).CH,.CH,.C,H,(NO,) ;  the  latter  also  furninhea  paranitro- 
benzoic  acid,  but  in  much  smaller  quantity,  and  is  probably  an  orthoparadimtrD- 
derivative  of  tho  fonnuia,  C,H^(NO,).CH,.CH,.C,H^(NO,). 

When  treated  with  sulpliuric  acid,  dibenayl  furnishes  dibenzyldipamulphoMO 
acid,  C,H^(SO,H).CH,.CH,.C,H,(SO,H)  {KaA^Deui,  ekMm,  Qm.  Btr,,  953; 
ni.^39). 

^Diphen^lethane :  CH,CH(C,H,)^.— This  hydrocarbon  is  produced  by 
Zincke'H  process  from  benzene  and  bromethylbenzene,  C^Hj.CH  Hr.CHj 
(Radziszewski,  ibid.  vii.  142) ;  by  Baeyer's  process,  from  benzene  and  paraldehyde 
{ibid.  viL  1x90) ;  and  by  the  action  <tf  aomnm  amalgam  on  an  akoholie  aoln- 
tion  of  3-diphenyltrioh1orathane  or  /S^iplienyltnlmmiethane  (Goldadunidt,  ibid. 
vi.  989,  1 501).  ^-Diphenylethane  is  a  colourless  oil  of  pleasant  odour,  which 
boils  at  about  270''  (51 8'  F.),  and  solidifies  at  a  low  temperature  to  acryetalline 
mass.    (>n  oxidation,  it  yields  benzophenon*;,  CO(CjHj),. 

The  following  haloid  derivatives  of  this  hydrocarbon  have  been  prepared  bj 
Baeyer's  process  from  benzene  or  cbloro-  and  bromobenxene,  and  the  mono-,  di-, 
and  trioUorinated  derivatina  of  aldehyde  and  tribcomaMebyde  (tfiM.  t.  1098 » 
▼193^985,1439;  TIL  1 180, 1409)  s 

M.P. "  C« 

/3-I)iphenylmono«hlorethane  CH.Cl.Cn(C,H,),  liquid 

^-Diphenyldichlorethane  CUCI,.Cil(,C,H  J,  P 

/3-D4phenyltridiloiett»ant  OC!lg.CH(C,H,),  64" 

jS-Diphenyltribromethane  CBr^.CH(C,HJ  89* 

/3-Dimonochlorophenyltrichlorethane    .    .    CCI,.CH(CJI^C1),  105 
/^Dunonobromophenyltribromethane   •   »   Cc4.CH(C.U^BrX  140' 

Pavw- and  OfiMm^yUoheM :  CH,  t.H,.CH,.C,H..— The  md^  piodnct 
of  tbe  notion  of  beusylic  chloride  on  toluene  in  presence  of  metallic  zinc  la  a 
miztore  of  variable  proportions  of  these  two  hydrocarbons,  which  cannot  be 
separated  ;  it  is  a  coluurless  liquid  of  pleasant  odour,  which  boils  at  280^ 
(536°  F.)  (Zincke,  Ann.  Chem.  Fharm.ycXxx.  93;  Plascuda  and  Zincke, 
chem,  Oet.  Ber.,  vi.  906).  Behr  and  Dorp  {ibid,  viL  18),  however,  have  sno> 
oeeded  in  ^paring  pure  parabenayltolnene  by  etron^y  heating  eryetaltina 
!  •  u  abenzoyltoluene  or  paratolylphenylketone,  C,Hj.CO.C,H,.CHj,  with  zinc  duet. 
It  is  an  oily  liquid,  which  boils  at  about  z^c?  (53^°  F.),  and  does  not  solidify 
in  a  refn<:t'rating  mixture  of  ice  and  salt ;  it  does  not  yield  a  trace  of  anthracene 
when  its  vapour  is  passed  through  a  red-hot  tube.  When  the  benzyltoluene 
prepared  by  ZSneke's  prooeie  ie  eabmitked  to  osidation  with  potaarie  diehromate 
and  anlphurie  aoid»  a  mixture  of  the  two  isomeric  ketonea,  para  and  /3-benzoj^- 
toluene^  C,H,.CO.C,H^.CH,,  is  obtained,  which,  on  further  oxidation,  furnishes  a 
mixture  of  para-  and  Q-henzoylhenzoic  acids^  C^U,.CO.C,H.^.COOH.  There  is 
little  doubt  that  the  3-acid  and  ketone  and  the  hydrocarbon  from  which  they 
are  derived,  are  or^Ao-derivativee  (see  anthracene),  and  that  the  action  of  benzylie 
chloride  on  tolnene  reaomblee  that  of  moat  other  reagenta»  ainoe  an  orfAo-  and  a 
|Nira-derivative  are  simultaneously  produced  (pw  336). 

Bromine  acts  violently  on  the  benzyltoluene  prepared  by  Zincke's  process, 
but  no  definite  bromine  derivative  has,  as  yet,  been  obtained.  With  nitric  acid 
it  yields  a  dinitro-derivative,  Cj^HuC^OJ^  melting  at  137**  (27^  "O  F.), 
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together  with  a  anaD  qmntitgr  of  an  iaomeride,  whieh  mcilts  at  about  lOO* 

(212*  F.);  much  resinoid  matter  is  also  tmned.  The  dinitro-derivatiTe  of 
higher  melting  point  is  (lerive<l  from  parabenzyltoluene,  and  is  converted  into 
paranitrobenzoic  acid  on  oxidation,  so  that  it  is  represented  by  the  formula 
C,H^(NUJ.CH,  C,H  (NOJ.0H  .  The  iuomeric  dinitro-derivative  is  probably 
fi>nned  from  the  orthobensjrltofiieiie.  A  ^a^romiro&MwyllolMM,  C/^H  (NOJ,, 
18  obtained  by  the  action  of  ft  mizton  of  Ditrie  aod  ralphnris  aeida  (Zindte, 
•W.  V.  683 ;  viL  986). 

HxDBOCAEBOXS :  C,,H,,  ~if)6. —  Bfnzyhnefa-  and  benzyl para-Tyhne, 
C,H,.CHs.C,n,(CH,),,  and  henz^Jrthj/lbtnzene,  C,H^.CH,.C.H^.C\n,,  are  pre- 
pared by  Zincke's  process  from  bt  iuyiic  chloride  and  roeta-  or  parazylene  or 
othylbenaane  (Walker,  ibid,  r,  686 ;  Zineke,  799).  They  are  ooloorlcia 
liquids  having  a  faint  aromatic  odour,  which  boU  at  aboot  294° — 296** 
(56i"'*2 — 564°*8  F.).  On  oxidation,  benzylethylbenzene  is  converted  into  para- 
benioylbenzoic  acid.  C,!!^  CO.C,li^.COOH  :  benzylmetaxyleiie, however, fumishea 
benaoylisophthalic  acid,  C,H,.C().C,H,(COOIi),. 

DHotylmeOane,  CH,(CVI,CHA.  in  obtained  bj  Baeyer's  pit)oeaa  from 
nMCkyfad  and  toliunei  It  boUe  at  abont  390"  (554**  ^Ot  ^  ^  eonverted  into 
dimetfytbemzopkenone,  CO(C^H^.(  'n  J,,  on  oxidation,  which,  on  further  oxida^ 
tion,  yields  henzopkenonedicarhoxylic  acid,  CO(C,H^.COOH)j.  A  dihromo- 
derivative,  CII  (L\HJ?r.CH,),,  meltint?  at  115°  (239°  F.).  and  a  dinitro- 
derivative,  melting  at  164°  (32  7°'2  F.),  CH,(C,U,(NOj  CIIJ  ,  are  produced 
by  the  aeUoo  of  bromine  w  nitrio  add.  A  diekl0rJlUoUflmetium9t 
CH,(C,H^.CH,C1),,  which  crystallizes  in  white  pUtee»  melting  at  105** 
(221°  F.),  18  formed  on  adding  sulphuric  aoid  to  a  mlztme  nit  aMihjIal  and 
benzylic  chloride  (Weiler,  ibid.  vii.  1181). 

Dibenzylmethane,  CH,(CHj.C,Hj)„  has  been  obtained  by  Grsebe  {ibid.  vii. 
1623)  by  heating  dibenzylketone,  CO(CU,.C,H,)^  with  hydriodic  aoid  and  amor- 
phooa  phoephoraa  to  i8o^  (356"  F.). 

Methyl-^-diphenylethane,  CH,.C,H,.CH(CH,).C,H,.  ii  a  liquid  hydrocarbon, 
firmed  by  Zincke's  method  from  toluene  and  bromethylbenzene ;  it  boils  at  about 
979^  (534'''2  F.),  and  is  converted  into  parabenzoylbenzoio  acid  on  oxidation 
(Baodrowski,  ibid.  vii.  1016).  . 

(1379)  Htdbocabbovb:  Cj,H^  »  210*  —  JHplt/njfldiimetk^lHhanM, 
C^rCH(CH,).OH(CHj.C^,,  is  formed  by  the  aoium  of  aodinm  on  ohlor-  or 
bromethylbenzene,  CHg.CHt'l.C,Hj  (Engler  and  Bethge,  ibid.  \\\.  1127).  It 
aystaUizes  from  ether  in  colourless  newlleM,  melting  at  124°  (255'  2  F.). 

Ethyl-fi-diphenylelhane,  C.II,  CH(CHJ.C.H^.t\H,,  is  the  hydrocarbon  pro- 
duced by  the  action  of  zinc  on  a  mixture  of  ethyl  benzene  and  bromethylbenzene 
(Badadaaewaki*  ibid,  nL  140).  On  oxidatioa  it  ia  eonveited  into  parabenzoyl- 
b«iaoio  acid. 

a-Ditolylethane  or  dixylyl  CII,.C^H^.CH,.CH,.C,H^.CH3,  is  formed  by  the 
action  of  sodium  on  the  chloroxylene,  prepared  by  the  action  of  chlorine  on  boil- 
ing coal-tar  xylene;  it  is  an  oily  li(^uid  which  boils  at  296°  (564°'8  F.)  (Yollrath, 
AmL  CSem.  Pharm^  oxIit.  263). 

^•2)li«ol^MaM,CH,.CH(C,H,.CH,),,  ia  Ibnned  on  adding  tolime  to  a  eolo- 
tion  of  paraldehyde  in  sulphuric  acid.  It  is  liquid,  and  boils  at  about  297^ 
(566°-6  F.).  ^-DitolyUrichJorethane,  CC1,.CH(C,H,.CH,),,  is  obUined  by 
substituting  chloral  for  paraldehyde  ;  it  form.s  coIourlesK  crystals  which  melt  at 
89°  (i92°  2  F.)  (Fischer,  Utut.  chem.  Oet.  Ber.,  vii.  1193). 

(1380)  HTDiocAXBONi :  C^Hj,  ~  2!^ij-'2Hm§»iiylm0lham9T  htgQmHh^U 

{C  H  fell  ) 
C*u'(CHJ  *  ia  very  vBidilj  obteiaed,  aooording  to 
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Baeyer  (Ibid.  v.  I098),  by  the  action  of  Bulpharic  acid  on  a  solution  of  raesitylene 
and  methylenic  acetate  in  acetic  acid.  It  crystalli7.es  from  aloohol  or  ^er  in 
Uxge  mouoolioio  priunt  which  meit  al  1^2^  (269° *6  h\). 


{  X.  HyDJU)CA]LB0N8  OF  THE  CaUa^.ie      Stilbsne  Sk&ies. 


(1381)  Fifteen  members  of  this  scries  Lave  been  discovered, 
but,  with  the  excej)tion  of  stilbeae,  very  little  is  known  about 
them.    The  following  is  a  list : 


^  CH 

]|.P.*Ofliik 

B.P.*ODt 

CuB^ 

AoetylMninphtlal<D> 

«• 

JMpheojlauimetiiaM  or 
aoaraiA 

'  Dibjiiroanthroi-ene 
a-l>iphL>uylethjlcn«  or 

/}-OipheDjletbTlea«  or 

CB.QA 

io6« 

305° 
306= 

'}If  laliydropjrene 
DiiirmarneueH 

o-I)itolyletli)  leiic  or 
tliroethyliitilbeoe 

CH.CtIi4.CHa 

t-H.CjH.CH, 
H,C=l'(C6H«  CH,)» 

176=" 

liquid. 

above  300" 

DIethjIitllbeM 

TetrametbjrUtilbcne  or 
•Hl^ini7ljl«UiyIiBi 

Tetnraethjrlntilbene  or 
a-dlmctaxjrljrlelhylene 

Tolrametb>li9uetilb«nfl  or 

CII.C<,n4.C,H, 

f^H.CgH^.CjH} 
CH.C,H,(CH,J, 

II 

CH.C,H,(CH,), 
CH.C«li«(CUc)s 

0 

CH.CeH,(CH.), 

Uqnid. 

Hcxntju  thylisostilbcno 
or  ^-diuieiiitjrleU^leue 

w 

The  only  general  methods  for  the  preparatioii  of  hydrocarbcmt 
of  this  series  appear  to  be  the  passing  of  the  vapour  of  C^H^^^ 
hydrocarbons  over  heated  plambic  oxide : 

q,H,^  -H  PbO  «  C^H^  +  OH,  +  Phi 

AmmihtliiHiH-  AoiDiplithjkMa. 

or  by  the  decomposition  of  their  monochlprinated  denvmtives 
under  the  inflnenoe  of  an  alkali  or  of  heat : 

CHga.CH(CeH5),    s    CB^Z=!C{C^U^^  +  HCL 

I^Ptphwuylmomchlantooa.  |M)(plMiqrl«ttirlaNb 
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or  CjqHj^II     =  15a.  —  Wheu    acenaphtJialeue    vapour  is 


(1382)   ACETYLENUNAPUTUALENB  OK  Ac£NAPUTUVL£NB  :  C^Ug 

yCII 

^  II 

passed  over  plumbic  oxide,  heated  nearly  to  redness,  it  is  almost 
completely  coiivi  rted  into  this  hydrocarbon  (Hclir  and  Dorp, 
Ann.  Cfu'iii.  Pliai'iu.,  clxxii.  276  ;  lilumeuthal,  Deut.  chem.  Ges. 
Ber.,  vii.  J092).  Acenaplithylene  crystallizes  from  alcohol,  in 
which  it  is  readily  soluble,  in  lar«^e  yellow  lustrous  plates;  it 
melts  at  about  93^  ('9y'''4  <iihI  boils  at  26-,° — 275*^  (509° — 
527^^  F.),  l)ut  is  partially  decomposed.  It  furnishes  a  compound 
with  trinitrophenol  difficultly  soluble  in  cold  alcohol,  and 
crystallizing  in  dark  y fallow  needles,  which  melt  at  202°  (395^*6  F.). 
Acenaphthylene  is  readily  reconverted  into  acenaphthene  by 
treating  its  alcoholic  solution  with  sodium  amalgam  ;  it  is  con- 
verted into  oaphthalic  acid,  CiqH0(COOH)3,  on  oxidation.  Ace- 
naphthylene  combines  with  at  most  two  atoms  of  bromiue^ 

/CHBr 

forming  the  compound^  ^vfigK   '       *  which  crystallizes  in 

NCHlJr  • 

white    needles   melting  at   122°    (2f^i^'6   F.)  ;    this  furnishes 
naphthalic  acid  ou  oxidation,  and  by  the  action  of  an  alcoholic 
solution  of  potassic  hydrate^  it  is  converted  into  bromaeenaph- 
/CH 

ihylene,  C^gH^  \  !!    .    By  treating  this  bromaceuaphthylene  with 
^CBr 

bromine^  the  dibromo-derivative,  Ci^H-Br  ;^  ||      is  produced. 

\CBr 


(1383)     DlFHENYL£N£METHAN£    OE    FlUOAENE  ;     C|,H|g  OF 

HXv  '       =  166. — Fluorene  was  discovered   by  Bcrthslot 

in  coal-tar,  and  thus  named  on  account  of  the  beautiful  blue 
fluorescence  which  it  exhibits  ;  it  is  obtained  by  crystallizing  the 
fraction  boiliii-;  between  300°  and  305°  (572°  and  ^81°  F.)  from 
a  mixture  of  alcohol  and  benzene.  Fluorene  crystallizes  in 
colourless  plates,  which  melt  at  i  (23j'^'4  F.),  and  it  boils  at 
about  305°  {.581°  F.)  ;  it  forms  a  comix)und  with  trinitrophenol, 
Cj,H^Q  +  CgH.,(N0.3)3.0H,  crystallizing  from  benzene  in  slender  red 
needles,  which  melt  at  about  81^  (177°*^  F.).  "When  very  care- 
fully treated  with  bromine,  Huoreue  furnishes  a  bromoftuorene 
dibronnde,  Cjjd^hr^  which  crystallizes  in  fine  yellow  silky  needles; 
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tliis  is  very  unstable,  and  is  readily  converted  into  dibromofluorene, 
Cj^H^Br^,  which  cry&tallizes  in  larffc  plates  meltiu«?  at  167° 
(33  2^*6  f  .)•       oxidation,  fluorene  is  couyerted  into  a  diphenylenc' 

ketone,  COC    I     ,   identical  with  that   obtained  by  fittig 

from  pheuauthrcue  (Barbier,  Compt.  Rend.,  Ixxvii.  452;  Ixxix. 

;  Ixxx.  1396). 

DiphenyUnemetliane  was  obtained  by  Fittig  by  distilling 
diphenyleneketonc  from  plicuunthrene  with  zinc  dust,  and  by 
Graebe  by  passing  the  vapour  of  diphenylmethane  through  a  red- 
hot  tube  ;  the  substances  thus  prepared  are  identical,  but  do  not 
agree  in  all  respects  with  Barbier's  fluorene  (Gnebe,  Ann.  Chern. 
Pharm.,  dxxiv.  194) ;  probably,  however,  the  difference  is  due  to 
the  presence  of  small  quantities  of  impurity. 

a-DipHBNTi.iTaYi.BNB  OB  Stilbbnb  ;  7\iluylene:   Cj^Hj^i  or 

II  — ^This  hydrocarbon  was  first  discoTered  by  Laurent 

Cli.CJL 

D  5 

in  1843  amongst  the  'products  of  the  dry  distillation  of  thiobenzoic 
aldehyde,  C-lL.CSll,  and  from  its  silkv  lustre  was  named  stdhene 
((tt/A/S^,  to  shine).  It  is,  however^  Ui  more  readily  prepared 
by  the  following  methods : 

1.  By  passing  dibensyl  or  toluene  tbrongh  a  led-hot  tube,  or  better  over 
bested  plumbic  oxide  (Dorp,  Deut.  cJiem.  Ges.  Ber.,  vi.  754;  Lorenz,  ilif/. 

vii.  1096;  viii  1455).  Tlie  anidunt  of  ntilbene  obtained  when  toluene  and 
plumbic  oxide  are  »'Uiployed  is  equal  to  about  16  or  18  per  cent,  of  the  toluene; 
dipheiivl,  ditolyl,  plienanthrene  and  anlliracene  are  also  produced  at  the  same  tinxe. 

2.  By  diatUling  bmivflio  eulpbide  (C,H.  C  H,),S.  Toluene^  dibeniiy],  ben. 
zylio  sulphjdrate,  tolallylic  sulphide,  C\,H,^s,  and  thionafsal,  C^H^S,  are  also 
formed,  and  the  amount  of  stilbene  produced  is  equal  to  about  10  per  cent,  of 
the  weight  of  benzylic  cliluride  employed  in  the  preparation  of  the  aulphide 
(Fort»t.,  Ann.  Chem.  Phann.  clxxviii.  370). 

3.  By  tbe  distOktioii  of  pure  /S-diphenyhnonoolilorrtbaiie  (p.  362),  whieb 
epiite  np  ibarply  into  stilbene  and  hydrooblorieeeid. 

4.  By  the  action  of  sodium  on  (0-2)  dichlorotolaene  (Limpricht);  and  by 
distilling  a  mixture  of  baric  phenylacetate  or  dibonzyl  with  sulphur  (Radziszewekiy 
Deut.  rhon.  Ges.  Ber.,  vi.  390;  viii.  758;  Forst,  loc.  cU.)i  it  is  also  focmed 
in  nuuicrouii  other  reactions. 

Stilbene  crystallizes  in  colourless  nacreous  monoelinic  plates^ 
which  may  be  obtained  of  large  size  by  the  spontaneous  eYapora* 
tion  of  an  ethereal  solution  of  the  hydrocarbon ;  it  melts  at  120^ 
(048^  P0>  A^u^  3^^^  (582^*8  F.).    It  is  reconverted 

into  dibenzyl,  ^14^14*  ^7  heating  with  concentrated  hydriodic 
add  to  150*^  (302^  F.) ;  on  oxidation^  it  yields  benzoic  iddehyde 
and  benzoic  acid  (Zincke,  ibid,  vr,  839) : 
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c,H,.ciiziCH.c,Hj  +  o,  =  2Cji-.roir. 

Stilb<.>ne.  Benzoic  aldehyde. 

Stilbenc  unites  with  bromine  forming  stilbene  dibromide  (p.  36  j), 
CfHj.CHBr.CHBr.C^H.,  which  crystallizes  in  small  silky  needles 
melting  at  about  233°  (451^*4  F.)  ;  when  this  substance  is  heated 
to  130°  (266°  F.)  with  an  alcoholic  solution  of  potassic  hydrate,  it 
is  converted  into  bromostilbene  (m.p.  %^  C),  C^Hj.CHZlCBr.CjH., 
wbich  combines  with  bromine,  forming  crystalline  ifilfromodidengyl 
(m.p.  about  100''  C.)>  CcU(.CUBr.Cfir,.CfH«. 

Nitio-deriTatWei  have  not  been  prepared  in  a  pore  efceto  ftom  ttilbene,  Iwi 

by  the  action  of  an  alcohoUo  aolotion  of  pota^isic  hydrate  on  paranitrobenzylie 
chloride,  CgII^(NOj).CH.jCI,  Strakosch  has  obtained  a  paradinitroHtilbene, 
C,^H,  (NO,)^  (ibid,  vu  328).  It  forme  brilliant  jellow  or^stale,  which  melt 
above  230"  (536'  F.), 

/3-DlPBBNTLITHYLBNE    OB   IsOSTILBBNK  :    B./^~C{Cfl^),,. — 

This  isomeride  of  stilbene,  discovered  by  IIcpp  {ibid,  vii, 
1409),  is  very  readily  prepared  by  boiling  /3-dipheuylmono- 
cMorethane  (p.  362),  CH,Cl.CH(CgIL)2,  with  an  alcoholic  solu- 
tion of  potassic  hydrate.  It  is  a  colourless  strongly  refiracting 
oil,  wbidi  boib  at  277^  (530^*6  ¥.),  and  by  oxidation  yields 
bensopbenone,  CO(C,H|),.  Its  behaTiour  with  bromine  is 
characteristic.  In  solutbn  in  carbonic  bisulphide  the  two  unite, 
doubtless  to  form  /3-diphenyldibromethane,  CH^r.CBr(CoH,)^, 
but  aftser  a  short  time  hydrobromic  acid  is  evolved,  and  /3-diphenyi- 
monobromethylene,  CHBrlzC(C^H^2,is  obtained.  This  crystal- 
lizes in  large  prisms,  whidi  melt  at  50^  (122**  F.) ;  it  does  not 
combine  with  bronune^  and  is  scarcely  a^cted  by  oxidisiog 
agents. 

A  ^Dij}henylJir/tlvret/i^lc>ic,CC\^ZlC{C^}i^)^,  identical  with  that  formed  by 
the  action  of  alkoUea  on  /3-diphen^  Itrichlorethane  (p.  362),  or  by  diiitiliing  the 
latter,  is  obtained  by  dilorinating  well  cooled  3-diphenylethylene  (Hepp) ;  it  is 
a  crystalline  vubstance,  which  melts  at  80°  (176"  F.).  An  isomeric  body, 
CH_^C(CjH^C'l)j,  ia  produced  by  distillin<^' the  3-dimonochlorophenylmonoclilor- 
ethane,  prepared  by  Baeyer'a  process  from  nionochloraldehyde  and  chlorobenzene  ; 
it  ii  a  oolourlcKs  oil, boiling  at  280®— 285°  (536' — 545" F.)  (Hepp).  ^-Diphenifl- 
dihromeikjflenet  CBr^C(C\H^),,  obteined  by  the  action  of  alkaliee  on  ^-diphenyl- 
tribromethane  (p.  362),  is  aeryMUllineeobstuioe  which  melts  at  83^  (181**4 1^0  S 
it  does  not  combine  with  bronune  even  when  heated  with  it  to  140*  (284°  F.) 
(Qoldsohmidt,  ibid,  n,  987). 

(1384)  Htdbocabbons  :  C„Hj,=  i8o. — IHkjfdroanthraeem :  C,,H,^  is 

formed  by  boiling  an  alcoholic  eolation  of  anthracene  with  srxlium  amaI;^Mra,  or 
by  heating  anthracene  with  hydriodic  acid  solution  to  150°  (302°  F.)  for  ten 
hours.  It  crystallizes  in  monoclinic  plates  very  similar  to  naphthalene  in 
appearance,  which  malt  at  106**  (222''-8  F.) ;  it  boils  at  305°  (581°  F.).  Di- 
hydroantfaraoene  is  reconyerted  into  anthracene  by  b<Hling  with  sulph  ario  add  or  by 
fumag  itt  Tapour  through  s  led-hot  tobe  (Gnebe  and  Idebemunn,  Aim,  Glam. 
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Pkarm.  Suppl.,  vii.  265).  It  ia  very  readily  oxidized  and  converted  into  anthi-nijui- 
noQe,    H,0,,  and  on  trMtmont  witik  bromme  it  yields  dilMrommthnoene,  C^^H ,  Br^ 

(1385)  HoMOLoouEs  OF  Stilbbnb. — ^The  j3-diphenylmonochlor- 
ethane  prepared  by  Baeycr's  process  from  monochloraldehyde 
and  beniene  (p.  362),  it  will  be  remembered,  is  converted  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  into  /3-diphenyi- 
ethylene  or  isostilbene,  thus  : 

CH,Cl.CH(C^Ujj  +  KIIO  =  CH  — C(C4Hj)^  +  KCl  +  011^. 

In  this  compound  both  CJR^  groups  must  be  supposed  to  be  at- 
tached to  the  9ame  carbon  atom,  since  it  yields  benzophenone, 
C0(CgH.^2i  when  oxidized.  But  by  splitting  off  the  elements 
of  hydrochloric  acid,  by  submitting  the  compound  to  dry  distilla- 
tion instead  of  to  the  action  of  an  alkali,  a-diphenylethylene  or 
stilbene  is  formed,  so  that  in  this  case  a  remarkable  isomeric 
chan^  takes  place,  for  its  behaviour  on  oxidation  shows  that  the 
two  CgHg  groups  in  stilbene  are  attached  to  different  carbon 
atoms  : 

CHgCl.CH(CeH,),  =  C,H..CH— CH.C,H,  +  HCL 

'When  the  homologues  of  j3-diphenylmonochlorethane,  prepared 
from  the  homologues  of  benzene  and  monochloraldehyde,  are 
similarly  treated,  they  furnish  a  series  of  homologues  of 
isostilbene,  but  all  do  not  yield  homologues  of  stilbene. 
Thus  the  chlorinated  hydrocarbons  prepared  with  the  aid  of 
toluene  and  ethylbensene  are  entirely  converted  into  dimethyl- 
and  diethylstilbene  on  distillation,  but  paraxylene,  C^H^  (CH,)„ 
and   mouochloraldehyde   furnish  a    chlorinated  hydrocarbon, 

CHja.CH|^«||^|^[|^|-,  which  yields  a  mixture  of  a  tetrame- 

thylstilbenc  melting  at  I57°(3i4°*6  F.)  and  a  liquid  tctrametliyl- 
isostill)euc;  the  same  is  the  case  witli  that  derived  from  me- 
taxylene.  The  chlorinated  hydrocarbon  ol)taincd  from  mesity- 
lene,  however,  appears  to  yield  only  the  isostilbene  liomolojrue  on 
distillation;  and  it  lias  already  l)cen  ])oint(  d  out  that  tlie  ehlorinatcd 
hydrocarbon  from  monochloraldehyde  and  chlorobcnzenc  does 
not  yield  a  stilbene,  but  an  isostilbene  derivative  on  distillation 
(llepp,  loc.  cii.). 

The  methylated  homolop:nes  of  stilbene  all  form  additive 
compounds  with  bromine,  and  hydrobromie  acid  is  not  evolved 
when  they  are  brought  in  contact  with  bromine  in  carbonic 
bisulphide  solution.  When,  however,  bromine  is  added  to  solu- 
tions of  the  homologues  of  isostilbene  in  carbonic  bisulphide. 
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although  at  first  the  hromtne  enters  into  nnion  with  the  hydro- 
carbons, hydrobromic  acid  is  yery  soon  evolved^  and  substitutiou 
deriTatives  are  obtained. 

The  homologues  of  stilbeiie  and  isostilbcnc  are  also  charac- 
terieed  and  distiugnislu  d  by  tlieir  beliaviour  on  oxidation.  Thus 
dimcthvlstilbcne,  CgII,(Cli,;).IIC_CH.C,I I^(CIl3),  yields  para- 
totuic  acid,  ('^{^(Cllgj.COOII,  on  oxidation  with  nitric  acid, 
and  ttrcphthalic  add,  Cgll^lCOOII)^,  when  submitted  to  the 
action   of  chromic    acid  mixture;    whilst  dimethylisostilbcnc, 

Dicthylstilbeiie  also  yields  tereplithalic  a(  id.  On  oxidizing  tJiC 
tetramethyl^tilhenc  prei)arcd  with  the  aid  of  nietaxylcnc,  add, 
(l).  2<S8J  C,H,(CH,),.COOH  (COOH  ;  CH,  :  CH,  =  i  :  2  :  4)  is 
produced. 

Dieimmmtm  or  JH^yroUnfs  C„H,^— By  hestbg  cinnamene,  C,H,,  with 

hydrochlori)-  acid  to  170*  (338*  P.),  it  is  converted  into  an  oily  liquid  which  is 
nut  rec<)n\  iitt  d  into  cinnaiiiene  on  distillation,  but  unitt-s  wttli  brnmino  to  form 
the  compc)und  C',jIIj^l!r,  (Krltnmeyer,  Ann.  Cluin.  Fluo-m.,  cxxxv,  122). 
A  polymt'ride  of  cmnauuut'  to  which  Englcr  and  Ltist  (^Ueut.  rkem, 
00$,  Ber.,  Ti.  256)a«»ign  thofoitnola  Cj,H^,  is  formed  in  considerable  quantity 
when  calcic  cinnamate  ia  itahmitted  to  destnietife  distillatiini.  It  crystallizea  in 
plates  which  melt  at  117"  (242°-6  F.). 

Sexahudropyrcuc  :  C,.H,.. — Pyrcne  is  not  acted  on  by  sodium  amaliram.but 
when  heated  with  h^driodic  acid  and  amorphous  phosphorus  to  about  200' 
(392''  F.)  it  takes  op  hydrogen  and  is  converted  into  a  mixture  of  hydrides, 
ftmn  wliwli  the  hydrocarbon  C^JI^,  may  be  eitracted  by  carefnl  ftaoiional  crys- 
tallisation from  alcohol.  It  forms  colourless  needles  or  prisms,  which  melt  at 
127*  (26o*'-6  F.).  At  a  licit  it  is  resolved  into  pyreno  and  hydrogen 
(Gnebe,  Ann,  Ckem,  Fharm,,  civiii.  285). 


App'Enpix  to  (1363). — A  homolof^ue  of  phenylact  t vli-nc  lias  recently  been 
prepared  hy  Morgan  {Journ.  Chen*.  Soc,  1S76,  vol.  i.  p.  162)  by  heating 
sodiom  phenylacetylene  with  ethylic  iodide  in  sealed  tubes  to  130^—140' 
(348"— 984'*  F.).  Ethylphenylacetiflene,  C,H,.C5^.C,H,.  is  a  colourless 
highly  refractive  liquid,  which  boils  at  about  202°  (395*''6  F.) ;  it  combines 
immpfliately  with  brnmine,  and  also  with  hydrobromic  acid  when  he;ited  with  a 
saturated  solution  for  a  few  hourn  ut  150^  (3^2*^  F.).     In  his  paper  Morgan 
status  that  a  very  poor  yield  of  phenylacetylene  is  obtained  by  heating  phenyl- 
diehlorethane  with  potMsic'hydrate,  bnt  that  a  &ir  amount  of  the  hydrocarbon 
in  produced  by  distilling  it  through  a  glass  tube  containing  soda-lime,  and  hoat<  d 
a  little  below  redness ;  tins  observation  is  of  interest  as  it  serves  to  explain  the 
discn'p;incy  point^-d  out  in  the  foot  note,  p.  344. 

APPKliDiX  To(i377). — Methjfldiphenj/iyjiparatol^l^thent/l:  CJI^.C,H^.CH^ 
the  isomeride  of  diphenylmcthane^  ia  the  product  of  the  action  of  sodium 
on  a  mixture  of  bKomobenseiM  and  porabromotoluene  (Camelly,  ihid,  p.  13). 
It  is  a  coknttlees  refractive  liquid*  which  boils  at  about  265°  (509°  F.) ;  it 
becomes  solid  in  a  freezing  mixttire,  and  mflts  at  about  —  2^  (-8  '4  ^'•).  When 
oxidized,  it  is  converted  into  par  tjJienylbenitoic  acid,  CjHj.C^ll^.COOU.  Itfur- 
ninhes  two  isomeric  monuuiti'O'derivatives  on  nitratiuu. 
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§  XI.  Htdaocabbons  or  thb  C2H2q_i8  or  Anth&acbnb  Sbribs. 

(1386)  The  most  important  member  of  the  aeries  is  that 
which  gives  it  ita  name— vis.j  anthracene.  At  preaent  the  seriea 
indadea  the  following  hydrocarbons : 


Anthraoeoe  . 


•    •  • 


CJB^^  Fhaumthreoe  .    .  . 

Tolane  ..... 

C„H„  IfeUijlaiiUinoeDe  .  . 

(  Dimethyltolane  .    .  . 
{  BimflOiylMithTaoeiM  (P) 
Betene  


C,H,.CH 


C.C.H, 


c.c,H,.cir, 


o 

213 

96^ 

200° 

136' 

300** 


360' 


340 


There  are  no  general  methods  for  the  formation  of  hydrocarbons 
of  this  series,  but  tolane  and  its  homoloj^ues  may  be  prepared 
from  stilbene  and  its  homolognes  by  coni])iniug  them  with  a 
molecule  of  broiniiie  ami  eHminating  hydrobromic  acid  by  acting 
oil  the  product  with  au  alkaline  hydrate  j  thus  :* 

8tUlMIM( 


(1387)  Anthracene:  Ci^H^q  s  178. —  This  hydrocarbon, 
which  was  formerly  called  Paranaphthalene,  was  discovered  in  1832 
by  Dumas  and  Laurent  amongst  the  products  of  the  destructive 
distillation  of  coal,  and  was  subsequently  examined  by  Laurent, 
by  Frit2a<^e,  and  by  Anderson ;  Fritzsche's  phoiene  being  reaDy 
pure  anthracene.  Since  Gnebe  and  Liebermann's  discovery  that 
alizarin  was  an  anthracene  derivativej  it  has  attracted  the  atten- 
tion of  chemists,  and  has  been  the  subject  of  numerous  and  ex- 
tended investigations. 
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Antlnraoeiie  Besides  lieiug  obtained  from  ooal-tarj  is  fbnned  in 
a  great  variety  of  readtions  taking  place  at  high  temperatures.  Tbxnn 
it  is  obtained  when  a  mixtrurc  of  ethylene  with  benzene,  diphenyl, 
or  chrysene,  CjgH^g'  benzene  with  cinnamene  or  naphtha- 

lene, is  passed  through  a  red-hot  tube  (Borthclot)  j  anthraceuc 
is  not  the  ouly  product  of  these  rt  actioiis,  liowever. 

When  the  beuzyltoluene  prepared  by  Ziiukc's  method  is 
passed  over  heated  plumbic  oxide,  it  yields  antliraceue  in  consi- 
derable quantity,  bat  since  it  cannot  be  obtained  from  pure  para- 
benzyltolueue,  wliich  is  not  altered  by  a  red-heat  (p.  362),  there 
is  no  doubt  that  it  is  formed  from  the  /3-  or  orthobcnzyltoluenc 
which  accompanies  the  former  in  the  product  of  the  action  of 
zinc  on  a  mixture  of  toluene  and  benzyl ic  chloride.  The  liquid 
or  /3-t()lylphenylketone,  formed  together  with  a-  or  puratolyl- 
phciiylkctone  by  oxidizing  crude  benzyltolucne,  also  fiirnishes 
anthracene  when  passed  over  heated  zinc  du^t  (Behr  and  Doxy, 
Deut,  chem.  Get,  Bar,,  y.  1070 ;  vi.  754;  vii.  16)  : 

Ortkotwiugrltoluene.  Anthncene. 

CuH^^O  +  Zn  =  CjJIjo  +  ZnO  +  H,. 

OrtkotolytpheayllcetoiM.  AnthnooM. 

The  formation  of  anthracene  which  takes  place  when  toluene  is 
passed  through  a  red-hot  tube,  or  over  heated  plumbic  oxide,  is 
doubtless  due  to  the  production  of  beuzyltoluene:  sC^Hg  = 
^u^u  +  which  by  further  loss  of  hydrogen  is  oonvorted 
iito  anthracene  (Dorp^  ibid.  v.  107a). 

When  aliaarin  is  distilled  with  tine  dust^  which  is  a  mixture 
of  sine,  sincic  oxide,  and  aincic  hydrate,  it  is  couTerted  into 
anthracene,  the  necessary  hydrogen  being  probably  derived  from 
the  ainde  hydratei(Gi«ebe  and  Liebermann,  ibid,  i.  49)  : 

CuHgO^  +  4Zn  -i-  H,  =  Cj.Hj^  +  4ZnO. 

Attwia.  AnthrMfWHi 

Purpurin  and  the  so-called  mfigaliic  and  frangulic  acids  also 

yield  anthracene  when  thus  treated. 

Lastly,  anthracene  is  amongst  the  substances  isolated  by  dis- 
tillation from  the  product  of  the  action  of  zinc  on  a  mixture  of 
toluene  and  benzylic  chloride  (Weber  and  Ziiu  ke,  i/mi.  vii.  1153), 
and  it  is  also  obtained  together  with  beuzyltoluene  and  substances 
of  very  high  boiling-point  when  benzylic  chloride  is  heated 
with  water  in  sealed  tubes  to  200°  (392°  F.),  and  the  product 
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distilled  (LioApriclit,  Afm.  Chem,  Pharm,,  csudz.  303 ;  Dorp^  Dtui. 
ehem,  Ges,  Bar,,  t.  1070 ;  Zincke,  ibid,  Tii.  276). 

In  neither  of  these  cases  is  anthracene  a  direct  product,  bat  it  is  fonned  bj 
die  ii|litting  up  of  mom  oomplts  hj^Mearboiw  wider  tiie  inflticnee  of  heat 
Wb«n  a  mixtare  of  tolneue  and  bensylie  chlorido  is  heated  with  wte,  a  nomber 

of  boii/yltolucnes  are  produced  (fee  benzyl-  and  dilienzyltoluene),  one  or  more 
('.,11  .('Hj  <,'rouj)s  Wing  introduced  in  j^l  tto  of  liydro^en  in  tlie  C.If  croup  of 
toluiiif.  In  the  f  iruiation  of  these  iHidics,  lK)th  the  toluene  niul  the  beiizylic 
chloride  take  part,  but  a  secoud  set  of  hydrocarbons  of  the  composition  /iC'^H, 
(SSnoke,  Ann,  Ck^n.  Pkarm,,  eliz.  368)  aie  fi>nned  from  the  beniylio  ehloride 
alone,  and  are  the  result  of  the  removal  of  n  moleculee  of  hjdrochlorio  actd  from 
n  molecules  of  henzylic  chloride;  these  substanci's,  however,  are  decomposed  on 
distillation,  yieldiiii,''  anthr.irptie  and  other  products,  and  there  is  reason  to  believe 
that  anthracene  ih  not  present  in  coal-tar,  but  Uiat  it  is  iu  a  similar  manner 
formed  on  distilling  the  tar  by  the  decompoiiitioii  of  more  oomplex  hydrocarbone 
(Zineke).  When  bensylio  ehloride  is  heated  with  water,  the  fint  action  which  takea 
plaoe  ia  that  represented  bj  the  eqoation  x 

C^H,.Cii,Cl  +  C,H^CH,C1  =  HCl  +  C,1I,.CH,.C,II,.CH,CL 

The  product  of  this  reaction  may  then  either  lose  HCl,  or  may  react  upon  another 
molecule  of  henzylic  chloride,  tbrminfj  the  chloride  CjjH.,/'l.  which  in  tuni  may 
under'^o  alteration  in  a  similar  manner.  In  this  way,  hyiirooarbons  of  tlie  com- 
position «C, 1 1,,  and  chlorinated  compounds,  such  -dn  Cj^li^^Cl,  ^^H^^Cl,  C.^H^Cl, 
3tc,  may  be  prodnoed,  and  by  the  action  of  water  on  the  latter,  small  quantities 
of  oxygenated  bodies  are  also  formed,  the  molecular  weights  of  the  prodarts 
being  greater  the  longer  the  heating  is  continued.  The  product  of  the  action  of 
water  on  henzylic  chloride  is  therei'ore  extremely  complex  :  it  does  not  contain 
benzyltoluene  nor  anthracene,  however ;  but  on  submitting  it  to  distillation, 
water,  hydrochloric  acid,  benzylic  chloride,  benzyltoluene,  and  riseid  hydrocarbons 
—which  on  farther  heating  yield  anthracene  and  tolaene— «rtt  obtained. 

Authracene  is  now  manufactured  on  a  larj;:e  scale  from  the 
higher  boiling  portions  obtained  in  the  distillation  of  ooal-tar, 
which  when  allowed  to  stand  for  some  time  at  a  low  tempera- 
ture deposit  the  impure  substance  in  the  solid  state.  It  is 
fireed  from  the  liquid  portions  hy  means  of  a  centrifugal 
machine  and  hydraulic  pressure^  and  purified  repeated  treat- 
ment with  boiUng  petroleum  or  light  coal  oil,  or  by  snbHma* 
tion  in  a  current  of  air,  or  of  superheated  steam.  It  still,  how- 
ever, retains  small  .quantities  of  impurities  which  may  be 
removed  by  exposing  it  to  sunshine  until  colourless,  and  then 
boiling  it  with  an  alcoholic  solution  of  trinitrophenol  or  picric 
acid  to  remove  traces  of  a  more  soluble  hydrocarbon  of  higher 
boiling-point.  It  should  finally  be  crystallised  firom  boiling 
alcohoL  This  method  has  the  disadvantage,  however,  that  by  the 
exposure  to  light  small  quantities  of  paranthzacene  are  produced. 
Pcrkin  {private  eommunieatum)  recommends  the  following  mode 
of  treatment.    Crude  anthracene  is  first  thoroughly  wa^ihed  viitU 
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petroleum  spirit  and  dried.  It  is  then  distilled  with  about  one* 
third  of  its  weight  of  solid  potassic  hydrate ;  this  combines 
with  the  carbazol,  and  also  causes  many  of  the  impurities  to 
carbonize.  The  distilled  product  is  then  ground  up  with 
several  times  its  bulk  of  carbonic  bisulphide,  thrown  on  a  filter, 
and  washed  with  firesh  bisulphide;  it  is  then  dried  and  crystal- 
lised two  or  three  times  from  benzene.  The  first  half  of  the 
distillate  generally  yields  the  best  product  to  work  with,  as  it  is 
more  readily  purified  than  the  latter  portions. 

When  quite  pure,  anthracene  crystallises  in  colourless,  well 
defined,  monodinic  plates,  which  exhibit  a  beautiful  Tiolet  fiuore- 
scence.  It  melts  at  213°  (4ij°'4  F  )>  and  distils  unchanged  at 
about  360**  (680^  P.).  It  is  insoluble  in  water,  slightly  soluble  in 
alcohol^  but  more  readily  in  benzene.  When  it  is  dissolved  to* 
gether  with  trinitrophenol  in  boiling  benzene,  deep  ruby-red 
crystals  of  the  compound  C,^Hjp  +  CgH2(NO^)3.0H,  are  formed ; 
this  is  decomposed  into  its  components  hy  water  and  alcohol. 

Oxidizing  agents  convert  anthracene  into  anthraquinone, 
Cj^HjjO,,  whilst  hytlriodic  acid  \)TO(\ucen  fiihtjdroant/tracene,  C•^^\l^2 
(1384)  and  hexahydroant/iraccne  C^^ll^^  ('37-2) ;  or  at  280^,  536'  K.), 
if  the  acid  is  very  cuncentrated  and  in  huge  excess,  vai  ions  mem- 
bers of  the  paratlin  series  are  obtained,  amongst  which  are  tetra- 
deeane,  heptane,  he&ane,  and  ethane,  also  benzene  and  toluene 
(Berthelot). 

Bv  the  action  of  nitric  acid,  anthracene  is  converted  into 
anthraquinone  and  nitru-derivutivcs  of  the  latter,  and  all  at- 
tempts to  obtain  uitro-derivutivcs  of  anthracene  have  been  un- 
snccessful  (Schmidt,  Journ.  pr.  Chem.  [2],  ix.  241).  By  careful 
treatment  with  sulphuric  acid  it  may  be  made  to  furnish  a  mix- 
ture of  two  isomeric  anthracenewlphomc  acids,  Cj^Hj^.SO^lI 
(Linke,  Und,  [i],  zi.  222) ;  but  theie  is  a  great  tendency  to  form 
viscid  carbonized  products. 

(1388)  Action  of  Chhrhte  and  Bromme  on  Anthracene. — The 
first  action  of  these  halogens  oa.anthracrae  is  to  form  additive 
compouuds,wbieh,  however,  are  very easih  resolved  into  haloid  acid 
and  haloid  substitution  derivatives  $  the  bromine  compounds,  in 
fact,  are  so  unstable  that  they  cannot  be  isolated.  The  haloid 
derivatives  combine  with  the  halogens  fi^rming  comparatively  stable 
bodies,  but  at  most  four  atoms  of  halogen  unite  with  a  molecule 
of  the  haloid  derivative. 

Anthracene  dichli^ride,  C,^Hj|jCl,,.  is  formed  when  chlorine  is  slowly  passed 
over  authracent:  fur  uot  too  lung  a  tiiue ;  by  beating,  or  by  tlte  actiou  nf  an 
skohoBe  aolotum  of  potaasic  hydrate,  it  b  oonverted  into  monochlonnUknew^, 
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Cj^H^Cl  (Anderson) ;  little  is  known  of  eitJier  of  these  bodies.  Vichloranthra- 
fe^f,  CjJI^rl„,  is  prepared  by  heatin]^  the  hydrocarbon  at  lOO**  (21 2°  F.)  in 
chlorine,  or.according  to  Perkin  {Journ.  Chim.  Soc,  xxiv.  14),  by  paxsing  chlorine 
over  benxene  holding  in  •olatioD  about  oiie*fifth  of  its  weight  of  anthracene 
until  the  maa*  beoome«  paaty.  The  crude  product  is  pressed,  distilled,  and  then 
repeatedly  crystallized  from  benzene.  It  forms  golden-yellow  si,alis  which  melt 
at  205'^  (401°  F.),  and  are  spanrt<,'1y  Holuble  in  alcohol  or  ether,  but  easily  in 
benzene;  on  oxidation  it  yields*  anthraquinone.  Tetrachluranthracene,  Cj^H^CI^, 
forms  stellate  groups  of  golden-yellow  needles,  which  melt  at  220"  (428"  F.). 
It  ia  prepared  by  paastng  ehlorine  over  anthraoene  heated  to  about  1 80*^  (356*^  F.)» 
treating  the  resulting  cora2M)und  (doubtleiM  dichloranthracene  tetrachloride, 
('  jr/'l,)  with  an  alcoholic  solution  of  pnt;\ssic  liydrnte,  and  crystallizing  the 
pmduL't  from  benzene.  It  yields  dichluraiithraquinoue  when  oxidised  (Grrebo 
and  Lieberniaan,  Ann.  Cketn.  Jt^Aarm.  i>uppL,  vii.  283). 

Mom^nmtaUkraeeng  baa  not  been  obtained.  When  bromine  ia  added  to  a 
solution  of  anthracene  in  carbonic  bisulphide,  however  amall  the  quantity  of 
bromine  taken,  dibromnnthracene  is  always  produced  ;  more  or  less  anthracene 
remaininsr  unaltered.  Dihromanf/irarene,  C,JljBr,,  forms  u^olden-yellow  ner-dles, 
which  melt  at  221''  (429''  8  F.) ;  when  it  is  heated  with  an  alatliulie  bolution  of 
potasaic  hydrate  to  170°  (338°  F.)  it  ia  reconverted  into  anthracene;  oxidizing 
agenta  transform  it  into  anthraquinone.  Bromine  ia  without  aetion  on  dibrom- 
anthracene  dissolved  in  carbonic  bisulphide,  but  when  the  dry  substance  is  placed 
under  a  bell  jar  with  an  open  vessel  C9ntaining  bromine,  it  is  converted  into 
Dihromautli raceue  ir( ruliromide,  Cj^H^Ur^.  This  crystallizes  in  thick  colourless 
plates,  blightiy  soluble  iu  alcohol  and  ether,  more  readily  in  boiling  benzene.  It 
melta  between  170"  and  180°  (338**  and  356*  F.)*  but  ia  decomposed  and  con- 
verted into  tfibromantkraoeme,  C^fljBr^  hydrobromic  acid  and  bromine;  hf 
heatinijr  with  an  alcoholic  solution  of  potassic  hydrate,  however,  it  furnishes 
ietrahrvntanthracene,  Cj^H,Br4.  Tribromanthracene  crystallizes  in  yellow- 
needles,  melting  at  1^9°  (336°'2  F.),  whilst  tetrabromanthracene,  which  clot*ely 
resembles  it,  melts  at  254°  (489°' 2  F.).  Tribromanthracene  is  easily  soluble  in 
benzene,  which  diaaolvea  di-  and  tetrabromanthracene  with  difficulty ;  it  fiwina  a 
tetrabromide  with  bromine,  C,,HyBry«  When  oxidized,  tribromanthracene  yielda 
brntnatitliraquinone,  and  tetrabromanthracene  is  converted  into  dibromantbraqui- 
none  (Urmbe  and  Liebmnann,  loe,  eit,,  274-282). 

(1389)  ConstiMUm  <^  Antkraeene  4md  U$  Derhaiwe$,^'£h9 
following  symbol  is  that  which  best  enables  ns  to  represent  tbe 
formation  of  anthraoene  and  its'  behavionr  under  ▼arioos  circum- 
stancesj  that  of  anthraquinone  being  also  given  since  it  is  im- 
possible to  discuss  the  constitution  of  anthracene  without  consi- 
dering that  of  anthraquinone: 

H  H  H  H 

y\  H  y\      /\  /\ 

HC  C— C— C         CH        HC  C— C— C  CH 

11     Ml     \       \     I    I  II 

HC  C— 0-0         OH        HC  C— O— C  CH 

H  H  H  H 

AoUusqainone* 
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AnthiBoene,  it  will  be  teea,  k  represeated  as  formed  from  two 
bensene  molecules,  which  are  not  directly  uiiited  but  are  linked 
together  as  it  were  by  two  atoms  of  carbon ;  each  of  the  latter 
b^g  united  to  the  other  by  one  of  its  afliaitiea,  as  wdl  as  to  an 
atom  of  hydrogen,  and  by  the  two  remaining  affinities  to  each  of 
the  groups.  The  tetrad  C^H,  group  which  thos  links  together 
the  two  groups  is  represented  as  displacing  two  atoms  of  hydro- 
gen in  each  molecule  of  bensene  which  are  in  the  orthoposition 
relatively  to  each  other,  for  it  will  be  remembered,  anthracene  is 
not  obtained  from  parabensyltoluene  (p.  362),  but  from  the 
isomeride  formed  together  with  it,  which  there  is  good  reason 
to  believe  is  orMobcnzyltoluene.  Altliough,  however,  its  for- 
mation from  orthobenzyltolucnc  proves  that  iu  the  one 
group  two  atoms  of  liydrogeu  arc  (lispUir(  tl  which  are  in  the 
ortho-position  relatively  to  each  other,  it  does  not  in  any  way 
necessitate  the  assumption  that  this  is  the  case  with  regard  to  the 
second  group,  nor  is  there  any  evidence  at  present  to  prove 
this  ;  analogy  alone  leads  us  to  believe  that  in  all  probability  it 
is  so. 

In  the  conversion  of  anthracene  into  antliraquinone,  the  two 
atoms  of  carbon  which  link  together  the  two  C^,  groups  become 
disunited,  and  each  combines  by  two  of  its  allinities  with  an 
atom  of  oxygen.  That  these  two  central  atoms  of  carbon,  as 
they  may  be  termed,  are  affected,  is  proved  by  the  formation  of 
anthraquiuone  when  a  mixture  of  phthalic  chloride  and  benzene 
is  heated  with  metallic  line  (Piccardj  Deui.  chem.  Ges.  Ber,, 
▼ii.  1785) : 


and  by  the  formation  of  phthalic  acid  in  large  quantity  when 
anthraqninone  is  heated  with  sulphuric  acid  to  270°  (518°  F.)..  the 
reaction  being  probably  represented  by  the  equation  (Weith  and 
Bindschedler,  Und,  viL  1106) : 


Sulphiiris  aoM.  Vhtiialifl  aoM.  BtttMnedlwili 


Anthraqninone  is  also  obtained  when  /3-  or  erMotolylphenylketone 
(orthobensoyltolnene)  is  oxidised  (Behr  and  Doip^  ibid,  vii.  18} : 
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1  +  3O  =   I       I     +  aOHji- 

CO.HjC« 

OrtbobMiogrltoliMiM.  AathMqotaMiMi 

The  proof  deriTcd  from  ihe  formation  of  phihalic  acid  from 
aathraquinone,  and  vice  vend,  that  the  two  CO  groups  in  an- 
thriujuinone  are  associated  in  the  onB  group  with  oonti- 
guons  carbon  atoms  may  be  regarded  also  as  proof  that  the 
beuzyltoluene  formed  together  with  parabensyltoluene,  and  the 
ketone  into  which  it  is  ooni[erted  on  oxidation^  are  really  ortha- 
di-derivatives  of  beuzene. 

It  has  been  stated  above  tliat  dichlor-  and  dibroraantbracene 
furnish  anthraquinonc  on  oxidation  ;  it  therefore  follows  that 
the  first  action  of  the  halogens  on  anthracene  is  to  displace 
the  atoms  of  hydrogen  associated  Avith  tlie  two  central  carlx:)a 
atoms.  When  tetrachlor-  and  tetrabromanthracene  are  oxidized, 
Ijowevcr,  dicldor-  and  dil)romauthra(juinone  are  produced ;  the 
latter  is  also  formed  by  heating  anthraquinonc  with  bromine, 
and  when  it  is  fused  with  potassic  hydrate  it  is  converted  into 
diojcyanthraquinone  or  alizarin  : 

C,^H,Br,0,  +  2KHO  =  Cj^H^COHjgO,  +  aKBr. 

Dibromanlhraqainone.  Alizarin. 

Admitting  that  the  two  atoms  of  bromine  are  directly  displaced, 
and  that  the  CO  groups  in  anthraquinonc  are  associated  in  both 
C,  groups  with  contiguous  carbon  atoms,  this  result  enables  us 
also  to  infer  the  nature  of  tetrabromanthracene:  for  Baeyer 
and  Caro  have  shown  that  alisarin  is  produced  by  the  action  of 
phthalic  anhydride  on  the  or^Aodioxybenxene,  pjfroe^ieMm, 
CjH^  (OH)^,  in  presence  of  sulphuric  add,  and  that  in  a  similar 
manner  ehittigarm,  which  is  an  isomeride  of  alicarin,  may  be 
produced  from  the  |Mrradiozybenzene,  hydrogtdntme  {ibid,  yu.  972). 
The  only  formults  which  can  therefore  be  assigned  to  chiniaarin 
and  alisarin  are  those  represented  by  the  following  symbols : 

11  OH  H  OH 

HC  C— C— C  COH       HC         C— C— C  CH 

Jill       It     I     I  f 

HC  C~0— C  CH         HC  C— C— 0  CH 

\</  ii  V  \y  . 

H  H  OH 
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But  since  the  bromine  atoms  in  dibromanthraquinonc  occupy 
the  same  position  as  the  Oil  groups  in  alizariu  it  follows  that 
two  of  the  bromine  atoms  in  tetrabromanthraccne  displace 
hydrogen  atoms  at  tat  hod  to  tlie  two  central  carbon  atoms, 
whilst  the  remaining  two  displace  liydrogen  atoms  in  the  ortho- 
position  relatively  to  each  otiier  in  one  of  the  groups. 

(1390)  Paranthracene  :  C^^H, — Fritzschc  discovered  that 
light  has  a  most  remarkable  influence  upon  anthracene.  When 
a  cold  saturated  solution  in  benzene  is  exposed  to  simliglit,  small 
microscopic  plates  crystallize  out,  which  have  the  same  comjiosi- 
tiou  as  anthracene,  but  very  didercnt  properties.  Paranthracene 
is  not  only  very  sparingly  soluble^  but  melts  at  244°  (471°' 2  F.), 
or  30^  higher  than  anthracene ;  it  is  reconverted  into  antliracene 
when  fused,  however.  It  er}'stallizes  in  small  pritmatic  crystals^ 
very  different  from  the  plates  in  which  anthracene  is  obtained. 
It  does  not  combine  with  trinitrophenol^  neither  is  it  attacked  by 
bromine  nor  boiling  concentrated  nitric  acid ;  bat  by  the  action 
of  warm  fuming  nitric  acid  it  is  converted  into  anthraquinonc. 
It  also  furnishes  anthraqninone  on  oxidation  by  chromic  acid 
(Schmidt,  Joum*pr,  Chem,  [it],  ix.  247). 

(1391)  PUnanthbbns  :  Ci^Hi^* — ^This  hydrocarbon  is 
ttomeric  with  anthracene,  and,  like  it,  is  found  in  the  higher 
boiling  portions  'of  coal  oil.  It  was  discovered  by  tilaser  {Deut. 
diem,  Ges.  Ber,,  86  x)  in  cmde  anthracene,  and  subseqnently 
examined  by  Gnebe  {Atm,  Chem.  Pharm,,  clxviL  131),  whilst  it 
was  observed  almost  at  the  same  time  by  Ostermayer  and  Fittig 
(Deui,  ekem.  Get.  Ber.,  v.  933,  and  Jnn.  Chem,  Pharm,,  dxyi. 

361). 

Phenanthrene  not  only  exists  in  coal  tar,  bnt  has  also  been 
formed  synthetically  by  passing  the  vapour  of  stilbene  through  a 
•  red-hot tnbe  (Graebe)  :  C^^U^^=C^^}l^^^■^ll^;  very  little  hydrogen 
is  evolved,  however,  but  by  its  action  on  a  portion  of  the  stilbene 
toluene  is  produced:  C,^Hj3  4-2Hj=2CyHg.  In  like  manner, 
when  the  vapour  of  dibenzyl,  Cj^H,pis  heated  to  redness,  stilbene 
is  first  formed,  and  in  part  converted  into  phenanthrene ;  and  it 
may  even  be  produced  in  this  way  from  toluene  (p.  366),  which 
doubtless  furnishes  in  succession  dibenzyl  and  stilbene  before  it 
yields  phenanthrene.  According  to  Barbier  {Dt  ul.  c/icin.  Gcs. 
Btr.,  vii.  1444),  when  a  mixture  of  diphenyl  and  ethylene,  or  of 
benzene  and  cinuamene  is  heated  to  redness,  phenanthrene  is 
produced. 

*      Phenanthrene  may  bo  prepared  from  crude  anthracene  by 
distilliug  it  and  collecting  apart  the  portion  which  comes  over 


r 
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between  310®  and  350°  (^cS^  nnd  663°  F.).  Repeated  crystal- 
lizations from  alcoiiol»  rejecting  the  less  soluble  portions,  tuffice  to 
purify  it  (Ostermayer,  ibid.  vii.  1090) ;  or,  as  suggested  by 
Schmidt  {ibid,  vii  205),  it  may  be  dissolved  ia  hot  alcohol  of 
85  per  cent.,  and  treated  niih  nitric  add,  whereby  the  anthracene 
is  converted  into  anthraqninone  and  dinitroanthraquinone,  which 
form  a  resinous  cake,  whilst  the  clear  solution  solidifies  on  coolmg 
to  a  mass  of  crystals  of  phenanthrene.  This  may  be  readily  purified 
by  ciystallising  it  firom  dilute  alcohol.  The  crude  material  may 
also  be  purified  by  dissolving  it  in  hot  coal-oil  boiling  at  ioo^ — 
140^  (212** — 284^  F.)>  together  with  times  its  weight  of  tri- 
nitrophenol  or  picric  acid  (Grtebe).  On  cooling;  the  compound 
with  trinitrophcnol,  C,^Hjg  +  CgH2(N02)30H  is  deposited  in  long 
yellow  needlesy  melting  at  145°  (^9S°  ;  it  is  readily  decom- 
posed with  liberation  of  the  hydrocarbon  when  boiled  with  alkaline 
solutions,  but  not  by  boiling  with  alcohol. 

Pure  phenanthrene  crystallizes  in  colourless  plates,  which 
have  a  slight  blue  fluorescence,  and  are  readily  soluble  in  ether, 
benzene,  carbonic  bisul[)}iidc,  and  hot  alcohol,  crystallizing  out 
from  the  latter  in  great  part  on  cooling.  It  boils  at  340° 
(644°  F.),  and,  according  to  Ostermayer,  melts  at  96°  (204°'8  F.)  ; 
Fittig,  Ostermayer,  and  Graebe  mention  about  100*^  (21 2*^  F.)  as 
the  melting  point,  liowcver.  • 

By  heating  with  hydriodic  acid,  phenanthrene  is  converted  into 
phenanthrenetetrahydride  (1378).  Phenanthrene  is  less  readily 
oxidized  than  anthracene,  and  is  converted  into  phvnaiUhraquinone, 
C^^Hj^Oj,  which  is  isomeric  witli  anthraqninone,  hut  readily 
distinguished  from  it  by  forming  compounds  with  the  acid  sul- 
phites of  the  alkali  metals.  This  behaviour  renders  the  detection 
of  phenanthrene  very  easy.  It  is  simply  necessary  to  dissolve  the 
substance  suspected  to  contain  it  in  glacial  acetic  acid,  and  to  add 
a  warm  solution  of  chromic  anhydride  in  glacial  acetic  acid ;  the 
oxidation  product  is  first  treated  with  an  alkaline  solution  in  order 
to  remove  acid  substances,  and  is  then  wanned  with  a  solution  of 
hydric  sodic  sulphite.  The  pbenanthraquinone  is  dissolved,  but 
on  the  addition  of  sulphuric  or  hydrochloric  acid,  it  is  preci- 
pitated, and  may  easily  be  recognised. 

Pbenanthraquinone  is  alto  distinguished  firom  anthraqninone 
by  its  conversion  into  d^heme  add,  C|^g(CC)OH)y  on  farther 
oxidation*  By  the  action  of  nitric  acid,  phenanthrene  is  readily 
converted  into  nitro-derivatives;  it  also  furnishes  phemmikrene' 
mdphome  add,  Cj^H^.SO^H^  when  wanned  with  sulphuric  acid^ 
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and  does  not  exhibit  the  tendency  to  undergo  decomposition  which 
is  observed  when  anthracene  is  similarly  treated. 

When  bromine  m  added  to  a  weU  cooled  solution  of  phen- 
anthrene  in  carbonic  btsulphide,  very  little  hydrobromic  acid  is 
evolved^  and  after  a  time  flat  prismatic  crystals  of  phenanihrene 
dRbromidCj  Cj^Hj^Br,,  separate ;  this  decomposes  slowly  at 
the  ordinary  temperature,  but  rapidly  at  about  loo^  (212°  F.), 
■with  evolution  of  hydrobromic  acid  and  formation  of  monobromo- 
pltt^itujithrcnt'j  C^^Hf^Bf,  The  same  reaction  takes  place  if  the 
phciianthreue  dibromide  is  boiled  with  water  or  with  alcohol. 
Bromophenanthrene  crystallizes  in  sleniUr  colourless  prisms, 
which  are  reailiiy  soluble  in  alcohol,  and  melt  at  63°  (i45°'4  F.). 
By  the  further  action  of  bromiue  on  its  solution  in  carbonic 
hisnlphide  it  is  converted  into  dibromophenanth re ne,  Cj^H^Br.,,  and 
tnbromophenanthrcne,  Cj^II-Brj.  They  are  both  colourless  sub- 
stances, the  latter  crystallizing  in  silky  needles,  which  melt  at 
ia6°  (2j8^'8  F.)  (liaydiick,  Ann.  Chem.  Pharm.,  clxvii.  177). 

Cold  concentrated  nitric  acid  converts  phenanthrcne  into 
fnononitrophenanthrene,  Ci^H^-NOj,  which  is  obtained  in  the 
crystalline  state  by  precipitating  its  acetic  acid  solution  with 
waters  It  melts  between  70°  and  80°  (158°  and  {76°  F.). 
"When  heated  to  100*'  (212°  F.)  with  strong  nitric  acid,  dinitro- 
phenanihrency  ^^^^(^0^^,  is  produced.  It  separates  from  its 
acetic  acid  solution  in  yellow  crystals^  which  melt  between  150^ 
and  160''  (502''  and  320*'  F.)  (Orsbe). 

(1392)  CmuHtutioH  qf  PAenmUkrene, — ^When  phenanthra- 
qninOne  is  heated  with  soda-lime,  it  furnishes  almost  the 
theoretical  amount  of  the  hydrocarbon  ^^heayl  (Gnebe)^  in  ac- 
cordance with  the  equation : 

CuHgO,  +  4NaOH  =  C^U^^  +  aNa,CO,  +  H,; 

anihra^uiuoue  under  similar  circumstances  yielding  benzene  : 

Cj^Hp,  +  4NaOH  =  +  aNa^OO,. 

It  is»  therefore,  inferred  that  two  C«  groups  in  phenanthrcne  are 
directly  united,  which  is  not  the  case  with  anthracene,  and 
firom  this,  together  v  ith  the  fact  that  it  may  be  formed  from 
atilbene,  the  formula  of  phenanthrene  is  written  in  the  following 
jnanner: 
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DtphamL  StObm.  PiMBUillmiM. 


This  formula  represents  phenantbrenc  as  formed  from  diphenyl 
by  the  displacement  of  two  atoms  of  hydrogen — one  in  each  of 
the  Cg  groups — by  the  dyad  group  HCZZCH  j  but  it  does  not 
indicate  the  **  position''  which  this  group  occupies  relatively  to 
the  two  atoms  of  carbon^  by  which  the  two  C,  groups  in  diphenyl 
are  linked  together.  This,  however,  is  shown  by  the  following 
symbol: 

H  U 


U     H  H  H 

from  which  it  will  be  seen  that  the  atom  of  hydrogen  eliminated 
from  each  of  the  C,.  jjroups  in  the  formation  of  phenanthrene 
from  stilbene  is  attached  to  tlie  atom  of  carbon  which  is  conlij^uous 
to  the  CoH._j  group ;  or,  in  other  words,  phenanthrene  may  be 
regarch'd  as  a  rf/orMo-derivative  of  diphenyl.  Tlic  experimental 
evidence  in  snpport  of  this  conclusion  is  as  follows  : — It  has  already 
been  pointed  out  that  on  further  oxidatiou  pheuauthraquinone  is 
converted  into  diphcuic  acid  : 


CeH^.CO  CeH^.COOH 

I       I    +  OH,  +  O  «  I 

C.H,.CO  CeH^.COOH 

nenttnthnqalnane.  Dipbenic  acid. 


When  this  acid  is  distilled  with  quicklime,  it  is  decomposed  in 
the  manner  represented  by  the  equation : 

CeH^.COOH  C,H^\ 
I  =    I       CO  +  CO,  +  OH,5 

CeH^.COOH  C,hJ 

IMphenio  add.  DiphMiykMkfkim 

and  by  fusing  diphenylenekctonc  with  potassic  hydrate  it  is  cou- 
verted  into  the  potassic  salt  of  pheuylbcuzoic  acid  : 
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C,H, 
C,H, 


C,H^.COOH 

I^CO  +  KHO  «  I 


The  acid  so  obtaiiiCvl  is  not  identical  with  the  /yr/rffplionylbcnzoic 
acid  obtained  from  paraeyanodiphenyl  (p.  357),  and  which  is  also 
piodaced  on  oxidizini?  paradiphenylbcnzcnc  (p.  357) ;  it  is  there- 
fore probably  oWAophenylbenzoic  acid,  since  our  general  ex- 
perience warrants  the  couclusioo,  that  it  is  not  likely  that 
phenanthrene  is  a  dimeta-deriTative  of  diphenyl.  Admitting  it 
to  be  <w/Aophcnylbenzoic  acid,  it  will  be  found  on  tracing  out  the 
series  of  changes  by  which  it  is  formed  with  the  aid  of  the  graphic 
symbol  above  given  that  there  is  every  reason  to  r^ard  this 
symbol  as  correct. 

(1393)  TOLANB  OB  DiPHEVTLACBTTLSWI :  C^Hg.CsC.CfHj  OF 

^ifi-w — hydrocarbon  was  first  obtained  by  Limpricht  and 
Schwanert  {Am,  Chem,  Pharm.,  csl.  330)  by  heating  monobromo- 
stilbene,  Cj^H^jBr,  with  an  alcoholic  solution  of  potassic  hydrate^ 
to  130^  (266^  F.)  for  ten  or  twelve  hours.  It  may  also  be  con- 
veniently prepared,  according  to  Ilttig  (ibid,  diviii.  74),  from 
the  stilbene  dichloride,  C^^lIj^Cl^,  obtained  by  the  action  of 
phosphorus  pentachloride  on  hydrobenzoin.  When  this  is  boiled 
with  an  alcoholic  solution  of  potassic  hydrate  it  is  completely 
converted  into  tolane. 

Tolane  forma  large  transparent  prisms,  which  melt  at  60° 
(140°  F.)>  and  distil  unchanged  at  a  higher  temperature.  It  is 
n  arlily  soluble  in  alef)hol  and  ether,  and  when  heated  with  strong 
hydi'iodic  acid  ii»  rccoiivcrted  into  stilbcnc  and  dibcuzyl. 

Although  no  brominmtod  w  ehkmnafced  deriTttivet  have  as  yet  been  obtained 
from  tx^ne,  it  readily  unitee  with  a  molecule  of  bromine  funning  tolane  dibrih 
mide,  C,^H„Br,.  Tliis  compound  ex\»U  in  two  igomeric  modiUcations,  one  of 
which  crystallizes  in  nnia!!  Hat  needles  nielLinfj  at  200° — 205""  (392'^ — 401^  K  ). 
the  other,  which  is  Biinultaneously  produced  but  in  much  umaller  quantity,  in  lon<; 
dender  needles,  melting  at  64°  (i 47*^*2  F.)'  By  the  aetion  of  sodiatn  atnalgam 
on  an  alooholio  lolntion  of  potaaalo  hydrate,  they  are  both  reconverted  into 
tolane.  If  either  modification  bo  heated  with  water  for  some  hount  to  170°— 
180°  — 35^'°  ^  O'     considerable  quantity  of  the  oiber  niodifieation  is  pro- 

duced ;  and  by  distilling  the  isyrneride  which  hi\s  the  U»\ver  melting  point,  it  is 
in  great  part  converted  into  that  having  the  higher  melting  point,  and  which  is 
•earoelj  changed  on  diitillafcion  (Limpricht  and  Schwanert,  DnU,  ekea^.  Get, 
Ber.,  IT.  379). 

When  clilorobenzil,  C,^H,„0C1,.  ia  heated  with  phosphoric  pentarhloride  to 
200°  {392°  F.)  the  compound  <^',4lI|o*^'l4  {tolane  fpirit<-hli>ruie  or  trtrarhhtrd't- 
hcnzif  l  :  C,HyCOI,.CClj.C,li,)  is  formed ;  it  is  easily  convertt-d  into  tolane  by 
sudium-aimUgam,  and  aooording  to  Zinin  (i^m^.  ir.  289 ;  ZeiU.  Ckem,  [3 J,  iv. 
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718),  when  treated  in  alcoholic  solution  with  zinc,  it  furnishes  two  isomeric 
tolaw  dtehtoriddt  C,^H,,C),,  one  of  whicih  eryatalUtes  in  rhombic  tables  melt- 

in^'  at  153°  (307*''4  F.)  ;  the  other  forms  needles  which  melt  at  63°  (i45'''4  F.). 
JJuth  these  isomerides  are  likewise  produced  when  Rtilbene  is  heated  to  170* 
(338'^  F.)  with  phosphorus  pentachloride  coiitainintj  a  little  oxyc-hlorido  ;  they 
^ield  tolaue  when  treated  with  sodium>amH)gam,  or  when  heated  with  an 
aloobolie  eolation  of  potaiaic  hjdrate  to  180**  {^jO"  F.),  and  on  cUstiUatkm  an 
peitiellj  oonveited  the  one  into  the  other  (Imnprieht  and  Sebwanert,  loe,  mL)» 

The  nature  of  the  isomeriam  which  edeti  between  the  tolane  bromides  (or 
chloride.^)  has  not  yet  been  ascertained  ;  inasmuc  h ,  liowever,  as  a  compound  of 
the  I'oniiula  ('_^Hj.C=C.C^Hj  can  only  furnish  a  Riiiglf  dihromido  fnr  dichloride), 
viz. :  C,HjBrClIlCBrC,H,,  it  appears  probable  that  tiie  lorinaLiou  of  one  of 
them  IB  the  leaolt  of  iaomerio  ehange  (eee  hjdrobenmSn). 

(1394)  MlTHYLANTHBACENE:  C„H,j  or  C„H,.CH,  =  192,  is  fonoMd  -mhm 
ditolylmethane  or  dimethyUiphenylinethane  (p.  363)  is  passed  over  red-hot  pumice, 
two  moh'cnles  of  hydro:^en  beinj^  eliminated.  In  order  to  purify  it,  the  product 
is  first  washed  with  ether-alcohol,  and  then  converted  into  the  compound  with 
trinitrophenoL  It  ie  aleo  fortned  on  ^liDing  chrysophanic  acid  and  emodio— 
two  snbetanoee  extracted  from  rhabarb— wi<^  sine  doet  (Liebermann,  Demi, 
ckem.  Om.  Btr.,  viii.  970,  1102).  Methylanthracene  crystallizes  in  white  glie- 
tening  scales  which  melt  at  about  200°  (392°  F.),  and  sublime  unchanged.  It  is 
insoluble  in  water ;  easily  soluble  in  benzene  and  carbonic  bisulphide,  bat  only 
slightly  soluble  in  alcohol  or  ether. 

When  mefchjlanthraeene  in  carbonic  bieolphide  ■oliiition  is  Seated  with  bco- 
mine,  it  gives  rise  to  dibromometkjflanfhracene,  C,jHj,Br,,  which  crystallizes  in 
golden  yellow  needles  melting  at  156°  (3i2''-8  F.)  (Weiler,  ibid,  vil  11 85; 
Fischer,  ihid.  vii.  1195).  On  oxidation  with  nitric  acid,  it  is  converted  into 
inetAjflanthraquinone,  Cj,Hj(CFI,)0,,  which  on  further  oxidation  yields  aniJwa- 
quinonecarhoxjflie  add,  C\^H,Oj(COOH). 

(1395)  HTDBOOABBOMt:  C„H,^  =  ao6.— Bj  lieating  the  diloroxjieiie, 
CH,.C,H^.CH,C1,  produced  by  the  action  of  chlorine  on  boiling  coal-tar  xylene, 
with  water  at  200"  (392^  F.)  and  distillin:^  the  product,  Van  Dorp  obt^^ined  a 
crystalline  hydrocarbon,  melting  at  about  200°  (393^  F.),  which  he  termed  dinae- 
thylautbracene  {ibid.  v.  624).  it  is  very  improbable,  however,  that  this  sub- 
stanee  is  really  a  dimethylanthnc«M»  since  it  is  doubtleM  prodnced  bj  «  series 
of  reactions  similar  to  those  which  lead  to  the  fiurmatum  of  anthracene  from 
bensjlic  chloride  (p.  372). 

DiMKTHYLTOLANE   or  DlTOLYI-ArETYLTINE  :   CH.,.CMl  .C  ^CC\H^.Cir  .  r= 

206. — This  hydrocarbon  is  I'ornied  when  dimethylstilbene  dibromide,  Cj^Hj^Br^, 
(13S5)  is  heated  to  140°  (284^  F.)  with  an  alcoholic  solution  of  potassic  hydrate. 
It  ciystatlizes  in  long  needliw  or  silvery  sosles  whieh  are  ratiier  sdnble  in  akohol 
or  ether  and  melt  at  136''  (276^*8  F.)  (Goldschmidt  and  Hepp,  ibid.  vi.  I505), 

(1396)  Retene  :  CjgH,^  =  234,  was  discovered  by  Fikentschcr  and  Tromn>s- 
dorffin  1837.  It  is  found  in  fossil  coniferous  woods,  in  the  higher  boiling  \ot- 
tions  of  wood  tar,  and  amongst  the  products  formed  on  passing  the  vapoor  of 
colophony  through  a  red>bot  tnbe ;  Berthelot  ststee  that  it  is  amongst  the  sub- 
stances formed  by  heating  acetylene  to  redness..  It  crystallizM  in  needlee  or 
scales  which  melt  at  or  about  99"  (2l0"*a  F.),  and  forms  with  trinitrophonol 
a  compound  crystallizing  in  slender  orant^e  coloured  needles;  on  treatment  with 
chromic  acid  it  iurnishes  several  products,  the  chief  of  which  is  diuj-n/nti^ltue, 
OjjHj^O,.  When  dioxyrelistene  is  distilled  with  zinc  dust,  retittene,  t\,Uj^.  a 
ovystalline  hydrocarbon  melting  at  about  94^  (201**2  F.),  is  obtained  (WshUbrw, 
ZeUt  Chtm.  [2],     73 ;  Ekstrand,  Bulk  80c  Ckim,  [2],xiiT.  55). 
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§  Xn.  HYOBOCAftBOMS  OF  VBM  CJi^a-zo  0>  BlNSTLNAraTBAUlIB 

S£RI£S. 

(1397)  Only  two  hydrocarboiis  of  thu  Mciw  hvn  m      besD  obtaiacdtaiid 

of  these  even  scarcelv  nnvthin;;  is  known. 

Graebc  [Dcut.  chvm.  Ges.  Ber.,sn.  782)  observed  when  pure  chrjsoquinone, 
Cj,H,^Oj,  was  heated  with  »oda  lime  that  the  principal  product  was  a  hydro- 
Gwbou,  C\,H„,  melting  at  about  105°  (231*  F.)»  «nd  icodily  aolnble  in  akioliol^ 
benzene,  and  carbonio  bisnlphido.  It  is  qnito  poaaible  that  thia  may  ba  pkm^U 
naphthaUne,  C,„H^.C,H^ 

By  diHtillin»?  ruficoecin.  a  substance  obtained  by  the  action  of  sulphuric  acid 
on  the  colourinj^  matter  ot"  cochineal,  with  zinc  dust,  Lieberinann  and  Dorp 
obtained  a  crystalline  hydrocarbon  which  probably  has  the  composition  0^,11^, 
{Aim,  Cktm»  PAarm,,  chiU.  112). 

MenMjflnaphthalene  or  naphthylphenylmtthane :  C,,H,^  or  C,^IIy.CHj.C,H, 
~3l8,  forma  colourless  needle.H  which  melt  at  64°  (147°  2  F.),  and  are  insoluble 
in  water  but  very  soluble  in  ether.  It  is  prepared  by  the  action  of  zinc  powder 
on  a  mixture  of  naphthalene  and  beuzylic  chloride  (Frot^,  Compt.  Mend.,  ixxvi. 
639. 


§  XIII.  Htdbocabbons  09  TUB  CgU^.n  OB  Pybbnb  Sbbixb. 

(1398)  Althougli  a  number  of  hydrocarbons  of  this  series 
have  been  obtained,  comparatively  little  is  known  of  them. 
The  following  is  a  list : 


''1S"IS 


J 


Diacetenylbenzene  •  . 

1 

C  C.C.H, 

ParadipbanylbeoMQe  i 
OitbodiphenylbenMne . 

205" 

Tripheuyimethane .  . 

CH(C.H.). 

92- 

Paiadibenzylbeoaena  . 
QrthodibensylbanseDa  • 

1  C.H.(CH,.C,HJ,  1 

78^ 

Diphenyltoly  Imethaoe . 

liquid 

Dibenzyltoluenes  .  . 

CH..C,H,(CH..C.HJ. 

liquid 

(1399)  Ptbbnb  OB  Phentlbnbna?e(.thai^bnb  :  CjgHjo  or 
C,(,Hg(CgH^)=202. — This  hydrocarbon  appears  to  have  been  first 
observed  by  Laurent^  although  he  never  succeeded  in  obtaining 
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it  in  a  pure  state.  Graebe,  who  vsubseqnently  examined  it, 
extraeted  it  from  the  butvraceous  produet  which  comes  over  after 
the  antliraeene  iu  the  distilLation  of  coal  tar,  by  treating?  it  with 
carbonic  bisulpliide ;  this  dissolves  tlie  pyrene  and  some  other 
hydrocarbons,  and  leaves  the  elirvsene.  The  rcsidne  left  on 
distilling;  off  the  bisnlphide  is  exhausted  with  warm  alcohol,  and 
the  cold  filtered  solution  mixed  with  an  alcoholic  solution  of 
trinitrophenol  or  picric  acid,  which  produces  a  red  crystalline 
precipitate  of  pyrene  picrate,  ('i,,Hi,,  -f-  C^II,(NO,)j01I.  This,  alter 
being  washed  with  alcohol,  is  decomposed  by  ammonia,  and  the 
liberated  hydrocarbon  crystallized  repeatedly  from  alcohol  until 
it  melts  at  142°  (287^*6  F.).  In  some  instances  it  ia  necessary 
to  recoDTert  it  into  the  picrate  and  again  decompose  it.  The 
picratc  crystallizes  in  long  red  needles,  which  are  only  slightly 
soluble  in  cold  alcohol,  but  readily  in  ether  and  carbonic  bisulphide, 
and  very  easily  in  benzene. 

Pure  pyrene  usually  forms  colourless  scales,  but  by  slow 
evaporations  of  its  solutions  it  may  be  obtained  in  large  rhombic 
plates.  It  sublimes  with  difficulty,  and  distils  at  a  temperature 
considerably  above  360^  (680^  F.).  By  heating  with  hydriodic 
acid  -solution  and  phosphorus  at  aoo^  (392^  ^  converted 

into  pyrenehezahydride  (p.  369).  Vjnne  is  oxidised  with  con- 
siderable difficulty,  and  converted  into  pyrentgtUnone,  C,^HgO^ 
which  has  properties  similar  to  tho»B  of  anthraquinone.  I^rene, 
in  fact,  exhibits  very  considerable  resemblance  to  anthracene,  and 
it  therefore  appears  probable  that  it  has  a  similar  **  constitution 
the  following  symbol  may  provisionally  be  employed  to  repre- 
sent it : 

H  H        H  H  H 

C-C=C-C=C-C=C-C 

II  I  I  I  II 
C-C  =  C-C=C-C=:C-C 

II  II        H  11  II 

PjflCIMt 

Dihromopyp'cne  iJihrnviulc,  Cj^lIJ^r^,  is  formed  when  tlip  finf'ly-diviH»"d 
hvdrocarbon  is  cxJXJ^ed  to  the  lution  of  broii)ine  vapour  at  the  ordinary  tempera- 
ture. It  crystallizes  I'rom  nitrubeiueue  in  pale  yellow  needleA,  which  are;ihnost 
liiiolahle  in  sleobol,  eth«r,  or  benaene.  TrihromopjfreM,  C,,lI.Hr,,  is  precipi- 
tated on  adding  bromine  in  slight  exeess  to  a  solution  of  pyrene  in  carb<nuc  bi* 
snlphide.  It  forma  ooUnvlflM  needlea  which  doMily  reiemble  tbo  oompoond 
jliat  described. 

When  pyrene  is  heated  with  nitric  acid  (8.g.  I  diluted  with  an  equal 
Tolurae  of  water,  it  in  converted  into  a  reddisb  oil  which  lolidifiM  on  cooling. 
This,  wben  crystallised  from  alcohol,  yields  yellow  needles  of  monomiropjfnme, 
C,,Hg.KOg.   They  are  essily  soluble  in  ether  or  benzene  and  melt  at  about  140* 
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(284"  F.).  Din!tropi/rene,  C,,H^(N'0^)^,  forma  slender  yellow  needles  which  an 
only  sliiflitly  h  ilnhle  in  alcohol,  ether,  and  benz(>ne.  It  is  prepared  by  boiling; 
pyrene  with  iiittic  acid  of  specific  gravity  I '45 ,  exliaustiiii^  the  product  with 
boiiing  alcohol  to  remove  any  of  the  mononitro-tjorivative,  and  tiually  cryeitalliz* 
ing  tm  aettie  Mtd.  TBtramiiropjfrene,  t\,H,(NO,)^,  u  fimned  when  dinitro- 
PTiene  ie  digeeted  for  a  long  time  with  fttming  nitrie  add.  It  erystaHizes  from 
aeetie  acid  in  long  needle*  (Qr«be*  AnM,  Cham,  Pkarm.,  dviii.  285). 

(1400)  DiACRTKXTLBKNZEVB  Of  DirHENYLDIACETYLFXK  :  C,,  11,^,  Or 
CJIj.C=C.C— C.Cjr^=-  202— ThiM  hydrocarbon,  discovered  by  (jhuser  {Deut. 
chfm.  Ocs.  JJer.f  ii.  423),  is  formed  when  the  copper  derivative  of  acetenjl- 
beniene,  C,H,.C^C.Ca,.C5C.C,ll,.  is  suspended  in  an  alooholie  wolatton  of 
ammonia  and  agitated  in  eontaot  with  air.  On  diluting  the  aleoholio  sohition 
with  water,  the  new  eompoand  separates  in  glistening  needles.  It  melts  at 
97'  (206"  6  F.),  and  h  easily  soluble  in  ab  nhol  or  ether,  but  not  in  water. 
Ho  derivatives  have  as  yet  been  obtained  from  it;  but  when  exposed  to  an 
atnoephere  charged  with  bromine,  it  takes  up  four  moleculee  of  the  latter 
fimning  n  viMeoiui  compound, 

( 1 40 1 )  Pabadiphbvylbenzene :  Cj,H,,  or  C,H^(C,H,),  =  230.— Rie.^e 

Chem.  Pharm  ,  cxliv.  161)  obtained  this  substance,  mixed  with  diphenyl  and  an 
amorphous  bnuuinated  derivative,  by  the  aetK)i)  uf  sodium  ou  lliesulid  paradibromo- 
benzene  dissolved  in  anhydrous  ether;  whilst  fkhultz  \ibid.  cixxiv.  230)  observed 
it  amongst  the  prodaets  formed  when  benaene  b  paaaed  thnmgh  red-hot  tubes.  It 
ery^taUiaes  from  benzene,  in  which  it  is  easily  soluble,  in  flat  colourless  needles, 
melting  at  205°  (401°  F.).  It  does  not  combine  with  trinitrophenol,  and  is 
only  very  s|i«,'lifly  s(>lul)lt'  in  boiling  alcohol.  Ou  oxidation,  it  is  first  converted 
into  pnraplif  fijilhci.zuic  ucidf  C^H^.C,H^.COOH,  and  ultimately  into  tereplithalic 
acid.  t\U^(COUU),. 

Sehnlts  ako  obtained  a  small  quantity  of  an  isomerie  hydroearbon  whidi  he 
terms  hodlphenj/lbemteMt  melting  at  85°  (185°  F.) ;  it  farniahee  bensoic  acid 
•n  oxidation,  and  is  very  probably  orModiphenylbenzene. 

(1402)  TKrPHKNYLMF.THANF  :  Cj^H,^  or  CH(Cy I,),  =  244. — Kekul6  and 
Franchimont  {D'.uC.  chem.  (res.  Z/er.,  v.  906}  first  obtained  this  hydrocarbon  by 
heating  one  moleenle  of  (0-2)  dichlorotoluene,  C^H^.CIICI,,  with  two  of  mercury 
piwnyl,  Hg(C,H,),,  and  it  has  since  been  prepared  by  Hemiiian  {ibid,  1203) 
by  heating  a  mixture  of  benzene  and  diphenylcarbinol  or  br-nzhydrol, 
CIffC'JIJ..()H.with  plmspboric  anhydride  at  140°  (284*'  F.)  for  four  bonis.  Tt 
is  e;i.s'.ly  purili.-d  by  crystallizing  it  trom  boiling  alcohol,  when  il  forms  tbin 
lustrous  plates,  melting  at  92°  (l97°'6  F.),  and  distilling  undeoompuseu  ul  360" 
(680*  F.).  By  the  action  of  nitric  acid  it  is  converted  into  the  trinitro*deriva- 
tive  CH(C'  lI^.NO.,)jj.  On  addin<^  bronune  to  its  solution  in  carbonic  bisulphide, 
the  bromo-derivative,  CHr(C,IIj()j,  is  prtKluced,  and  remains  as  an  oil  on  distil- 
lini^  otf  the  bisnlpbidc  ;  on  treating  this  oil  with  water,  it  solidifies  to  a  crystalline 
mass  of  tripkeniflcarLinol,  C(^'jH^)j.OH,  which  is  also  produced  when  the  hydro- 
carbon  is  boiled  with  an  oxidizing  mixture  of  potaesic  dichromate  and  sulphnrio 
add.  The  corresponding  trtphmtyUkhrvmt^iamt  CO(C,H^,»  ia  fomwd  \f 
the  action  of  phosphoric  pentachloride  on  triphenyloarbinol;  it  is  crystalline,  and 
ia  readily  rec<mvert.<*d  into  triiibenylcarbinol  by  warming  with  water. 

(1403)  HYnKocAUHiiNs  :  (',11,^-  25S. — liy  the  action  of  b«'nzy  lie  chloride 
on  benzene  in  presence  of  zinc,  two  isomeric  dibenzif  I  benzenes,  C,H^(CHj.C^ll^j, 
are  pradneed,  toi;etber  with  benaylbensene.  Pantdibenzjflbenaene  ciystallices 
from  hot  alcohol,  in  which  it  is  easily  soluble,  although  cold  alcohol  dihsolves  it 
with  difficulty,  in  thin,  flat,  glistening  plates,  wbicb  melt  at  86°  (i86"-8  F  ); 
on  oxidation  it  yields  pttrfullbenzotjlhenzene,  CJ\ .)  ,Ao'^^'[\\i.'r  \\'\th  a 
amali  quantity  of  ^arabeazojflbenzoic  acid,    (i-  or  orihudibenzjflbeuzene  is  far 
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more  soluble  than  the  isomeride,  and  crystallizes  in  long,  thin,  Hat  needles,  which 
melt  at  78**  (i72*'*4  F.);  when  oxidized  it  furnishes /3-  or  oHkodibenzoylhenxen§ 
ind  ^-  or  orlAoAMiMy2i«iicoi9  aeiA,  Theve  bydrocarboiit  do  not  oombino  witii 
trinitropbenol.  Paradibensjlbenzenc  in  also  obtained  together  with  traces  of 
the  itcomeride  in  the  preparation  of  benzylbenzene,  by  ikeyer's  mathod,  froB 
benzene  and  methylal  (p.  360)  (Zincke,  ibid.  vi.  119;  ix.  31). 

By  heating  a  mixture  of  diphenylcarbiuol  and  toluene  with  phot^pboric 
■nhy^de,  HMiiliMi  obtained  n  diphenyltulylmeikaite,  CHg.C^H^.CU(C^^^  it 
•  lipoid  of  high  boifing  point  whioh  does  not  solidify  even  in  •  fiMiing  mi^avn; 

OB  ooddntion  it  it  eoBTtrted  into  the  aeid  |  (MtL  viL  itog), 

C,H,.COOH 

(1404)  Htdrocakbons:  C„|H,_=  272. — The  portion  boilin|?at  292  — 296' 
(557° — 565°  F.)  separated  by  carelul  iVactional  distillation  irom  the  product  of 
the  action  of  bensylio  diloride  on  tolnene  in  prtvenoe  of  nnc  (p.  362),  is  a  miztnrs 
of  two,  er  ptrhtpt  of  thine  itomerie  C„H^  hydrodtihont,  tinet  k  yiddt  two 
isomeric  tddt  of  the  composition  C„H,^0^,  and  a  third  of  the  oomposition 
CjjlIjijOj,  on  oxidation.  The  two  C„j  acidts  are  i.^omeric  dihennfyyjhenzoir  arid*, 
C\nJ('0.rjlj^).,.COOH;  the  nature  of  tlie  third  acid  has  not  been  ascertained,  and 
it  may  either  be  derived  from  a  special  Cj,H^  hyt'roertrbou,  or  perhaps  it  is 
fbrmed  by  the  fhrther  oridadion  of  one  of  the  dibenzoylbenioio  tdde  (Zineke  and 
Weber,  ibid,  vil  1 1 53).  When  the  nittttre  <rf  0„H^  hydroearbons  is  passed 
through  a  red-hot  tube,  hydrogen,  toluene,  and  anthracene  are  produced,  and  alno 
an  isoineride  of  anthracene  of  wliich  as  yet  only  small  qnantitieB  have  been 
obtained.  / 

§  XIY.  Htdboca&bonb  op  tbi  CbHsq.m     CoRYsm  SniM. 

(1405)  Only  two  memb(?r.s  of  this  series  arc  at  prescut 
known,  namely^  chrysene,  C^H^,  and  j)/ienylenedijjhenylmeihane, 

Chrysene  :  CjyH,2=228. — Tliis  liydrocarbon  was  first  ob- 
served by  Laurent  in  cnulc  anthracene,  and  ]5orthelot  has  stated 
that  it  is  produced  when  benzene  is  passed  through  a  red-hot 
tube.  Tills,  ])crhap9,  is  somewhat  doubtful,  as  from  the  sub- 
sequent experiments  of  Schultz  {Ann.  Chem.  Pltarm.,  clxxiv.  230) 
and  of  Schmidt  (Devt.  chem.  Gcs.  Ber.,  vii.  1365),  it  would  seem 
that  Berthelot's  chrysene  w  as  really  ini])ure  diphenylbcnzene ; 
nevertheless,  in  a  recent  paper  {Buil.  Soc.  Chim.  [2],  xxii.  437), 
Berthelot  reasserts  that  under  these  circumstances  he  obtains  a 
hydrocarbon  of  the  formula  Cj^Hj^  which  fonsm  a  compound 
with  trinitropheuol. 

In  order  to  prepare  chrysene  from  the  semi-solid  higher 
boiling  portions  of  coal-tar,  it  is  first  treated  with  carbonic 
bisulphide  to  remove  pyrene  and  other  soluble  hydrocarbons,  and 
the  solid  residue  is  then  crystallized  from  coal- oil  boiling  at 
150^  (302^  F.).  It  is,  however,  still  of  a  bright  yellow  colour, 
bat  may  be  obtained  colourless  by  boiling  it  with  alcohol  and  a 
small  quantity  of  nitric  add^  or  by  heating  it  to  240^  (4^^  F*) 
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with  hydriodic  acid  and  amorphoas  phosphorus.  Pure  colourless* 
chrysene  may  also  be  obtained  by  reducing  the  compound  of 
diiiitroanthraquiuoue  aud  chrysene,  formed  by  the  action  of  nitric 
acid  on  an  alcoholic  solution  of  anthracene  and  chrysene,  with 
tin  and  hydrochloric  acid  {Schmidt,  J ourn.  pr.  C/tem.  [2],ix.  270). 
Chrysene  cry!<tallizes  from  benzene  or  acetic  acid  in  plates 
belonging  to  the  rhombic  system,  and  which  melt  at  about 
250°  (482°  F.j.  It  cannot  be  sublimed  without  decomposition. 
It  combines  with  trinitrophenol  or  picric  acid,  forming  a  com- 
pound Cj^IIj^4-CglIo(NO,).^.OH,  which  crystallizes  in  orange- 
coloured  needles,  aud  is  easily  decomposed  by  cold  alcohol  (Lieber- 
mann,  Afui.  Clwrn.  P/iarm.,  clviii.  299;  Schmidt,  loc.  cit.). 

Chrysene  is  oxidized  with  very  great  readinesa  by  chromic 
acid  and  couTerted  into  chrysoquinone,  CigHjoO^ :  if  the  action  of 
the  oxidizing  agent  be  continued  phthalic  acid  is  also  produced. 
Chryaoquinone  closely  resembles  phenanthraquinone  in  its  pro- 
perties^  and  it  is  not  improbable  therefore  that  the  constitution  of 
chiyiene  is  very  similar  to  that  of  phenanthiene^  and  that  it  may 
be  vepresented  by  the  formula : 


C^H^.  CH 

I     II  ; 

CjoHa-CH 

ChiTMBt. 


C,H..CO 

I     I  ; 

C,„H..CO 

ChijrtoqaioaMk 


CfH^.CH 

I     II  ; 

CjH^.CH 

HmomiUmm* 


C.H^.CO 

I  I 
C^H^.CO 

PlMUUUhnqalaooA. 


HkXUroekrifaemt,  GJSL^fH^  whieh  oryslalliiM  lirora  benzene  in  colonrlets 
needles,  in  furtned  on  treating  chrysene  with  chlorine  at  100°.  It  inelts  at  267^ 
(5  I  2"  6  F.)  and  is  almost  insohible  in  alcohol  or  ether.  Higher  chlorinated 
derivatives  are  produced  by  the  action  of  chlorine  at  160° — 170*  (3-20" — 
338°  It.),  but  they  have  not  been  examined.  On  adding  bromine  to  chryxeue 
liiienlml  in  enrbooie  Ineulphide,  no  aetion  is  at  fint  perceptible,  bat  after  a  time 
hjfidiobromic  acid  is  evolved  and  white  needles  of  dihromochrysene,  Cj^Hj^Br,, 
separate;  it  melta  at  273",  and  on  oxidation  in  converted  into  clirysoquinoni'. 
When  chrysene  is  exposed  to  an  atmosphere  of  bromine  vapour,  lii;j;ht'r  brorainated 
derivatives  are  formed,  but  these  have  not  been  isolated  in  a  pure  state ;  there 
appears,  however,  to  be  no  tendenoj  od  the.  part  of  chrysene  to  form  additivo 
eoanpoiiDde. 

Mononitrochrysene,  C,,H,|.T'fOj,  is  formed  when  chrysene  is  boiled  with 
alcohol  and  nitric  acid,  or  more  rapidly  by  heatin<;  it  witli  nitric  acid  (sp.  gr.  i'2^) 
at  100**  (212*'  F.) ;  it  crystallizes  from  benzene  in  tiiiek  yellow  prisms  which 
melt  at  209°  (4o8'^'2  F.).  When  tinely  divided  chrysene  is  boiled  with  nitric 
•flid  (sp.  gr.  1*3),  it  i»  converted  into  a  roisttnre  of  the  mono-,  di-  and  tetnmitro* 
derivatives.  IHnitrochry$ene,  C.,Hjg(NO^)j.  crystallizes  from  acetic  acid  in  yellow 
needles  which  melt  above  300  (572**  F.)  and  are  almost  insoluble  in  alcohol, 
ether,  and  benzene.  The  fttntnilrorkrifsenc,  C,^H  (NO  which  likewise  furms 
jellow  ueedleit,  is  ako  produced  by  boiling  the  hydrocarbon  with  fuming  uitrio 
acid  (Liebermann,  Schmidt). 

(1406)  Pkenylw0dipk9i^lmtihan»:  C„H  or  C(C,H,),(C,H  J  -  245.— 
When  tho  triphenjrlehlorooMUuuM,  CC1(C,UJ^  obtained  bj  the  aetioa  of 

c  c  2 
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phosphoric  pentachloridc  on  trlphenylcarhinol  (1402)  is  heated  to  about  200** 
(  V>2°  I"^  ).  is  diH'otnpKsed  with  evolution  ol"  liy:lrochloric  acid,  and  at  a  hiirlier 
tt-iuperature  an  oil  dislilti  over,  which  on  cooling  solidities  to  a  crysUiiiine 
moM.  It  it  bot  wlightly  soluble  in  alcohol  or  wi/&6  Mnd,  oiyatallizing  from  tho 
latter  m  dender  silky  needles  wliieh  melt  at  138^  (280**4  F.).  It  haa  the  com- 
])<»iition  represented  by  the  formula  C^JTj^,  and  from  the  mode  of  its  formation 
tliot  f  can  be  no  doubt  it  IS  a  phepylsnediphenjlmeUiane  (Uemilian,  JJnU.  ekem. 
Ge*.  Ber.,  vii.  120S). 

§  XV.  Hydrocarbons  of  the  CnH^n.jj  or  Dinaphthyl  Series. 
Three  members  of  this  series  are  known,  viz. : 

M,P.  "  Cent. 

^  „    J  Dinaphthyl  I  /r  11  \  ^54° 

\  iMdinaphthyl  /  187* 

C„Hm    IMnaphthylnieihiiie       CH,(0„Hy),  X09* 

(1407)  Dinaphthyl:  Q.(J^i4  ^'io^^7-^io^^7  =  -54- — ^^^'^ 
hydrocarbon,  whicli  was  discoveicd  by  Lossen  {Anu.  Chem.  Pharni.j 
fxliv.  71),  forms  pale  yellow  scales  when  crystallized  from  alcohol, 
whilst  from  a  mixture  of  ether  and  alcohol  it  is  deposited  in 
(►rtohedra :  it  melts  at  154°  (309°* 2  F.),  and  boils  above  360** 
(680°  F.)  It  is  formed,  along  with  phthalic  acid  and  resinous 
pi'oducts,  when  naphthalene  is  heated  w  ith  manganic  dioxide  and 
Milphuric  acid  diluted  with  twice  its  weiglit  of  water,  and  also, 
although  in  exceedingly  small  quantity,  by  the  action  of  sodium 
on  a  solution  of  bromonaphthalene  in  benzene.  The  latter  mode 
of  formation  renders  it  probable  that  dinapbtbyl  is  an  a-deiiTatiTe 
of  napbthalene. 

Hy  the  action  of  bromine  it  is  first  converted  into  dibrfmodinaphtkj/l, 
C^H  Br,,  which  aysUUiioM  in  delicate  nonoelinio  priama  melting  at  215" 
(419  F.).  It  is  almoKt  insoluble  in  alcohol,  but  eaitily  soluble  in  hot  beniene.  An 

aiiiorphoua  yellow  hexahromodivaphthifl,  C^^H^Br^,  is  obtainwl  when  excess  of 
bromine  is  used.  A  yellow  resinous  hexachloridinaphi h yl,  C.  H  Cl  .  is  formed 
on  passing  chlorine  to  saturation  into  a  solution  of  dinaphthjrl  in  carbonic 
biKulphide.  A  resinous  UfranHrodinaphtkyl,  ^M^^ie^^^t)*'  precipitated  on 
adding  water  to  a  solution  of  the  hydrocarbon  in  fnmipg  nitric  and. 

(1408)  IsoDiNAPHTHTL :  C^U^^  =  254. — ^W.  Smitb  {Jown, 
Chfm.  8oe,,  xxiv.  1 1 84)  found  that  a  hydrocarbon  of  higb  boiling 
]K)iut  was  formed  in  minute  quantity  when  naphtbalene  is  passed 
through  an  iron  tube  heated  to  bright  redness;  he  has  since 
ascertdned  that  it  is  far  more  readily  produced  when  a  mixture 
<»f  the  vapours  of  napbthalene  and  antimonious  chloride  is  passed 
through  a  red-hot  tube.  It  is  readily  separated  from  aocom- 
panviug  naphthalene  by  fractional  distillation,  as  it  boils  above 
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560^  (680*^  F.)*  When  carefully  sublimed  it  may  be  obtained  in 
delicate  plates,  which  melt  at  187^  (368°'6  F.)«  With  chlorine 
it  yields  a  colourless  morphomteirachhriiodinaphihyl,  Cc^H^JC]^. 
Bromine  attacks  it  iriolently^  forming  heptabromUodmaphthijlf 
C^IKBr,. 

(1409)  DiNAPHTH  Yi.MKTirANE  :  C„II„  Of  C}i,(C,^H^).,  =  268. — In  Order  to 
prepare  Uiu  h^-droc4irU>a,  5  parU  ul'  naphthalene  are  di^olved  in  20  of  chloro- 
fiNrm  and  mised  with  i  of  methylal :  10  parts  of  salphnrie  acid  an  tfaso  gvadoally 
and  oiatioatly  added,  preveuting  riM  of  tempentun  by  keefnog  the  flaak  in 
eold  water.  After  twelve  hours,  30  parts  of  water  are  added,  the  chloroform 
distilled  ott",  and  the  product  purified  by  exhausting  it  with  boiling  ether  and 
duitiliing  the  residue.  It  crystallizes  tVom  boiling  alcohol  in  exhort  coluurlt:sd 
prinn*  which  melt  at  109''  (228°  2  F.)  and  boil  at  above  360°  (680''  F.)  It 
k  very  aolnble  in  ether,  benzene^  and  chloroform,  and  diMolTea  in  15  part* 
boiling  and  120  of  cold  alrahol.  With  trinitrophenol  it  f<nina  a  compound 
wliich  crystallizes  in  reddish-yellow  prisms  melting  at  about  142°  (287°  6  F.). 

On  adding  bromine  to  an  ethereal  solution  of"  the  hydrocarbon,  hydrobroniic 
acid  Li  given  od',  and  an  oily  liquid  i^  obtained  which  i>uon  suiidities  to  a  crjutal- 
line  nuM  of  dibromodinaphthjflmethane,  C^jH^^Br,.  It  fbrina  ahort  ookurieaa 
nacdlaa  melting  at  193°  (379**4  ^  whioh  are  moderately  aolnUe  in  ether, 
beniene,  and  chloroform,  but  with  difTii  ulty  in  alcohol. 

Tetranitfodinaphthi/liiiethane,  *-„llii(NOj)^,  forms  small  rhombic  crystals 
which  are  alIllo^t  »  oluuili'>s.  It  is  readily  prepared  by  dissolving  the  hydro- 
carbon in  10  parlri  of  luniing  nitric  acid  and  allowing  it  to  stand  for  12  hours, 
when  the  nitro-oompouud  separates  in  the  erystalline  atate:  It  ia  almost  in* 
soluble  in  aloohol,  ether,  and  benzene,  but  may  be  dissolved'  in  aniline  (T. 
Giabowgki,  Deut.  chem.  Ges.  Ber.,  vii.  1605). 

Dinuphthtfltrichlorethane,  ('('I^.CH((".  H.) which  may  be  regarded  an  a 
derivative  of  the  unknown  hydrocarbon  (i-dinujfhthjflcthane,  CH^.Cli{C^Jd.j}^ 
ia  obtained  on  treating  a  mixture  of  ohloFal  and  naphthalene  with  oonoentrated 
■iilphnrie  aeid.  It  erystallises  in  cokrarlees  hexagonal  plates  whioh  are  moderately 
aoloble  in  ether,  but  only  slightly  so  in  sloohol  (Qrahowski,  ibid,  vii.  225). 


§  XVI.  Hydhocarbons  of  tuk  Sehies. 

(1410)  The  only  member  of  this  swiee  whieh  has,  as  yet,  been  prepared  is 
a-dmapktkyMyleiu :  C„H„  or  C„H,.HCllCH.C„H,  =  280,  and  even  that 

has  been  but  very  imperfectly  examined.  When  the  crude  flinaphf/iyhtiono- 
chlorcthant  obtained  by  the  action  of  sulpliuric  acid  on  a  mixture  of  dichlorether 
and  naphthalene  is  distilled,  an  oil  is  obtained  boiling  above  360°  (680*^  F.), 
aund  whlflii,  on  ooddation,  appears  to  give  napbthoio  acid  (Kepp,  Jhui.  ekem» 

00$.  Ser,^  Til  1419)* 

On  boiling  dinaphthjltrichlorethane  (1409)  with  an  alcoholic  solution  of 
potaiisic  hydrate,  a  yellow  subst;ince  is  obtained,  which  has  the  composition  of  a 
dirhhn'O'linaphthiflethjflene.  It  is  either  a  derivative  of  the  hydrocarbon  ju.st 
described,  or  more  probably  of  an  isomeric  h^filtocaihoQt  ^-dinaphlAjfleth^UMf 
H,CIZC(C\,H,),  (Gisbowski,  ibid.  to.  225). 
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§  XYII.  Htdbocabbons  of  thb  CJl^^^  oe  Idbialbnb  Sbbibs. 

Four  members  of  this  series  are  at  present  kuowu^  viz. : 

ILP.^Owt 

CJT,^     Idrialene    2Bf 

C,,H„     Tiiphenylbenzene  C,H,(C,HJ,  lyo* 

C'ji^  TetraphenylmfUiane  C(C,Hj,  145* 
C^H^    T«tnpheiijrleUi«iie        C^,(0,HJ«  206*" 

(1411)  Idrialese:  Cj.H,,  =  278. — This  hydrocarbon,  about  which  very 
little  is  knowu,  exists  in  tlie  uiineral  idriulite,  a  substance  resembling  coal,  which 
M  found  in  the  Idrian  meremy  minea.  It  may  be  ntraeted  by  diitiUatioii  b  an 
atmoepbere  of  oarbonie  anhydride,  or  preferably  by  exhausting  the  muoeral  witb 
ben7.eiie,  and  concentrating  the  sohitlon  by  distiUation.  It  ciystaUizei  in 
ouluurless  8calei«,  which  melt  above  285"  (545"  F.),  and  volatilize  at  a  hi^'her 
temperature,  but  with  decomposition.  Nitric  acid  converts  it  into  trinitro- 
idricUene,  C)„11,|(N0,),,  and  on  oxidation  with  chromic  acid,  it  yielda  idria^ 
quinone,  C,,H„0,.  Idrialene  ia  the  fifth  term  in  the  aeriea,  including  benseoe, 
naphthalene,  anthracene  and  pbenanthrene^  and  ehiyeeno,  whioh  differ  by  nC^EE^ 
and  all  of  wiiich  rumisli  quinones. 

(1412)  TKiriiENYi.RESZENF. :  C.^H,,  or  C^H^(C\H J,  =  306. — This  hydro- 
earbou  was  first  discovered  by  Eugler  and  Heine  {Deut.  ckem.  Get.  Ber.,  vi. 
641)  amongst  the  produuta  of  the  action  of  ammooia  and  pho^hocie  anhydride 
on  metfaylphenylketone  or  aoetophenone : 

3.C.H,.C0.CH.    =    C,H,(C.H,),    4-  3011^ 

lIeth.Tlpheu7lketoiM.  Triph^njlbenzenc. 

and  has  since  been  prepared  by  the  action  of  dry  hydrochloric  acid  on  the  same 
Icetone  (Engleraud  Ikrthold,  ibid.  vii.  1 123  ;  Ueyne,  viii.  230  ;  and  Engler,  viii. 
394).  The  gaa  ia  rapidly  aboorbed  with  evolution  of  heat,  and,  on  aHowingibe 
solution  to  stand  for  a  day  ur  two  in  a  warm  place,  the  hydrocarbon  is  depoaitcd 
in  the  crystalline  state.  The  formation  of  triphenylbenzcne  in  this  manner  is 
comparable  with  that  of  inesityU'ne  from  dinn'tliylketone  (p.  265).  It  forms 
large  colourless  rhombic  plates,  which  melt  at  about  170°  (338**  F.),  and  boil 
at  a  much  highor  tempeiitore.  It  ia  only  modentely  aolnUe  in  aloohol,  cihcr, 
and  carbonie  bisulphide,  aomewbat  more  readily  in  beniene. 

Monohromotripken^lbenxenet  C,^H,^Br,  pro  duced  by  the  action  of  bromine 
on  the  liydrijcarbon  in  carbonic  bisulphide  solution,  forms  colotirU'ss  needles, 
whioh  melt  at  104°  (2I9°'2  F.).  A  trinitrotrijihenj/lbe/izene,  <-'„llu(^'^,),t 
has  been  obtained  in  crystalline  scalett,  but  its  preparation  is  attend^  with  con- 
aiderable  diffioulties  (Engler  and  Berthold). 

(1413)  TimAPHMlTI.M ETHANE  :  C.^H^  or  C(C,HJ^  =  320.— This  hydro- 
carbon is  found,  according  to  Ht  hr  {ibid.  v.  971),  amongst  the  products  of  the 
dry  distillation  uf  baric  bcnzoate,  and  it  would  also  seem  to  be  produced, 
although  in  much  smaller  quantity,  when  the  calcic  salt  is  distilled  (Keknle  and 
liVanohimont,  s6uf.  vi.  910).  It  crystalliiea  from  alccAol  in  long  oolouricia 
needles,  whioh  ndt  at  about  145**  (393*  F.). 

(1414)  a-TsTBAPHBMTLBTUANE :  C„H„  or  CII(C,HJ,.CH(C,Hj),  =  334.— 
On  heating'  Ix'nzopinacone,  C(^>H )(CMI ,),.r(OH)(C'Jl  J^,  with  hy.lrioil  ic  acid  and 
phuHphorus  at  a  high  temperature  for  6  or  8  hours,  it  is  reduced  with  formation  of 
the  hydrocarbon  C^H^,  which  may  readily  be  separated  from  the  unaltered  pioa- 
oone  bgr  toaatnMnt  with  aloohol    It  ia  only  slightly  soluble  in  boiling  aloohol^  but 
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Mmlj  in  hot  benzeDe.  It  orystallizeii  in  large  prisms,  which  melt  at  206** 
(402^*8  F.),  and,  at  %  higher  temperatuie,  nibGnM  trndfUy  in  aeediei  and  small 
plates.    Siibatitatian  dertTatiTca  are  pfodnced  bj  the  aotioo  of  hromine  and  of 

nitn'c  acid,  hut,  as  yet,  they  have  not  been  examined  (Grsbe,  ibid,  viii.  1055)* 
It  is  also  £ormed  by  the  aotioa  of  heat  on  diphenjldilonmiethane  (1377). 

§  X.VIII.  Htdbocaebons  of  thb  CbH|k^  ok  Tbteaphentl- 

STHTL1NB  SbbIBS. 

(14 1 5)  Tetbaphbnylethylenb  :  C„H^  or  (C,H^,CzzC(C,H,),  =  332.  — 
Tlus  hydrocarbon  .is  the  only  known  member  of  the  series.  To  prepare  it, 
dqthenyldiehkMronwIhane,  0C1,(C,H,),,  u  mixed  with  finely  divided  eUver.o^ 
tatned  by  reducing  art^entic  chloride  with  zinc :  a  powerful  action  takes  |  laoe, 
with  development  of  heat,  which  must  be  moderated  ut  first  by  c<x>lin<^  in  crder 
to  avoid  deroinpositioa  of  the  chloride.  The  product  is  distilled  as  soon  a»  the 
reaction  is  huished,  when  beuzoplieoone  patuett  over  hist,  and  atW wards  the 
hydracaihon,  whieh  solidifiee  on  oooling  to  n  oiyalalUne  naae.  It  is  Tory 
dtfkolUy  BolnUe  in  ekohol  or  ether,  bnt  readily  in  hot  benxene,  from  which  it 
separates  on  cooling  In  ipiei^  pciMBB,  melting  at  221°  (429°'8  F.)  (Behr, 
ibid  iii.  752).  The  same  hydrocarbon  is  found  amon^^t  the  products  obtained 
when  beoxophenone  is  heated  with  zinc  dust  (i>taedei,  ibid.  vi.  1401}. 

XIX  and  XX.  IIydkocarbons  or  tbb  C^H^^  and 

CnHfc,.„  Sbbibb. 

When  floorene  is  distilled  over  heated  plumbic  oxide,  a  hydrocarbon  of  the 
eonpoeitionC«H„(?  I      ^C=:C(|     )  ie  oMnmed,  whieh  le  oonvwted 

into  the  hydrocarbon  C  ,11,,  by  the  action  of  sodium -amalgam  on  itd  boiling 
alooboUc  solution  (llarpti  and  Dorp,  ibid.  viii.  104S).  Neither  has  been 
eiamined,  however,  and  their  formation  is  chiefly  of  interest  on  aeeooBt  of  their 
WMitaining  xUaMfy  man  oeibon  than  any  other  of  the  hnown  hydrooerbone. 

Obneral  Review  op  tbb  Hydrocarbons. 

(1416)  It  18  of  especial  importance  and  interest  to  compare 
the  ▼ariooB  teries  of  iiolofpous  hydrocarbons,  so  at  to  ascertain  in 
wiutt  respects  thej  resemble  each  other,  and  also  to  obserte  the 
points  in  which  they  difo;  for  by  so  doing  we  obtain  an 
insight  into  the  laws  which  regulate  the  formation  of  com- 
pounds of  carbon  and  hjrdrogen,  and  we  are  also  enabled  ta 
form  some  idea  of  the  velatum  which  undoubtedly  obtains  betweeu 
composition  and  chemical  properties.  At  the  same  time,  many 
questions  in  connexion  with  this  subject.which  could  not  be  dealt 
with  adTantageously  at  an  earlier  stage,  may  now  be  oonsidered. 

We  notice  in  the  first  place,  that  if  we  merely  regard  the  empirical  composi- 
tion of  the  iedogoiu  hydrocarbons,  esch  partioalitf  aeries  appears  to  bear  the 
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MMne  relation  to  the  preceding  or  next  following,  but  this  is  by  no  oti'ans 
the  owe  when  tb^r  propertiet  are  oontraeted.  Kot  only  is  this  so  with  iho 
iM^ogone  hydrocerboDi,  bat  it  it  elao  the  caee  with  the  hoiDologoiis  hydrecer* 
bona  owing  to  the  occurrence  of  isommim.    We  may,  in  fact,  regard  bodies  as 

hotnolof^ous  ami  i8ul<)<;ou8  in  a  Aroarf  ^fw^f^*,  understandiri!^  merely  thereby  that  they 
exhibit  a  constant  (lillerence  in  empiriral  cc)nipo>ition  ;  and  -ah  strictly  homo- 
logous and  iaulogoud  when  they  not  only  exhibit  currespuudiug  dillerenoes  in 
eompoeition,  bat  have  also  oertain  ohemieal  pro{)erties  in.  eomnoB.  Tboa  (ho 
hydrocarbons  of  the  define  and  acetylene  series  are  true  is<4ognea  of  the 
paraffins :  they  are  formed  from  the  latter  by  the  withdrawal  of  two  and  four 
atoms  of  hyih"OL,'en  respectively,  and  are  readily  reconverted  into  ]>araflBnp  or 
parathn  derivatives;  combining,  for  example,  with  the  number  of  atom»  of 
bRmiine  requisite  to  convert  them  into  bromo-paraffins.  In  fact,  the  ^ihieaem 
whieh  nealt  from  the  withdrawal  of  two  atoms  of  hydrogen  from  the  pMnaiiiie 
in  the  formation  of  the  oletines,  may  be  said  to  be  extended  in  the  same  dirae- 
tioti  by  the  withdrawal  of  a  second  pair  in  the  I'ormation  of  the  acetylenes 
from  the  oletines.  The  same  is  true  of  valyiene,  the  iowcht  term  of  U»e 
^n^^sn— «  s^fies,  which  combines  with  six  atoms  of  bromine,  and  of  dipro- 
pargyl,  the  isomeride  of  benzene,  whieh  combines  with  dght  atoms  of  bromine ; 
so  that  these  hydrocarbona  also  are  terms  of  series  whieh  an  traly  isologoas  with 
the  acetylene,  define  and  paraffin  series.  Hut  if  we  compare  the  C,,H„  hydro- 
carbons or  ter}>enes  with  valyiene,  it  i.s  evident  that  they  are  not  strictly  s«[>;ak- 
ing  homologous,  but  rather  belong  to  a  parallel  homologous  series  ;  they  exhibit, 
however,  the  very  doscst  reseroblanoe  to  benzene  and  its  bomologues,  whidi 
also  cannot  strietly  be  oonsidered  as  members  of  the  same  Inmiologdiia  series  aa 
dipropargyl,  and  may  therefore  be  rsgarded  as  members  of  a  series  strietly 
isoloi^ous  with  that  which  includes  benzene.  In  explanation  of  this,  it  is  sup- 
pt»Ked  that  in  the  paraffins,  oletines,  acetylenes,  valyiene  and  diprojxir*:yl,  the 
carbon  atoms  are  so  united  that  lliey  form  an  "open  chain,"  whereas  in  the 
terpenes,  and  bensene  and  its  bomologues,  the  carbon  atoma  form  a  **  doacd 
chain  this  oonvenioit  hypotbems  being  founded  chiefly  on  tlie  behaviour  oC 
the  hydrocarbons  of  the  various  series  with  chlorine  or  bromine.  In  the 
J)  u  iitlinx,  no  carbon  atom  is  united  to  another  by  more  than  one  of  its  four 
atUuiiies,  and  the  action  of  chlorine  or  bromine  on  these  hydrocarbons  invariably 
piodnoes  tubaiUutum  derivativea  containing  the  same  number  of  carbon  atoms  ; 
whereas  the  olefines,  acetylenes,  valyiene  and  dipropargyl  oomMm  with  theaa 
halogena:  but  at  most  with  2,  4.  6  or  8  atoms  respectively,  being  ultimately 
converted  into  the  haloid  paraffin  derivatives  containing  the  same  number  of 
carbon  atoms.  We  are  thus  led  to  the  important  conclusion  that,  in  general, 
when  hydrocarbons  are  submitted  to  the  action  of  chlorine  or  bromine,  these 
halogens  are  unable  to  split  apart  carbon  atoma  united  by  single  affinitica;  and 
that  when  the  carbon  atoms  are  held  together  by  two  or  three  affinitiea,  tbej 
nay  readily  be  partialljf,  but  never  entirely  disunited.* 

When  six  atoma  of  carbon  are  arranged  in  the  aimpleat  poeaible  mnnner 


*  Under  oertain  epedal  conditions,  however,  when  •  large  proportion  of  the 
negative  element  ia  accumulated  in  the  ooroponnd^  L».,  when  the  whole,  or  aft 

least  the  greater  part  of  the  hydrogen  is  displaced  by  chlorine,  the  severance  of 
the  carbon  atoms  which  are  united  by  single  affinities  does  take  place.  Thus  by 
beating  a-chloropropane,  C,HjCl,  with  iodine  chloride,  finally  at  a  temperature  of 
200°  (392**  J^'),  it  is  converted  into  octocbloropropane,  C,C1,,  which  by  the 
forthar  action  of  the  iodine  chloride  at  iso**  (482**  F.),  it  NMlved  into  handikr- 


Digitized  by  Google 


I4i6.] 


XITISW  OF  THE  HTDIOOABBONS. 


898 


•o  as  to  form  a  closed  ohiun  or  ring,  moh  atom  will  \m  nnited  to  the  next  by  one 
of  its  affinities.  Sine;©  in  this  manner  two  of  the  affinities  of  each  carbon 
atom  will  be  en;^:iged,  the  complex  will  be  capable  of  combininj^  with  at  most 
twelve  monad  atoms  i  this  in  tliu  cast  with  benzene,  which  can  only  combine  with 
mx  atoms  of  cbloriDe  or  bromine,  whereas  dipropargyl,  its  itoueride,  ia  wbieb  the 
chain  is  open,*  can  unite  with  eight  atoms.  It  u  especially  noteworthy  that 
the  cloi«ing  up  of  the  chain,  not  only  lowers  the  absolute  combining  power  of 
the  complex  by  two  unit.-*,  V>ut  reduces  its  energy  or  tendency  to  combine,  in 
a  tar  {greater  pruportiou.  Thus  the  hydrocarbons  of  the  olefine  and  acetylene 
■eri(«,  as  wdl  as  valylene  and  dipropargyl,  very  readily  oombint  with  hnmiine^ 
modi  heat  being  developed  when  the  sabetniees  an  ImMight  into  eontaet; 
whereas  benzene  unites  with  bromine  to  fimn  the  hexabroinide  only  under 
eoueptiunal  conditioii!*,  the  aid  of  light  being  necessary  to  ell'i-ct  the  combination. 

Many  of  the  li\ dn»carb<)ns  of  the  remaining  series  are  allied  to  ti>e  paraffins, 
olefines,  or  acetylenes  ;  althougii  most  of  them  exhibit  properties  which  indicate 
that  they  are  also  doeely  related  to  beniene  or  its  homokgues.  Thus  einnamano 
and  its  homolognes,  and  aoetsnylbenasne,  bear  a  precisely  similar  relation  to  the 
corresponding  terms  of  the  benzene  seriet*,  that  the  olefines  and  acetylenes  bear  to 
the  rorresp.  nding  |Miraffins  ;  and  the  relation  between  tolane,  the  hydrocarbons  of 
tiie  Btiibene  series,  and  the  corresponding  terms  of  the  diphenyl  series,  is  of  a 
pradsdy  mmilar  character  to  that  which  obtains  between  the  hydroearbons  of  the 
aeetylene,  okfine  and  paraflin  aeriea;  but  by  thenr  behaTioar  on  oxidatioD, 
nod  in  many  esses  towards  concentrated  nitric  and  sulphuric  acid,  tiieie  hydro* 
carbons  betray  their  connexion  with  l>enzene  and  its  homolognes.  The  a.ssump- 
tion  that  the  hydrocarbons  in  question  are  lornied  from  the  paraffins,  oU-tines  or 
acetylenes,  by  the  introduction  in  place  of  hydrogen  of  monad  radicles  derived 
fimn  benaene  or  ila  bomolugues,  at  once  foraiahea  aa  explanation  <tf  their  be- 
lunriour. 

This  is  also  the  case  with  certain  benzene  derivattTea  such  as  (o — i)  ohloro- 
toluene  or  benzylic  chloride,  C'^Hj-CHjCl,  which  in  many  of  its  reactions  is 
strictly  auiilogous  to  tlie  a^chloroparathns ;  CH,.(JH,Cl,or  chlorethane, for  example. 
In  fact,  wherever  a  paraffin  residue  enters  into  the  composition  of  a  hydrocarbon, 
that  hydrocsrfaon  ^riU  have  aome  propertiea  in  comoHm  with  the  paraffine, 
olefines,  Ac.,  and  may  occasionally  Sat  the  cake  of  coaTcnieiice  be  regarded  as  • 
paraffin  or  olefine  derivative. 

Certain  hydrocarbons  such  as  naphthalene,  diphenyl,  anthracene  and  phenan- 
threne,  pyrene,  cbrysene,  and  dmaphthyl,  exhibit  properties  which  indicate  that 
they  are  in  no  simple  way  related  to  the  paraffins,  but  that,  on  the  con- 


ethane,  CjCl,,  and  tetrachloromethane,  CCl^ ;  similarly,  ^-chlorotetrane  (iso- 
primary  butylio  chloride),  C^H^CI,  is  converted  by  heating  with  iodine  chloride, 
finally  at  240  (464°  F.),  into  octochlorupropaue  and  tetrachloromethane  (Kradt 
and  Men,  Deut.  ekem.  Gee.  B«r„  viii.  1296).  It  ie  especially  noteworthy 
that  heiaehloiobenzene,  in  which  it  is  supposed  the  carbon  atoms  are  united  by 
one  and  two  affinities  of  each  alternately,  is  not  in  the  least  affected  by  heating 
with  iodine  chloride  even  at  300"  (572**  F.). 

*  The  student  should  remember  that  all  laogmge  of  this  kind  is  not  to  be 
interpreted  abeolutely,  being  rather  the  ezpresAoa  of  oor  ignorance  than  of  our 
knowledge.  The  hypotheeia  cf  which  anch  langoage  ia  exponent  ia  merely  em- 
phljed  to  toable  ns  to  give  a  consbtent  explanation  of  the  relations  of  tho 
various  classes  of  bodies  to  one  another,  and  to  indicate  the  pointa  in  which  Umj 
diHer  irom,  or  resembie  one  auolher. 
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tmry,  they  are  allied  more  or  less  closely  to  benzene.  It  is  therefore  proba- 
ble that  iheir  constitution  is  similar  to  that  of  benzene  ;  and  just  as  the  carbon 
atoms  in  benzene  are  suppost^d  to  be  united  so  as  to  form  a  cloAed  chain, 
haviag  ■■  it  w«n  bat «  single  loop,  tb»  earboa  aioms  in  IJmm  bjdnxMirboiif  are 
also  aMmiMdto  be  muted  to  eetoformadowd  ahuo,  tbe  chain  otmsisting*  bow- 
ever,  of  two  or  more  loops,  as  in  the  ease  of  naphthalene  (p*  348),  anthiaeane 
(p.  374),  phenanthrene  (p.  380),  pyrene  (p.  384),  Ac. 

It  is  very  remarkable  that  although  these  hydrocarbons  contain  relatively 
mooh  less  hydrogen  than  benzene,  they  nevertheless  combine  with  tar  fewer 
atone  of  bromine  or  dUorine.  Tbna  naphthalene  nnitee  with  at  meii  foor 
atoma  of  ehlorine,  and  anthcaeene  fornishes  dibroraanthraoeoe  tetrabromide 
when  exposed  to  the  action  of  an  excess  of  bromine,  although  theoretically,  if 
these  hydrocarbons  were  capable  of  bein^  raised  to  the  tyi>e  of  the  parathun,  we 
might  expect  them  to  unite  with  10  and  14  monad  atoms  respectively.  Phen- 
andurene  only  oombinea  with  two  atoma  of  bnmune,  and  pyrene  ie  eon?erted 
into  dibrameppene  dibramide  by  an  eioeie  of  broinine;  biatly,  cbrjaene  doea 
not  appear  to  furnish  additive  compounds  with  bromine.  Benaene, naphthalene^ 
anthracene  with  its  iKonieride  phenanthrene,  and  chrysene.  may  be  regarded  as 
formintj  a  series  the  terms  of  which  ditl'er  from  each  other  by  nC^Hj.  Although 
their  qumones,  except  that  of  antliraoeue,  closely  resemble  one  another,  yet  it 
will  be  aeen  that  the  bjdroearboaa  theouelTee  differ,  hot  progressively  m  tba 
same  direetioo.  Benzene,  for  example  is  eapable  of  combining  with  six  atoms 
of  bromine;  naphthalene  unites  with  four;  and  phenanthrene  with  two;  whilst 
chrysene  appears  to  be  incapable  of  uniting  with  bromine.  From  this  it  would 
seem  that  the  formation  of  each  new  loop  in  the  chain  of  carbon  atoms  tends  to 
ledaee  the  eombining  power  bj  two  units,  since  naphthaiene  and  antfavaeene, 
eaeh  of 'whieh  hae  two  loope,  eombiae  with  two  atoma  of  bromine  leee  than 
beoMn^  whieh  has  only  a  single  loop,  and  phenanthrene  and  pyrene,  which  ham 
three  loops,  combine  with  four  atoms  less  than  benzene.*  The  additive  com- 
pounds of  the  halogens  with  naphthaleue,  anthniccuc,  phenanthrene,  pyrene  and 
chrysene  are  fai-  more  readily  produced  than  the  beuzeue  compounds,  and  do  not 
require  the  intervention  of  light.  Ae  ezperimente  haTO  not  yet  been  made  to 
aecertun  what  would  be  the  behaviour  of  theee  hydroearbons  under  conditions 
aimilar  to  those  which  lead  to  the  production  of  benzene  hexalromide  and 
hexachloride,  it  would  be  premature  to  attempt  to  draw  conclusions  from 
this  difference ;  but  the  subject  is  well  worthy  of  attention  and  investigation. 

It  is  a  question  whether  the  haloid  substitution  derivatiTee  of  hydrocarbone 
ofiheaerieeleolegoQawith  theparaAna  are  in  anyome  tftrife%pn»dttoed,  aawe 
snppoee  the  snbstitotion  derivatives  of  the  paraffine  to  be,  or  whether  their 
formation  is  not  alwnys  preceded  by  that  of  additive  compounds.  It  is  beyond 
doubt  that  additive  compounds  are  tirst  formed  in  the  case  of  the  hydroc^irbous 
of  the  series  intermediate  between  the  paruliins  and  the  benzenes,  aud  also  Irom 


*  It  is  remarkable  that  all  the  hydrocarbons  in  which  the  carbon  atoms  are 
supposed  to  be  united  so  as  to  form  a  closed  chain,  containing  two  or  more 
loops  united  together  at  (ico  points,  such  as  naphthalene,  tluorene,  acenaphthene, 
anthracene,  phenanthrene,  pyrene,  chrysene,  and  diuaph  thy  I  methane,  combine 
with  triaitrophenol,  and  that  thb  eombination  doee  net  ooenr  b  the  eaee  of  hy- 
dvoearbuns  such  as  diphenyl«  in  whioh  there  are  also  two  loops,  but  united  on^ 
at  one  point  It  is  noteworthy,  moreover,  that  a<lditive  compounds  h:ive  not  yet 
been  obtained  from  diphenyl  and  dinaphthyl,  although  from  Schult/.'s  ex^x^ri- 
ments  it  appears  probable  tbat  the  action  of  bromine  on  the  former  does  lead  to 
the  fctmation  of  an  additive  compoond. 


Digitized  by  CjOOgle 


« 


14^6.]  BBVnW  OV  VBK  HTDBOCABBONt.  895 

hydrocarbons  mieb  as  naphUialene  and  anthracene.  The  behaviour  of  benzene 
itself  justifies  a  !<iinilar  conclusion,  althouirh  tlie  extraordinary  facility  with 
which  cltioro-  and  broino-substitution  derivativets  of  it«  hij^her  homologuea  are 
formed,  esipecialiy  from  mesit^lene,.  tends  rather  to  favour  the  impression  that 
tbej  are  prodiifled  withoat  ths  intM?entioD  of  additiTe  eompoonda.  Tht  tmdj 
Ibrauitioii  of  dibromodiphenjl  bj  the  mere  addition  of  bromine  to  the  hydn»> 
CBrboQ  eospended  in  water  is  also  remarkable  in  this  respect.  It  must  be  borne 
in  mind,  however,  that  the  lower  bromine  additive  coin{K)und8  are  extremely 
unstable  bodien,  and  that  their  formation  is  therefore  very  likely  to  eocape  notice. 
Thus  although  benzene  hexabromide,  C\U,Br,,  is  a  very  atable  substance,  tho 
lower  eonpoands,  C,H,Br.  and  C\H,Hr^  (whioh  have  never  been  ieolated),  are 
appivently  very  unstablf,  the  ajiplitation  of  a  very  e^fhtdegree  of  heat  sufficing  to 
decompose  tht'iii.*  Similarly,  although  ividitive  compounds  of  naphthalene  and 
anthracene  with  chlorine  are  known,  currespondiii'^  bromine  cotnpoun<l«  have  not 
been  obtained,  naphthalene  yielding  mono-  and  dibromonaphthaieues,  and 
aathrMeoe  being  oonrorCed,  eren  I17  minimum  qnantitiea  of  bionune,  into 
dibromaathreoene}  so  nnsteblo  are  the  bromine  additivt  eompoonds  of  theee 
hydrocarbons. 

If  the  hydrocarbons  of  the  define  and  acetylene  series,  valylene,  and-  dipro- 
^irgyl,  are  compared  to;^ether  merely  with  reterence  to  their  behaviour  with 
bromine,  it  is  evident  that  they  are  strictly  isologoun  with  the  paraffins,  since 
they  eombine  vitit  an  amonnt  of  bromine  whioh  n  the  equivalent  of  the  hydrogen 
witlidrawn  in  their  formation  from  the  paralBns.  This  relation  does  not  obtain, 
however,  in  the  case  of  any  of  the  remaining  series  of  isologous  hydrocarbons, 
from  which  it  is  inferred  that  the  carbon  atoms  in  them  are  not  united  in  such  a 
manner  as  to  form  an  open  chain.  The  quetition  now  arises  whether  it  is  jpossible 
to  obtain  hydrocarbons  of  the  C.H^.,  and  higher  sertel,  having  the  earbon 
atoms  nntted  so  as  to  form  an  open  ehain  P  Direct  experiments  bearing  upon 
this  question  have  not  as  yet  been  made,  but  it  is  not  improbable  that  the  results 
would  be  ne<^tive.  \  somewhat  similar  question,  and  one  which  is  of  some 
interest,  is  wliether  a  H,,  hydrocarbon  iiiorneric  with  the  terpenes,  and  po8Kessed 
of  properties  which  wouldjuMtify  its  ranking  as  a  true  homologue  of  valylene,  can 
exist  P  Onr  pressnt  knowledge  almost  warrants  the  ooneinsion  that  sneh  a 
Iqrdroearbon,  even  if  ospabie  of  exbting,  would  be  extremely  unstable,  and  that 
it  would  be  readily  convertible  into  a  terpene ;  for  the  0,^11,,  hydrocarbon  obtained 
from  diamylene  ( 1 264)  has  the  properties  characteristic  of  the  terpenes. 

Another  allied  subject  requiring  discussion  is  the  componition  of  the  first  or 
lowest  term  of  each  of  the  series  of  isologous  hydrocarbons.  The  lowest  terra 
of  the  paraiBn  or  C^H^^  4  ,  aeries  is  mMhaae.  CH^,  bnt  the  first  term  of  the 
olefine  or  CnH^  series  i»  ethylene,  CJI^.  Numerous  experiments  have  been 
made  with  the  object  of  obtaining  the  hydrocarhmi  CHj,  which  have  all  resulted 
in  the  formation  of  C^H^,  and  it  appears  to  be  almost  Innond  question  that  the 
lowest  term  of  the  olefine  seriiw  which  can  exist  mubt  contain  two  atoms  of 
aariioii.  tkn  same  is  nndonbtedly  tme  of  the  CnH^_,  series,  acetylene  being  tha 


•  Experiments  have  recently  been  made  (Ador  and  Rilliet,  Deut.  chem. 
Oes.  Ber.,  viii.  1286),  but  with  no  very  definite  amount  of  success,  to  obtain 
derivatives  of  the  additive  compound  I^lir,,  by  adding  fin^t  a  small  quantity 
of  bromine  to  a  relatively  very  large  quantity  of  benaene,  exposing  the  well- 
eooled  mixture  to  ennligh^  and  then  acting  on  the  product  with  zincic  ethide : 
the  resulting  mixture  of  hydrocarbons  was  afterwards  submitted  to  oxidation.  The 
acids  obtained  in  this  wa|y  wore  benioic,  para-  and  metabromobenioiG,  isophthalie 
and  ierephthalic  adds. 
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lowest  possible  term  of  tlie  series.  With  ri'<;anJ  t-o  the  k-ast  number  of  carbon 
atoms  which  uiay  be  atii>uciated  with  hydrugt  u  in  the  prupurltuiu>  ueceb^iurjr  to 
form  lower  homologoes  of  valylene*  and  diprupargyl,  we  have  no  meaaa  at 
pre^^nt  of  judging ;  but  it  is  diflkalt  to  resist  the  im|^etion  that,  as  the  aeriea 
of  isologous  hydrocarbons  is  descended,  and  the  proportion  of  hydrogen  to 
carbon  diinininhes,  the  number  of  earboa  atoma  ooatained  in  the  first  term  of 
each  series  becomes  greater  and  greater. 

There  Is  also  very  little  evidence  to  show  how  few  carbon  atoms  can  be  muted 
together  ao  aa  to  form  a  eloaed  chain,  and  whether,  aa  appears  probable,  beniene 
is  the  simplest  ponsible  instance  of  this  kind.  There  are,  however,  as  Meyer 
has  pointed  out  {Ann.  Chcm.  Fharm.,  clxxx.  1 92),  a  considerable  numl>er  of 
facts  wliich  tend  to  prove  that  a  closed  chuiu  cannot  be  formed  from  three  car- 
bon atoms.  Thus  it  might  be  expected  that  a-dibromopropane  (l  1S9),  when 
heated.with  metallio  aodium«  would  fnrniah  a  hydvooarbon,  C,U,,  in  wbieh  the 
oarbon  atoma  are  united  in  a  eloaed  chab,  aa  repreaented  by  the  IbUowing 
equation: 

CH^  CH, 
I 

CH.        +     aNa    =     aNaBr  + 
I 

It  has  been  found,  however,  that  the  reaction  does  not  take  place  in  litis 
manner,  ordinary  propylene,  H^C  ZUCILCH^  being  produced,  fixamplee 
which  are  more  to  the  purpose  are  afforded  by  the  behaviour  of  bromisobutylene 
and  iodallylene  towards  alkalies.  It'  the  elements  of  a  molecule  of  haloid  acid 
wtire  withdrawn  i'rom  each  of  these  compounds,  hydrocarbona  containing  three 
atoms  oi  carbon  united  in  a  closed  chain  would  result,  thus: 


CH,  yCH.  CH, 

i    _  /r  I 


C    -  HI  «   (  c    .       acH,  - 

III  \^ 

CI  ''C  CHHr 

lodsUjflsiM.  Btoniwbu^jkD*. 

Iodallylene^  however,  ia  not  in  the  least  affeoted,  even  whea  heated  with  aodie 

ethylate ;  and  bromisobutylene,  which  is  not  attacked  by  an  aqueous  solution  of 
polasaio  hydrate,  ia  converted  into  the  ether,  C^H^OC,U,,  by  the  actiou  of  an 


*  The  eoiistitotion  of  valylene  has  not  been  determined,  but  it  is  probable 
tiiat  the  several  stages  of  its  fimnatUMi  firom  nmylcne  ace  oometly  repreesotod 
hj  thefoUoinng  fmrmolm: 

CH,  CH,  CH,  CH,  CH, 


C.CH,         Cfo.CH,  IcH,         (lfir.CH,  C.CH, 

II  J  I  J  II  *  I  »  i  • 
CU  CHBr  C  CBr  C 

I  I  II  JL  lll„ 

CH,  CH,  CH,  CH,  CH 

Aajlena.  Inqrlm  dUvomldt.  Tatwykaa.  TslerjkDsdibcaiBlik.  Valflms. 
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•IcoihoHe  solutioi],  and  does  not  Atrnish  a  hydroowlxm  evon  wbon  heated  with 
wlAld  potasxic  hydrate.* 

From  these  few  observations  it  will  bo  evident  how  much  remains  nnlmown 
wiih  regard  to  the  hydrocarbons,  and  how  dithcult  it  is,  thereiure,  to  institute  a 
ftatinfactory  ooroparison  between  the  Taiiooe  ieologooii  eerioii. 

The  fiiregoiiig  remarkii  lane  dealt  ehiefly  with  the  relations  of  ths  ▼arions 
series  of  istolo^us  hydrocarbon^  as  exhibited  by  their  belt  ivimir  with  chlorine  and 
bromine,  bnt  it  \a  interesting  also  to  compare  thetn  with  rdt-renco  to  their  be- 
haviour with  other  reaijents,  such  iis  concentrated  nitric  and  sulnluiric  afids,  and 
un  oxidation.    The  paratiins  resist  the  action  of  these  acid-^,  and  do  not  lurnish 
sabstitotioa  or  additive  oomponnds  with  them  similar  to  those  obtained  from 
other  hydrocarbons ;  the  olefines  and  acetylenes  combine  directly  with  sulphnrio 
acid,  and  also,  in  most  cases,  are  readily  polymerized  by  this  acid,  but  they  do 
not  yield  characteristic  |irodncts  when  submitted  to  tbe  action  of  concentrated 
nitric  acid.    The  teri)ene8,  or  C,^H,,  hydrocarbons,  appear  to  combine  with  sul- 
phuric acid,  hut  the  resulting  oomponnds  are  tteesnrely  unstable,  and,  there* 
fors,  by  the  aetion  of  this  reagent  they  are  nsnally  polymeriied  {  they  are  Tio- 
lently  attacked  hy  -trong  nitric  acid,  but  do  not  yield  characteristic  pnxlucts. 
Benzene  and  its  honioloijufs.  and  most  of  the  liydrocarluiTH  of  the  remaining 
isolosrous  series,  yield  substitution  derivatives  when  submittei  to  the  ai-rion  of 
concentrated  sulphuric  or  nitric  acid,  one  or  more  atoms  of  hydrogen  being  dis- 
pbesd  by  the  corresponding  nnmber  of  SO,H  or  NO,  groups ;  in  all  these 
hydrooariMxna,  it  is  aasnmed,  as  we  have  seen,  that  the  carbon  atoms,  in  part  at 
least,  are  united  so  as  to  form  a  closed  chain  ;  it  is  noteworthy,  moreover,  that 
the  hydrogen  atoms  wliich  are  displaced  are  always  attached  to  carbon  atoms 
which  form  part  of  the  ch>sed  chain. 

By  prolonged  treatment  with  oxidizing  agents,  the  paraffins  are  converted 
into  viztnrea  of  acids  of  the  acetic  and  sncoinic  series,  and  similar  products  ave 
obtained  from  the  oleBnes,  which,  however,  nre  far  more  readily  attacked  ;  the 
law  of  oxidation  of  these  series  of  hydiocurbuns  luis  not  been  ascertained:  it  is 
only  known  that  the  products  utually  contain  fewer  atoms  of  carbon  than  the 
hydrocarbon  oxidized.  Little  is  known  of  the  manner  in  which  the  hydrocarbons 
of  the  CoIlj„„^  and  C\,II,„_^  series- bchavc  on  oxidation,  bnt  the  investigation  of 
the  terpenes  in  this  direction  appears  to  promise  results  of  considerable  interest 
and  importance.  Benzene,  as  we  have  seen,  is  entirely  broken  up  on  oxidation, 
hut  its  homologues  beiiave  ditferently  :  the  closed  chain  or  group  remaining 
intact,  whilst  the  sida  chains  or  paraflin  residues  are  so  oxidized  that  only  the 
atom  or  atoms  of  carbon  which  are  directly  united  to  the  closed  chain  in  the  original 
hydrocarbon  remain  in  onion  with  it  in  the  oxidation  product.  The  hydroear* 
bon^^  of  the  remaining  series  exhibit  a  similar  behaviour.  Those  in  which  all 
the  carbon  atoms  to^'ether  form  a  cIojkhI  chain,  having  two  or  more  loops  united 
together  at  two  points,  yield  qainones  on  oxidation ;  these  are  formed  from  Uie 


*  Some  time  since  mnner  stated  that  the  hydrocarbon  C,H,  was  produced 
by  the  action  of  sodium  on  the  so-called  diclilorallylene  flrom  '*  cioton  chloral.** 

This  "  (-rot on  chloral"  is  produced  by  the  action  oj' chlorine  oh  acetaldehyde,  and 
wa-*  sujiposed  to  be  a  tricidorocrotonic  aldehyde  of  the  formula  C.JI , CI  . '  'OH. 
*'  diclilorallylene,"  C,H,Clj,,  being  formed  from  it  by  the  action  of  alkalies. 
Pinner  has  recratty  admitted,  however,  that  **  eruton  chloral,"  and  all  the  com- 
ponnds  derived  from  it,  contain  two  atoms  of  hydrogen  •moiv  than  he  originally 
Stated,  it  being  trichlorohutyt  ic  aldehyde,  the  hydrocarbon  C^H^,  being  in  reality 
allylene.  (\H^.  The  chlorobromo/>ro^jf^eM  derivatives  desoribed  on  p*  206 
are  couaei^ueutly  propane  derivatives. 
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hydrocarbon  by  the  displacement  of  two  atoms  of  hydrogen  by  two  of  oxygen, 
and  in  their  properties  doeely  resemble  quinone,  C^H^O,,  whidi  u  simiUrly 
relited  to  benieoa  although  it  has  not  been  obtained  from  it  dinoHj  hj  oadda- 
tion,  probably  bj  laaaon  of  the  very  slight  resistance  which  it  itadf  oppoiea  to 
oxidation.  ThdO,  on  the  other  hand,  in  which  the  carbon  atoms  are  partially 
united  in  a  closed  chain,  and  partially  form  an  open  chain,  behave  like  the  ben- 
zene homologuea,  the  closed  chain  usually  remaining  intact,  and  the  atom  or 
atoma  of  oaiboo  diiaotly  oiaociated  with  it  In  the  hydrooarbon  alone  lenaining 
vnited  to  it  in  the  oxidation  pvodoot 

It  ia  noteworthy  that  the  action  of  oridlang  aganti  upon  the  hydrocarbons 
differs  greatly  from  that  of  chlorine  and  bromine,  ninoe  carbon  atoms  united  only 
by  a  single  affinity  to  each  other  are  thereby  frequently  disunited ;  in  these 
cases,  however,  there  appears  always  to  be  an  accumulation  of  the  negative 
element  (oxygen)  at  the  point  of  raptore  previoaa  to  ito  oeeonenee:  dibenayl, 
C,H,.CHj.CH,,C,H,,  for  example,  being  doubtless  oonTerted  into  the  ketone 
dibeoaojl,  C,U^CX).CU.CfH,,  b^»e  it  ia  naolved  into  two  moleooles  of  benaote 
aeid. 

Hitherto  the  nature  of  the  differences  which  exist  between  the  various  series 
of  iaologooa  hydroearbona  have  been  diMy  considered,  but  it  ia  to  he  noticed 
that  them  ia  abo  a  progreadve  alteratmn  in  propertiea  in  tlie  ease  of  the  aoeeea- 
save  terms  of  each  homologous  series.    The  lowest  and  least  complex  nembera 

of  a  scries  are  invariably  the  most  stable,  and  the  stability  diminishes  progres- 
sivelv  as  the  series  is  aswnded ;  moreover,  the  lowest  members  are  least  readily 
acted  upon,  and  their  derivatives  are  more  stable  than  those  of  the  succeeding 
tenna.  Thna,  in  the  ease  of  the  paiaAna,  the  aotioDof  eblorine  appear*  to  take 
place  more  readily,  the  greater  the  number  of  carbon  atoms ;  and  the  same  rela- 
tion obtains,  but  is  much  more  marked,  in  the  case  of  benzene  and  its  homo- 
logues  :  on  the  other  hand,  the  mono-haloid  derivatives  of  methane  and  ethant 
when  submitted  to  the  action  of  alkalies,  iofc  haloid  acid  only  at  a  high  tempera- 
ture, whereas  those  of  theaoooeeding  homologues  are  converted  into  olefinea  with 
inereaaing  fiMsility  as  the  seriaa  la  aaeended.  Again,  the  olefinea  appear  to  oom- 
bine  with  the  halogens  the  more  readily  the  more  complex  they  are,  but  the 
resulting  compounds  are  the  more  stable  the  fewer  the  carbon  atoms  they 
contain.  The  same  is  true  with  regard  to  the  Ix-haviour  of  homologous  hydro- 
carbons wilh  oxidizing  agents :  oxidation  being,  as  a  rule,  effected  the  more 
leadily  the  nKwe  eomj^es  the  hydrocarbon.  It  la  ncecasary  to  remember, 
however,  that  owing  to  the  oocarrenoe  of  isomerism,  all  the  membera  of  an 
homologous  series  are  not  strictly  comparable ;  the  several  terms  in  an  isomeric 
series  of  hydrocarktns  may  difier  greatly  in  properties,  and  therefore  in  order  to 
ascertain  the  true  relations  of  homologues,  and  the  effect  of  a  repetition  of  a 
similar  alteration  in  oouiposition,  it  is  neceesaiy  to  compare  together  only  those 
homolognes  which  ooonp^r  aimilar  poaitiona  in  the  isomeric  aeriea  to  whidi  they 
respectivt  ly  belong. 

It  has  been  pointed  out  above  that  the  paraffins,  olefines,  acetv-lenes.  valylene, 
and  dijiropargyl  may  be  regarded  as  terms  in  a  series  ol"  strictly  hoinologoun 
hydrocarbons ;  the  carbon  atoms  in  these  hydrocarbons  being  always  united  in 
the  form  of  an  open  ohain.  There  is  litde  doubt  that  the  generation  of  the 
olefines  by  the  withdrawal  of  a  moleonle  of  hakid  aeid  from  tiie  monohaloid 
derivatives  of  the  paraffins,  and  of  the  aeetylenea  from  the  monohaloid  deriva- 
tives of  the  olefines,  takes  place  in  accordam  e  with  a  law  which  is  probably  nf 
general  application  in  all  cases  of  withdrawal  of  haloid  acid  from  haloid  deriva- 
tives. Sufficient  material  has  already  been  accumulated  to  enable  us  to  define 
with  oonsidenible  probahili^  the  nature  d  this  law.  It  is  requmte^  in  the  first 
plaoe^  to  hear  in  mind  that  in  all  the  olefinea  two  of  tiie  earhon  atoms  are  viutcd 
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by  two  affinitiei*  of  each,  bo  that  they  are  necessarily  contiguous:  this  is  a 
oecesiuiry  int'tfrence  from  the  proof  above  given  that  CHrii>oa  atomti  which  are  onlj 
tmited  bj  single  Affinitrat  Me  not  disunited  bj  the  aetioo  of  bcomine,  end  thel 
ooQsequently  the  oarbon  atoms  in  the  olefines  do  not  form  a  dosed  eh«n»  which 
is  the  only  alternative  if  it  be  not  admitted  that  two  of  them  are  united  by  tw6 
aflSnities  of  each.  In  the  formation  of  the  olefines,  therefore,  from  the  mono- 
haloid  paraffins,  the  atom  of  halogen  and  an  atom  of  hydrogen  which  are 
attached  to  contiguous  carbon  atoms  are  withdrawn.  If  now  we  regard  the 
fimnatioii  of  the  tkrm  botjleoee  fiom  the  iodotekniMa  or  bntylio  iodides, 
M  icpneented bj  the  feUowiiig  equitioBS: 

CH,.CH,.C11,.CH,I  -  HI  a  CH^CH,.C1I_CII,, 
PriiMiybntTKeiodMa.  IttiyMhfkML 

CH,.CH,.CH1.CH,  -  HI  =  CH,.CH— CH.CH,. 

BMonduybatjIietoOds.  ••Dimetlijlatiijkna. 


Isoprimiu-jr  liutjUc  iodide. 

(CHJ.CI 


-  HI  «  (CHJ.CnCH,. 


and  of  heptylene  from  the  iodide  of  dimethylisobntylcarbinol : 

(CH,),CI.CII,.C'H(C1I,),  -  HI  «  (CH,)X\— CH.CH(CU,)„ 
DioMUijUtobat^rlcwbjUc  iodide  iMpropjldimelbjlatbjrlMM. 

it  is  evident  that  the  hydrogen  in  always  withdrawn  from  the  least  hi/Jrogenized 
carlK)!!  atom  contiguous  to  that  to  which  the  halogen  is  attached.  This  rule 
appears  to  be  of  general  application,*  it  is  not,  however,  a  guide  in  the  case  of 
the  formation  of  the  oletineti  from  the  alcohols  by  the  action  of  dehydrating 
agente,  audi  as  sinoio  chloride;  einee,  ae  Flavitxaky's  ezperimente  have  eondu- 
sively  proved  {ibid,  p  340),  the  amylene  thus  prepared  from  isoprimary  amvlic 
alcohol,  CH,(0II).C1I,.CH(CHJ,,  is  a  trimethylethylene,  CH,.HCZZC(CHJ,. 
But,  aft  already  pointed  out  (p.  194),  the  reaction  in  the  latter  case  gives  rise  to  a 
very  complex  product,  and  the  occurrence  of  isomeric  change  is  therefore  by  no 
meeae  enrprising.  The  fonnation  of  trimethylethylene  in  this  manner,  how- 
erer,  is  of  conddeimble  interest  as  an  allustration  of  the  tendcncj  whidi  ^»pears 
Tery  generally  to  exist  for  isomeric  change  to  ooeor  whenever  then  is  a  poesihililgr 
of  the  production  of  new  methyl  pTf>np8  in  a  compound. 

If  we  now  turn  to  the  lorniation  of  the  acetylenes  from  the  dihuloid 
paratliuM  and  moiiohaloid  oletiues,  we  lind  that  the  law  above  enunciated 
equally  obtaine.   The  formation  of  the  monobaloid  olefinse  from  tiio  dihaloid 


•  In  describinjif  the  olefines,  the  butvlone  from  secondary  butylic  iodide  was 
represented  as  a  dinu  th}  lethylene  of  the  formula  CHj.HCzzCH.CH,,  and  it  was 
pointed  out  that  the  hexylene  from  mannite  was  probably  a  propylmethylethylene 
of  the  fonnola  CH,.HCl=CH.( ,  11,^.  Sinee  then  Sajtaeirs  investigation  of  the 
defines  from  normal  butylic  alcohol  and  diethylcarbinol  has  been  published  (^nn. 
Chem.  Phann..  clxxix.  296),  and  the  results  he  obtains  entirely  confirm  onr 
views  with  regard  to  the  nature  of  the  olefines  from  secondary  butylic  and 
hexylio  iodides.  Probably  also  the  octylene  from  normal  secondary  uctylis 
alddiyde  is  notbexylethylene,but  amylmethylethylene,  CH,.HQz;CH.C,Hj^*  . — 
Sin. 
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paraffins  diffi'rs,  liowevor,  somewhiit  from  tliat  of  the  oU'finps  from  thp  mono- 
I)j\l()icl  paraffin?,  sincf  acTOnliiii''  io  our  present  kiiowlt'd^e,  tliere  appears  to  K'  no 
tendency  in  the  latter  case  lor  all  the  possible  products  to  be  funned:  secondary 
Imtylio  iodide,  CH,.CH,.CHI  CH,,  for  example,  yielding  only  a-dinwiliylethy- 
lene,  and  not  a  miztnra  of  it  with  ethylethylene ;  whereas  two  of  the 
pOMible  prodiu-ts  are  (probably  always)  obtained  from  the  dihaloid  paraf- 
fins. Thug  /3-dichloropropane  or  propvlenic  chloride,  C'H,.CH(''1.('H  Cl, 
fnmishes  both  ;3-chloropropylene,  CHj.ClIll_CHCl,  and  y-chloropropyiene, 
CHy.CCllzCI I,,  on  treatment  with  potaasio  hvdrate ;  it  i«  interesting;  to  nole^ 
however,  that  the  third  pomible  isomeride,  a-ohloropropyleiie,  CH^zCSH.CH^Cl, 
the  formation  of  which  involves  the  greatest  departure  from  the  law 
which  obtains  in  the  case  of  the  oUfines,  is  not  produced.  Moreover,  the 
nionobaloid  ulefine  which  should  be  formed  accordiui;  to  the  law  enuucialed  fur 
the  oletinea  generally  appears  to  be  the  chief  product;  although  this  }>n)bably 
dependM  mueh  on  the  oonditioni  of  experiment,  aince  y-triohloropropane, 
CH,.0CI,.CH,C1.  furnishes  a  mixture  of  ^-dichloropropylene.  CH^CCl.CH.Cl, 
rad  ^-dichloropropylene,  CH^.CCl  CH^Cl^  when  treated  with  water  or  witik 
pot;i«sic  hydrate,  the  latter  being  chiefly  produced  when  potossio  hydrate  is 
employed  and  the  former  when  water  is  the  aj^ent  (p.  205). 

The  formation  of  the  acetylenes  from  the  monohaloid  paraffins  takei«  place,  in 
many  cases  at  least,  in  aooordanee  with  the  law  which  goveme  the  production  of  the 
definea»bnthithrrto  very  little  has  been  done  towards  a.scert4iihing  their  constitu- 
tion. The  production  of  acetylenes  capable  of  forniiu;;  metallic  derivatives,  and 
contaiuiut;  therefore,  we  assume,  the  =CII  group,  from  the  dichlorinated  paraf- 
fins formed  b}'  displacing  an  atom  of  oxygen  in  the  aldehydes  of  the  formula 
CaIl,Q.^,.CH,.COU  by  two  atoms  of  chloiine  (p.  2l5)»  is  entirely  in  aooofdaiioe 
'with  this  aasnmption,  thus : 

CaH,„+,.CH,.CHCl,   =    C„H,„  +  ,CHIZCIICI    -f-  IICI 

Dihaloid  parafDn.  Monohaloid  olcflne. 

CbHj„  +  ,.CI|— CHCl    =    C„Hj„  +  ,.Ci:^CH    -I-  HCl 

MoDohftloid  oloflno.  Acctj  lene. 

although  the  formation  from  methylethylketone  and  methylpropylketone  of  hydro- 
carbons having  similar  properties  by  a  parallel  reaction  is  contrary  to  the  law  in 
question : 

CIT,.rri  .CIT^.CTT,   -    2HCI    =  .HC=C.CH^.CH, 

DUukloid  paraflio  from  loethjl*  EthylaoetvleDe. 
•UijlkflloiM. 

CH,.CC1,.CU,.CU,.CH,  -   2Ha   =  HC^.CH^CH,.CH.. 

IHhidstd  parsflb  from  mstbyW  Proigrlaes^laM. 
ptopglkctaBS. 

Certain  of  the  monohaloid  olefinea  fail  to  fhrnieh  corresponding  acetylenes, 

o-bromopropylene  or  allylic  bromide,  for  example,  being  converted  by  an 
alcoholic  solution  of  potnssic  hydrate  into  ethylallyl  ether,  CjH^.O.CjlI^,  whereas 
its  isomerides  yield  ally  lene,  C,H^j  the  bromobtttyleue  (CU^jCfziCHBr  aa 
already  noticed  behaves  similarly. 

The  olefinea  and  acetylenes  combine  with  the  haloid  adds,  Ae.,  according  to 
A  law  jott  as  definite  aa  that  which  governs  tiieir  formation.  The  combination  of 
the  haloid  acids  with  the  oleiines  appears  always  to  take  place  in  such  a  manner 
that  the  halo:,'en  attachcB  itself  to  the  least  hydronmizrii  earhon  atom;  thus  the 
butvletie  elhvlethylene,  ILCZZCH.Cjr,,  forms  witli  hydriodic  acid  secondary 
bntylio     iodide,    H.,U.CllI.C,iI^    aud    its    isoweride  ^-dimeliiyieiliylene. 
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H,C=C(CH^,.  is  dumted  into  ttriauy  botjrlio  iodide  H,C.CI(CH,),,  whiUt 

the  atnylene  inopropylethylene,  H/3^C!H.C,H,^  ,  (braiahes  the  secondary  iodido 
HjCCHI.CjHy^  .  All  these  cxatnplefl  are  illustrations  of  the  tendency  to  accu- 
mulate methyl  groups  above  alluded  to.  When  two  equally  hydrogeniaed 
carbon  atoms  are  present,  as  in  the  amylene  obtained  from  diethylcarbinol, 
H,C.HC=CH.CH,.CH,,  and  fhe  beiylene  from  Moondaiy  beijlic  iodide  fiom 
nunnite,  H,C.HClzCU.C,H,« ,  the  halogen  beeomos  attoblied  to  the  eerbon 
atom  to  which  the  methyl  group  is  united :  these  two  compounds  famishing 
respectively  the  iodides  H,C.C11I.CH,.CH,.CH,  (Saytzeff  and  Wa<rner,  Ann. 
Chem.  Fharm.,  clxxijt.  313)  and  H,C.CHI.CH,.C,H,»  .  When  no  methyl 
group  iy  attached  to  either  of  the  carbon  atoms  which  are  united  by  two 
sfBnities,  the  halogen  probablj  ittaohM  itself  to  that  with  nhioh  the  least 
complex  or  most  stable  group  is  united.  Yery  little  is  known  of  the  hydro- 
carbons of  the  acetylene  series,  but  they  appear  to  behaye  similarly. 

When  the  oletines  combine  with  the  haloid  acids,  isomeric  products  are  not 
obtained,*  but  the  result  is  diiferent  when  they  combine  with  hypocLlorous  or 
enlpbBiie  aeid.  Thee  finm  Henfy's  and  MariniwnikoCe  eiqpenments  (Compt, 
Send,,  hnx.  1203  and  1258;  Deut.  ciem.  Of*  JBer^  TiiL  I468)»  it  aftpaars 
that  propylene,  CI^JSCtZlCH,,  wiites  with  hypochlorous  acid,  Ggraiing  dthsr 
roonochlorinatcd  primary  propylic  alcohol,  CII  .r'HCl.CHj(OH),  or  monochlori- 
nated  isoprimary  propylic  alcohol,  CHj.Cli(Uii).CH.^Cl ;  and  that  trimothyi- 
ethylene,  CHj.HC_zC(CH,)j,  may  form  with  sulphuric  acid,  either  the  compound 

CH,  .H,C.C(HSO,KCH,),  or  CH,.CH(H80«).CH(CH,), :  the  ibrmer  being  pro- 
dnced  under  the  influence  of  a  more  concentrated  acid  than  the  latter  {Utid.  viii. 
1 240).  The  different  behaviour  of  the  haloid  acids,  and  of  hy|  ochlorous  and  sul- 
phnric  acids,  is  in  a  measure  explicable  when  it  is  remembered  that  in  the  haloid 
acids  the  powerfully  negative  halogen  is  associated  with  the  positive  hydrogen, 
whereas  we.may  regard  hypo^oconi  add  as  IbnDed  of  the  two  n^dss  OH  and 

CI,  both  of  whieh  are  negatiTe  $  and  in  adpborie  add,  the  gnnip  SO^H  is  fiur 
less  negative  relatively  to  the  remaining  atom  of  hydrogen,  than  ia  the  halogen 
in  tli»'  haloid  acids  to  the  hydroj^en  associated  with  it. 

The  combination  of  the  haloid  olclines  with  the  haloid  acids,  however,  often 
results  in  the  formation  of  isomeric  bodies.  Thus  bromethylene,  H,ClzCHBr, 
fomishes  a  mixtars  of  the  two  dibromethanes,  CH,.CHBr,  and  CH,Br.CH,Br, 
and  many  similar  instances  might  be  quoted.  The  relative  proportions  of  the 
i>onierides  produced  appears  to  he  entirely  dependent  upon  conditions  of  experi- 
ment, just  as  in  the  case  of  liie  sinmltaneous  formation  of  isomeric  nionohaloid 
derivatives  of  the  oleHnes  from  the  dihaloid  para£&us.  Tliu»  a-bromopropylene 
or  allylic  bromide,  H,CziCH.CIl^Ur,  is  almost  oomplettdy  converted  into 
o-dibronMpropane^  CH^.CH,.CH,Br,  by  heating  with  »  aatorated  eolation  of 
hydrobromio  add,  but  if  a  less  concentrated  add  be  employed,  mMe  or  leee 
/3-dibromopropanp,  CH  .('IlHr.ni  T5r,  is  formed. 

Lastly,  it  is  important  to  compare  the  behaviour  of  the  hydrocarbons  of  the 
TSriouM  series  with  chlorine,  bromine,  nitric  acid,  Sm.,  with  reference  to  the 
ecMistitntion  of  the  sabstitation  derivatiTes  which  are  thui  formed.  Unfortu- 
nately, except  in  the  beniene  series,  very  little  systematio  research  has  been 
executed  with  the  view  to  ascertain  the  law^s  which  govern  substitution.  We 
owe  to  Schorlemmer  the  important  discovery  that  two  isomeric  nioiuM-hlorlnated 
paraffins  are  simultaneously  generated  by  the  action  of  chioriue  on  the  normal 


*  It  is  not  improbable  that  the  higher  ol>  fines  will  be  found  to  furnish 
ij^omeric  compounds  with  the  haloid  acids,  and  similarly  the  higher  monohaloid 
parathus     furnish  isomeric  olcfiues. 
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paraffins ;  but  UtUe^lioweTer,  is  known  of  the  iaomerie  ptnffins,  and  it  is  merely 

probable  that  many  of  them  behave  similarly.  The  two  monochlorinatcd  normal 
paraffins  are.  it  would  Beem,  always  formed  by  the  displacement  of  an  atom  of 
liydrof^en  either  in  the  CH,  group  or  in  the  CH^  groap  with  which  the  CH, 
group  is  anociated.  Onr  knowledge  of  tki  loiilitr aelkm  of  cUotino n  fKttWMly 
uiMitisfiMtoflx.  InthooaMofethana,  tbettndeDqrisfivtiMatonsofhydneiB 
atteehed  to  the  one  atom  of  carbon  to  be  duplaced  before  those  attached  to  tiio 
other  are  affected,  although  there  is  rea-^on  to  believe  that  a-dichlorethane  or 
ethylene  chloride,  CH  Cl.CH^Cl,  is  formed  tof^ethcr  with  /3-dichlorethane  or 
ethylidene  chloride,  CH,.CII,C1,,  by  the  action  of  chlorine  on  chlorethane  (p.  200), 
Mpeeiallj  m  bromethine  u  knoini  to  fonrali  the  two 
when  heated  with  bromine  (Tawildarow,  Ann,  Okem,  Pharm.,  dxxvi.  12). 
The  only  other  reliable  observations  bearing  upon  this  question  in  the  case  of 
the  parnflins,  are  tho«^  of  Friedel  and  Silva,  according;  to  whom  both  a-  and 
/S-chloropropane,  CH,.CH,.CH,Cl  and  CH,.CHCl.CH,,  furnish  /3-dichloropropane, 
CH^.CHCLCH,C1,  the  latter  also  yielding  MicUoropropane,  CH  .CC1,.CH, ; 
whikt  j9-diehk«0|iiope3M  is  eonveited  into  a  mixture  of  a-trichloropropanc^ 
CH,<3I.CHC1.CH,C1,  and  /3-trichloropropane,  CII,.CHCI.CHC1,,  by  heating  with 
iodine  chloride.  It  is  difficult,  therefore,  in  the  case  of  the  paraffins,  to  say 
whether  an  at^im  of  chlorine  or  bromine  associated  with  a  carbon  atom  tends  to 
attract  a  second  atom  of  chlorine  or  bromine  to,  or  to  repel  it  from,  the  same 
eai'hon  atoin> 

The  nature  of  the  aetion  of  the  halogens,  Ac,  on  benzene  and  its  hoinolo- 

fjues  has  been  already  very  fully  discussed.  It  is  only  necefwary  to  recall  the 
fact  that  in  the  case  of  the  halogens,  the  tendency  is  always  to  produce  the  pars- 
er i  :  4  di-derivatire  and  a  variable  amount  of  the  ortho- or  1  :  2  di*derivative  ; 
by  the  continued  action  of  the  halogen,  the  1:2:4  tri-deriTative  appears  to 
he  the  main  if  not  the  sob  prodoet  formed  from  the  pan*  meta-  and  orttio> 
di-derivative«.  There  is  also  the  same  tendency  to  produoe  a  para-  and  ortho- 
di-derivative  when  nitric  or  sulpliuric  acid  acts  on  a  nionnbaloid  derivative  of 
b«'ii/.ene,  and  to  form  a  1:2:4  tri-di-rivative  when  they  act  upon  the  di-haloid 
derivative:  in  fact,  under  all  circumstances  the  1:2:4  tri-derivativea  are 
prodneed  in  preference.  Finally,  it  is  to  be  noticed  that  the  formatkn  of  aahatfte- 
tion  derivativee  from  the  hydrocarbons  isologous  with  benzene  by  the  ^Uqilaea- 
ment  of  hydrogen  atoms  attached  to  the  carbon  atoms  which  are  united  in  a 
closed  chain,  to  judge  from  the  relatively  small  amount  of  -evidence  at  our  dis- 
posal, appears  to  take  place  in  a  manner  precisely  Bimilar  to  that  observed 
in  the  case  of  benzene ;  para-  and  ortfao-  di-derivativee  bebg  formed  by  the 
action  of  the  halogens,  and  meta-  di-derivatives  being  seldom  prodnoed  ex- 
cept by  the  agency  of  nitric  and  sulphuric  acid.  In  fact,  suha^tntion  gene- 
rally, including  such  cases  as  the  formation  of  the  bt  iizylbenzenei^  hoDiyltlH 
lueoes,  and  phenanthrene,  appears  to  be  regulated  by  similar  laws. 
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CHAPTBE  VL 

THI  ALCOHOLS. 

§  I.  ASct^xib  of  the  CJS^^y,OH  orethyUc  mies; — §  II.  JkohoU 
pf  the  C^ff^_i.OH  or  aUyUe  jmet §  III.  AlcokoU  of  the 
C^^^OH  and  CJS^^^,OH  ieries  ;Hi  IV.  AkohoU  the 
CJI^^f.Off  series  Y.  Monohpdric  akohole  derived  from 
the  hydrocarbone  isok^foue  wUh  benzene ; — §  VI.  Aleoholi  €f 
the  C,ffu{OH)i  or  glycoUe  series  YIL  Alcohols  of  the 
C^J^u-siOH^  Mfiet;— §  VnL  Dihydrie  alcohols  of  other 
series; — §  IX.  Alcohols  qf  the  CJI.^_^[OH)^  series; — §  X. 
Alcohols  of  the  CJf^_^(OH)^  series  XI.  Alcohols  of  the 
C'./4.-2(OH)^  «er/e*;— §  XII.  Alcohols  of  the  CJI^^{OH)^ 
series XIIL  Alcohols  of  the  CJf,„_^{OH)^  series,  the 
glucoses y  sucroses,  and  amy  loses; — §  XIV.  Thioakohols  of 
various  series. 

(1417)  General  Character  of  the  Alcohols. — 'Rie  term  alcohol 

is  of  Arabic  origin,  and  was  originally  applied  specifically  to  the 
volatile  inflammable  spirituous  liquid  which  is  the  characteristic 
product  of  the  fermentation  of  sugar ;  since  then,  however,  it 
has  been  made  generic,  and  extended  to  a  clii^s  of  bodies  which, 
for  the  most  part,  possess  qualities  more  or  less  analogous  to 
those  of  spirit  of  wine  or  ethylic;  alcohol. 

The  term  alcohol  has  recently  received  a  still  further  extension 
of  meaning,  and  is  now  generally  applied  to  all  those  compounds 
of  carbon,  oxygen,  and  hydrogen,  which  may  be  regarded  as 
derived  from  a  hydrocarbon  by  the  displaccincnt  of  one  or  more 
hydrogen  atoms,  by  an  c<]ual  numlxT  of  the  monad  grouj)  OH  : 
thus  including  such  substances  as  glycerin,  mannite,  phenol, 
benzhydrol,  orcin,  and  pyrogallol;  and  it  is  in  this  extended 
ngnification  that  the  term  alcohol  will  he  employed  in  this 
Tolnme. 

It  is  CYident  that  not  only  will  each  series  of  isologoiis 
hydrocarbons  be  capable  of  giving  rise  to  a  corresponding  series 
of  alcohols,  but  that  the  same  hydrocarbon  may  give  rise  to 
alcohols  of  a  difierent  class,  according  as  one,  two^  three,  or  more 
hydrogen  atoms  axe  displaced  by  one,  two^  three^  or  more  Oil 
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groupt.    For  instance,  not  onlf  do  the  isologous  hydrocarbons 

bexane^  ^  u^^iv  benzene,  C^H^,  ^ve  rne  to  tbe  aloobob 
CgH,3.0H  (hexylic  alcobol)  andCeH,.OII  (phenol),  but  tbe  same 
hyrlrocarbon  benzene  yields  phenol, Cgllg.OH,  resorcin,  CgH^(OH)j, 
and  pyrogallol,  C,.H,,(OII).j,  all  of  which  come  under  the  defini- 
tion of  aleuhols.  In  order  to  distinguish  tlic  alcohols  containing 
one  Oil  group  from  those  which  contain  two,  the  former  are 
called  monohydric  alcohols,  and  the  latter  dihydric  ;  the  terms 
trihydric,  tttruhydric,  &c.,  being  similarly  employed  to  designate 
those  which  contain  three,  four,  or  more  OH  groups  * 

It  is  important  to  notice  that  the  number  of  polyhydric 
alcohols  which  may  be  obtained  from  any  hydrocarbon  is  ap- 
parently limited  by  the  niiniber  of  carbon  atoms  it  contains,  for 
it  has  been  found  that  each  carbon  atom  never  unites  with  mure 
than  one  OH  group  to  form  a  stable  combination  ;t  thus,  although 
methane,  CII,,  can  yield  a  monohydric  alcohol,  CIIg.OH,  no  cor- 
responding dihydric  alcohol,  CH2(OH)3,  has  been  isolated  ;  from 
ethane,  C^H^  a  monohydric  alcohol,  CoH^.OH,  can  be  obtained, 
and  also  a  dihydric  alcohol^  Cfijf}^)p  but  no  tribydric  or 
tetmhydric. 

§  L  MONOHTDBIC  AlXX>BOLS  OF  THB  CBHm4.|.0H  OB  EtHTUC 

Sbbiss. 

(1418)  This  series  contains  by  far  the  largest  number  of  those 
alcohols  which  are  best  known  and  which  have  been  most  eom- 
])letely  investigated.  Their  modes  of  formation,  reactions,  and 
chemical  relations  may  best  be  illustrated  by  considering  them 
as  derived  from  the  corresponding  paraffins  by  tbe  displacement 
of  one  atom  of  hydrogen  by  one  OH  group,  although  they  may 
also  be  regarded  as  compounds  of  bydroxyij  OU,,  irith  positive 
monad  organic  radicles  of  the  methyl  scries,  or  as  water  in  which 
one  atom  of  hydrogen  has  been  displaced  by  tbe  radicle.  For 


*  The  terms  monatomic,  diatomic.  Sic.,  have  been  used  for  the  purpose  ol 
dawifieatlon  of  the  alcohols  in  the  tame  tense  as  monohydric,  dihydric,  Ac^  hot  s 
reference  to  the  meaning  attached  to  the  word  atomic  (note  pw  44)  will  at  onoe 

show  the  inconsistoncy  of  such  a  nomenclature. 

t  The  jKfsxil/ilifi/  of  the  cxi.-ti'nce  of  tuiii pounds  in  which  moro  than  one 
Oil  group  is  directly  associated  witli  the  same  carbon  atom  is  even  disputed  by 
some  diemittt.  Many,  however,  contend  that  they  are  capable  of  existing  in 
the  presence  of  an  exccet  of  water ;  and  that  it  b  impoasible  to  iaolate  them 
merely  on  account  of  their  instability  nn<l  the  tendency  which  they  exhibit  fo 
split  up  with  elitninati(<n  of  the  elements  ol  a  molecule  of  water.  Thia  wljcrt 
will  be  more  full^  treated  when  the  dihydric  alcohols  are  discussed. 
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instance,  ttc  may  suppose  ethylic  alcohol^  CH,.CHg(OH)  or 
CgHj.OH,  either  to  be  derived  from  ethane,  CH,.CH3«  by  the 
dispiacement  of  H  by  OH,  or  to  be  formed  by  the  imion  of  the 
ndide  ethyl,  CH«.CU,  or  Cfi^,  with  hydioxyl,  OH,  or  we  may 
represent  it  as  water,  OHy  in  which  H  has  been  displaced  by 
C^Hf .  Obviously,  howerer,  these  are  mere  distinctions  in  words, 
and  indicate  no  real  differences. 

Of  these  alcohols  the  following  terms  are  known : 

Mothylic  alcohol   CH^.OH 

Ethylic       „   C2H5.OH 

Propylic      „    CjH,.OH 

Butylic  or  tetrylie  alcohol  .    .    .  C^II,.OH 

Pentylic  or  amylic      „      ...  Cjllji-OH 

Hcxylic  alcohol   C^U^^  OU 

Heptyiic    „       .......  CJI,..Oir 

Octylic      „  CgHp.OII 

Nonylic     „    C^H^.OH 

Cetylic      „    C„H„.OH 

Cerotic  or  cerylic   C^H,|.OH 

Mdissic     „    €,oH0,.OH 

(14 19)  Classification. — The  ethylic  series  of  monhydric  alcoln)l9 
comprises  a  larj^e  number  of  isomerides,  which  may  be  cou- 
veiiieutly  arranged  in  three  great  grouj)^  of  primary,  st'condarij, 
and  /er/iary  alcohols ;  these  being  again  divisible  into  sub-groups. 
The  members  of  each  of  these  three  groups  are  especially 
characterized  and  distinguished  the  one  from  the  other  by  their 
behaviour  on  oxidation.  Moreover,  the  boiling  points  of  any  oue 
of  the  primary  alcohols  is  always  higher  than  that  of  the  corre- 
sponding secondary  alcohol,  and  the  latter,  again,  higher  than  that 
of  the  corresponding  tertiary  alcohoL 

Kolbe  was  the  first  to  apply  a  systematic  classification  to  the 
alcohols,  giving  them  the  generic  name  of  carhinols.  In  his  system, 
the  first  term  of  tlie  scries,  methylic  alcohol,  CHg.OH,  is  called 
carbinol,  and  all  the  homologons  alcohols  are  regarded  as  derived 
from  it  by  the  displacement  of  one  or  more  of  the  three  hydrogen 
atoms  of  the  CH,  gfoop  by  monad  radicles  of  the  form  C^H^^^ ; 
thns  ethylic  alcohol  is  me%l  entUnol,  CH^^CHJ.OH,  being 
derived  from  carbinol,  CI^.OH,  by  the  displacement  of  one  of 
the  hydrogen  atoms  by  CH^;  normal  propylic  alcohol  again  is 
eikif I  carbinol,  CH,(C,H|).OH,  whilst  the  isomeric  isopropylic 
alcohol  is  dbneih^l  carbmol,  CH(CHj)2.0H.  Those  alcohols 
which,  from  their  manner  of  formation  or  the  reactions  they 
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exhibit^  may  be  regarded  as  derivatives  of  carbinol  in  wliich  only 
a  single  hydrogen  atom  in  the  CH3  group  is  displaced  by  a 
C^H^  radiele  are  termed  priinary  alcohols  ;  whilst,  if  two  atoms 
of  hydrogen  are  displaced  by  radicles  of  the  general  form 
C„H,n^j,  the  alcohol  is  a  sccujidajy  alcohol;  and  in  a  similar 
manner  those  in  which  all  three  are  displaced  are  called  tertiary 
alcohols.  The  three  gronps  of  primarVj  seeoudan,',  and  tertiary 
alcohols  may  therefore  be  represented  by  the  following  general 
formob^  CHg.OH  being  that  of  methylic  alcohol  or  carbinoi 
itself: 

CH,(C,H^^J.OH  ,  CH(C.H^^,),.OH  ,  C(C,H^^0,.OH. 

It  should  be  obserred^  however^  tliat  in  a  secondary  alcohol  it  is 
not  necessary  that  both  the  monad  radidea  lepresented  by  the 
general  foimnla  C.H^j^^i  should  be  the  same ;  for  instance^  one 
of  the  gronps  may  be  methyl,  and  the  other  ethyl,  ginng  rise  to 
the  secondaiy  aloohd,  methylethyl  carbinol;  CH(CH^(CsH  J.OH. 
This  remark  applies  with  equal  fonse  to  the  tertiary  alooludsy 
although  as  yet  no  alooh«)b  have  been  prepared  containing  more 
than  two  different  radides. 

(1490)  Immerim  of  the  AJe^oh  qf  the  BihjfUe  Sertet.— As 
there  is  every  reason  for  believing  that  the  three  hydrogen  atoms 
of  the  methyl  group  in  carbinol  are  of  equal  vmlue^  only  one 
ethylic  alcohol  can  exist ;  this  is  derived  from  carbinol  by  the  dis- 
placement of  one  atom  of  hydrogen  by  methyl : 

CHrOU  CH,.CH^,.OH. 

Of  the  next  term  of  Hie  series,  however,  propylic  alcohol,  two 
isomerides  are  possible ;  one  fonned  by  the  displacement  of  cue 
atom  of  hydrogen  in  carbinol  by  ethyl,  the  other  by  the  dis- 
placement of  two  hydrogen  atoms  by  two  methyl  groups : 

C^,.CH,.OH  (CH^,CH.OH. 

As  the  series  of  alcohols  is  ascended,  the  number  of  possible 
isomeric  modifications  increases  very  rapidly;  thus  the  alcohol 
C^Hg.OH  (butylic  alcohol)  admits  of  four  different  modifica- 
tions, all  of  which  have  been  obtained ;  they  may  be  considered 
as  derived  from  carbinol  in  the  manner  indicated  by  the  fol- 
lowing formulae ; 
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CHo.CUj.CHj 


(oh 


fCH(CHJ, 

a 

H 


(CM, 

H 
OH 


fCH, 
iOH 

TkimethTl 
•tfUnoL 

Two  of  these,  it  will  be  Men,  are  primaiy  alcohols ;  one  is  a 
secondary,  and  one  a  tertiaiy  alcohoL  If  we  suppose  the  gronp  OH 
removed  firom  each  of  these  formnbe,  fimr  isomeric  monad  hydro- 
carbon groups  (butyls)  romam— namely^  CH^^CHg.CH^.CHjp 
CHg.CH(CH^y  CHCCigcCJI  j),  and  C(CH  J,— and  by  introducing 
these  into  carbinol  in  place  of  one  atom  of  hydrogen,  four 
isomeric  primary  butylcarbinols,  or  amylic  alcohols,  will  be  ob- 
tained ;  in  addition  to  which  three  isomeric  secondary,  and  one 
tertiary,  amylic  altohol  are  possible : 

fCH,.CHyCHyCHg    (CH,.C(CHJ,    /CH(CH^(CgHJ  /C(CH,), 

IH  ^IH  ^Ih  ^1h 

(oh 

TertUry- 
botjfl  carbinoU 


OH 

Priinarr-hutyl 
carbmol. 


OH 

laoprimary- 
batjri  oarbiuol. 


OH 


Srconilary- 
butjri  carbiuoL 


C  H  yiCHy.CHg 

(oh 

mtuhjlt 


.ioH 

Diethyl 
MrblnoU 


CH(CHJ, 
CH, 
H 

[OH 

Iioprimmry-propvl 
melhjl  carbiuou 

CHj 
CH, 
OH 

EthjldtnaUvlewMBoL 

Of  these  amylic  alcohols  seven  have  been  aheady  obtained. 
These  examples  will  suffice  to  illustrate  the  manner  in  which  the 
various  isomeric  alcohols  aro  derived  firom,  and  allied  to  carbinoL 


Methods  op  formation  of  the  Alcohols  of  tub 
GbHs^^i.OH  o&  Ethylic  Sekiks. 

(142 1)  Primabt  Alcohols:  CJl^+y,Cll^.OK,  —  Throe 
nM**>»^«  of  preparing  these  alcohols  aro  at  present  known 
which  aro  of  general  application. 

!•  fVvmPartff^iif.— It  has  already  been  noticed  that  when  tho 
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normal  paraffint  are  acted  on  by  ch]orine«  iSkey  furnish  a  mixture 
of  two  isomeric  monochlorinated  derivatives.  One  of  thescy  that 
which  possesses  the  higher,  boiling  point,  has  the  composition 
represented  by  the  general  formula,  CqH^o^i-CII^CI  ;  and  by 
heating  with  argcutic  acetate,  or  a  mixture  of  potassic  acetate  and 
glacial  acetic  acid,  may  be  converted  into  the  corresponding 
acetate : 

C.H..^.i.CH,Cl  +  KC,H,0,  =  C,H»,^i.CH^C,H,0^  +  KCL 

CH8.CH,.CHj,a  +  KC^HgO,  =  CH^CByCE^(Cfifi^  +  KCL 

By  the  action,  of  potassic  hydrate  solution  on  this  acetate, 
potassic  acetate  and  the  normal  primary  alcohol  are  produced  : 

CnH^+i.CH^CC.HjOg)  +  KHO  =  C„H^+,.CH,.OH  +  KC.H^Oj^ 
CgHj-CH^lCJIjOg)  4-  KHO  =  CgHs.CH^.OH  +  KCgH^O,. 

Propylic  acetate.  Propylic  alcohol. 

On  account  of  the  great  difficulty  of  separating  the  isomeric 
chloroparaffins,  this  method  is  not  available  for  the  preparation  of 
the  pure  normal  primary  alcohols. 

The  isoparaffins  also  furnish  two  monochloroparaffins  on 
treatment  with  chlorine,  and  that  of  higher  boiling  point  may  be 
converted  in  the  manner  above  described  into  the  corresponding 
isoprimary  alcohol.  The  behaviour  of  other  paraffins  with  clilo- 
rine  has  not  been  studied,  but  isoprimary  alcohols  will  doubtlesa 
also  be  procured  firom  many  of  them. 

a.  Fr<im  PriauEry  Aldehyde$. — ^It  was  discovered  by  Wurts  that 
the  aldehydes  may  be  converted  into  the  corresponding  primaiy 
alcohols  by  means  of  nascent  hydrogen : 

C„H2„+i.C0H  +  H,  =  C„H2,^i.CH,.0H. 
CH,.COU  +  Hj|  -  CH«.CH,.OH. 

IfliltoddAfdt.  SthjIf0d«obol. 

The  me^od  usually  adopted  is  to  add  sodium  amalgam  to  a 
mixture  of  the  aldehyde  and  water,  taking  care  to  keep  the 
solution  acid  by  the  addition  of  dilute  sulphuric  acid  from  time 
to  time.  Schorlemmer  recommends  that  the  aldehyde  should  be 
dissolved  in  acetic  acid  when  it  is  not  readily  soluble  in  water 
{Arm.  Chem.  Pharm.,  clxxvii.  303). 

In  tliis  way  the  normal  primary  aldehydes  arc  converted  into 
normal  primary  alcohols,  and  the  isomeric  aldehydes  furnish 
isomeric  primary  alcohols.  But  the  method  is  of  great  impor- 
tance not  only  on  this  account,  but  also  because  it  affords  a 
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means  of  obtaining  any  givegi  alcohol  from  the  one  next  below  it 
in  the  series.  For  example,  methylic  alcohol,  CH3.OH,  is  con- 
verted by  the  action  of  hydriodic  acid  into  methylic  iodide  or 
iodomethane,  CH^I,  and  by  heating  this  with  potaaaic  cyanide 
cyanomethan^,  CH3.CN,  is  produced.  By  digesting  cyanome- 
thane  with  a  solution  of  sodic  hydrate,  sodic  acetate  is  prodaced : 

CH3.CN  +  OHj  +  IsaOH  =  CII,.COONa  +  NH,; 

(^•Domethaae.  Bodic  acetate. 

and  when  a  dry  mixture  of  sodic  acetate  and  sodic  foimate  is 
distilled,  it  yields  acetic  aldehyde : 

CHj.COONa   +    llCOOXa   =   CH3.COH    +  Na,COy 

Sodic  ac«tat«.  Sodic  fonnatc.  Acoti.-  oldebvde. 

Finally,  ctbylic  alcohol  is  prepared  from  the  aldehyde  by  Wurtz's 
method.  In  a  similar  manner,  ethylic  alcohol  may  be  converted 
into  primary  propylic  alcohol,  and  primary  propylic  alcohol  into 
normal  primary  butylic  alcohol,  and  thus  the  series  of  primary 
alcohols  may  be  ascended. 

2.  From  Add  Anhydrides. — ^The  acid  anhydrides  are  also  con- 
verted into  primary  alcohols  by  the  action  of  nascent  hydrogen 
produced  by  carefully  adding  sodium  amalgam  to  a  mixture  of 
the  anhydride  with  the  acid  from  which  it  i^denYed  (l^iiwffpwpnr 
Akh.  Chem.  Pharm.,  dxi.  178) :  t  t  /^^ 

c:II::;:cSJo  +  .  ,cA«.cH..oJ?^b^i:;-^/isj 


A  better  yield  of  alcohol  is  usually  obtained  by  a  modification 
of  this  method,  by  the  action  of  sodium  amalgam  on  a  mixture 
of  the  add  with  its  chloride  (Linncmann  :  Saytzell)  : 

C„Hto+i.COa  +  aH,  =  C„IL,^i.CHj.OH  +  HCl. 
CsN^.COCl  +  2H,  =  CjII^.CHj.OH  +  HCL 

Ba^Trio  oblorida.  BotjUa  alootiol. 

In  both  instances  the  add  serres  to  generate  hydrogen  with  the 
amalgam,  and  probably  both  the  anhydride  and  chloride  are 
reduced  to  aldehyde  previous  to  their  oouTersion  into  alcohol. 
By  the  employment  of  anhydrides  and  chlorides  derived  from 
nomudprimmy  acidi,  normal  primary  alcohols  are  obtained,  whilst 
thoae  derived  from  isomeric  adds  frimish  isoprimary  alcohols. 
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Primary  propylic  alcohol  is  formed  in  small  quantity  during 
fermentation,  and  several  of  the  normal  primary  alcohols  occur 
as  ethereal  salts  in  certain  vegetable  products ;  for  instance^  the 
oil  of  wintergreen  from  the  Gaulthcria  procumbem  consists  diiefly 
of  methylic  saiicylate,  whilst  the  oils  irom  Heracleum  ffiganieum, 
H.  gpmdyUum,  and  Partinacea  saliva  contain  ethylic  !)utyf*te, 
hexyhe  butyrate,  and  octyUe  acetate  (Gutzeit,  Ann.  Chem,Plumm,, 
clxi.  344).  Chinese  wax  consists  chiefly  of  cerylic  cerotate, 
cerylic  alcohol  being  the  highest  tenn  but  one  of  the  series.  The 
i80i)rimary  butylie,  amylic,  and  (probably)  hexylic  alcohols  are 
constituents  of  the  so-called  fusel  oil^  which  is  the  residue  of 
high  boiling  point  obtained  on  .distilling  the  crude  alooihol  menu- 
fiu!tuied  by  fennentatimi. 

Secondaay  Alcohols:  1  CH.OH.— These  alcohols, 

we  have  seeu«  may  be  regarded  as  earbinol,  CH^.OH,  in  wbich 
two  atoms  of  hydrogen  are  displaced  by  two  similar  or  different 
monad  hydrocarbon  radicles  of  the  general  formula  C„H2n4.i.  If 
these  groups  are  normal  radicles,  that  is  to  say,  if  their  carbon 
atoms  are  arranged  in  a  single  chain  as  in  the  normal  paraffins, 
the  alcohols  are  termed  normal  secondary  alcohols ;  and  w  hi  ii 
this  is  not  the  case  they  are  termed  isosecondary  alcohols. 
Several  general  methods  of  preparation  are  known. 

I.  From  Paraffins. — The  chloroparaffins  of  lower  boiling  point 
produced  by  the  action  of  chlorine  on  the  normal  and  isoparathus 
may  be  converted  into  normal  and  isosecondary  alcohols  respec- 
tively, by  the  same  scries  of  reactions  as  are  employed  in  preparing 
primary  alcohols  from  the  paraffins ;  thus : 

CH,CHa.CH^  +  KCgHjO,  =  CHg.CH(C,H,OJ.CH,  +  KQ. 


CH3.CH(C,H303).CHj  +  KHO  =  CH3.CH(0H).CHs  +  KCjH,0y 

l»aptopjhc  aoeU(«.  Scoondaij  propjlio  aUohol. 

The  chloroparaffins  which  furnish  secondary,  are  far  lesa  stable 
than  those  which  yield  primary  alcohols,  and  a  considerable 
amount  of  the  corresponding  define  is  usually  generated  together 
with  the  acetate,  by  the  secondary  reaction  illustrated  in  tiie 
following  equation : 

CH,.CHaCH,.C,H,  +  KC^,0,  =  CH,.CHzzCH.C,H,  +  KCl  +  HC^O^ 

/S>Cliloropeat4uie.  ••fiUijlinothylctlijrlcoe. 

2.  From  Ketone$, — ^The  ketones  of  the  general  formula 
C^U^^i.CO.CaH|iB^i  are  converted  by  the  action  of  nascent 
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hydrogen  into  secondary  alcohols,  the  reaction  being  precisely 
similar  to  that  by  which  aldehydes  are  converted  into  primary 
alcohols : 

CH,.CO.C,Hg  +  Hj  =  CH,.CH(OH).C,Hj. 

The  ketones  which  contain  normal  radicles  alone  furnish  normal 
alcohols,  those  which  contain  isoradicles  yielding  isosecondary 
alcohols. 

3.  From  Etfiyiic  Formate  and  the  Zinc  Organo-metallic  Com- 
pounds.— Secondary  alcohols  are  also  obtained  by  the  action  of  the 
zinc  organo-metallic  compounds  on  ethylic  formate,  and  subsequent 
treatment  of  the  product  with  water.  The  reaction  probably 
ocean  in  several  phases  as  represented  by  the  following  equations 
(Wsgner  and  Saytseff,  Aim,  Ckem  Pkarm,,  eUxv.  361) : 

HOO.OC,H,  +  Zii(0,H^  =  HC(C,H,XZni0C,H^0C,H.i 
llkjltolmutt.  ZfaMtodUdt. 

HC(C,HJ(Zn.OC,HJ.OC,H.  +  Zu(C,Hj,  =  UC(C,H,),(Zn.OC^J  +  Zn  (^^^» 
HC(C,HJ.(Zii.OC^^  -I-  2OH,  «  HC(C.HJ,.OH  4  Zn(OH},  4 


4.  Drom  CkMnaied  Ether, — A  fourtli  method  of  preparing 
secondary  aloohob,  which  appears  to  be  of  general  application^ 
oonsists  in  acting  with  the  one  organo-metallic  compounds  on 
the  dichlorethylic  ether  produced  by  ibe  action  of  hydrochloric 
add  on  aldehyde ;  the  ether  which  is  thus  obtained  is  oouTerted 
into  the  iodoparaffin  by  heating  with  hydriodic  acid  solution, 
and  from  this  the  alcohol  may  be  prepared  (See  p.  413,  Kessel^ 
Am,  Chem,  Pharm,,  dxzv.  44) : 

SMllaNUiyUc  oxld*.  BMOBdarj  but^lvc  oxide. 

^cSSh.*)  }  0  +  »HI  -  ,CH,OHLOA  +  OH, 

SaeoeSirj!  liBtjUe  «adda^  Saaondvy  tratyUe  Mid*. 

It  would  probably  be  possible  to  convert  the  ether  directly 
into  the  alcohol  by  heating  it  with  dilute  sulphuric  acid. 


TBKnAET  Alcohols  :  C„U 


C.OU. — ^Although  it  cannot 


be  doubted  that  tertiary  alcohols  may  exist  containing  three 
dissimilar  radicles  in  place  of  the  three  atoms  of  hydrogen  in  the 
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CH3  gjou\i  in  oar])inol,  all  the  alcohols  at  present  kno-vrn  contain 
three  similar,  or  two  similar  and  one  dissimilar,  radicles.  The 
only  general  method  of  prepaiing  them  is  to  act  upon  the  chlorides 
of  the  acids  of  the  acetic  scries  with  the  nuc  organo-metallic 
compoundg,  and  subsequently  to  decompose  the  product  with 
water.  The  manner  in  which  the  reaction  takes  place  is  not  yet 
placed  beyond  doubt,  but  it  exhibits  several  phases.  Aoooiding 
to  Wagner  and  SaytzefF(/oc.  cit.)  the  following  equations  represent 
the  changes  which  finally  lesnlt  in  the  formation  of  trimethyl- 
carbinol^  for  instance,  from  acetic  chloride  and  sindc  methide : 

CH^.COa  +  Zd(CHJ,  »  CH,.CCHCHJ(Zn.OCHJ. 
iMllechkridi.    Zliieio  SMtUdi. 

The  ntetion  represented  by  this  equation  is  extremely  Tiolent,  and  if  wtlflt  b 
■dded  when  the  add  eliloride  and  sine  oompoonda  an  mixed  in  tiia  piopmrtaoaa 
indieafted,  a  kttoite  is  obtained.  The  deoompoaitioB  nay  ba  rappoaed  to  tali^ 
plaea  in  tiia  manner  oxpnaeed  by  the  eqnatioB  s 

CH,.C!CI(CHJ(Zn.OCBy  +  2OH,  =  CH,.CCn(CHJ(OH)  +  Zn(OH),  +  CH^j 

the  compound  CH,.CCI(CHJ(OH)  splitting  up  into  the  ketone  CH^CO.CH^aad 
hydroehlorio  aeid.   If,  however,  a  second  molaenle  itf  the  sine  compovnl  ba 
added,  a  fiirther  reaetion  atowly  takes  pkee^  eomaieting  psoba^j  in  the  diijlaee 
ment  of  the  dUorina  by  mekbyl: 

CH,.CCl(CH,)(Zn.OCH,)  +  Zn(CH,),  =  CH,.C(CHj,(Zn.OCH,)  +  ZnCSCH^ 

The  compound  ZnClCHj  appears  from  Butlerow's  experiment,  by  whom  this  me- 
thod waa  difloorered,  in  noma  way  to  enter  into  eonbinsiMn  with  tbo  main  pro- 
duot  of  the  reaetion.  Finally,  the  ibnnatiob  of  trimetfaykarbinel  by  the  aetioa 
of  water  on  this  prodoet  ia  zepneented     the  Albwuig  eqnatioa : 

CH,.C(CH,),(ZnOCH,)  +  aOH,  =  C(CHJ,.0H  +  Zn(OH),  +  CH.. 

On  the  other  hand,  it  may  be  suppoaed  that  the  first  action  of  the  BBeoOB* 
pound  is  to  convert  the  acid  chloride  into  the  ketone  : 

PH,.OOGi  +  Zn(CH,),  ->  CU,.CO.CH,  +  ZnCICH,; 

and  that  then  by  the  aetion  of  a  aeoood  8M>leeole  of  the  sine  compound  the 
ketone  is  slowly  oonTerted  into  the  body  which  fimushea  the  aleohol  on  tiea^ 
ment  with  water : 

CH^C?H,  +  Zn(CH^,  =  0(CHJ,(Z«.OCHJ. 

Tkia  bitter  view  ie  anpported  by  the  droumstanoe  that  the  sine  oggaao-metalKw 

compounds,  Zn(CnHjo^,),,  react  with  great  readiness  upon  haloid  derivatives 
generally,  the  halogen  being  displaced  by  the  liydrocarbou  radule,  and  that 
therefore  it  is  probable  that  by  their  action  upon  the  acid  chlorides,  the  chlorine 
would  be  directly  displaced ;  moreover  it  appears  likely  from  the  general  beha- 
viour of  these  zinc  compounds,  that  in  a  resciioa  of  tide  kind  mobh  heat  woold 
be  developed,  which  ia  the  case,  wbereea  it  is  not  probable  that  an  actum  of  the 
kind  suppo8ed  to  take  plaee  by  Wagner  and  Saytseff  would  be  stteaded  by  the 
developemeni  of  a  very  large  saraont  of  heaL 

Several  other  methods  of  preparing  alcohols  are  known 
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which  are  of  considerable  importance,  but  they  are  not  so  gene- 
rally applicable  ;  and  the  alcohols  which  they  furnish  are  sometimes 
primary,  sometimes  secondary,  and  sometimes  tertiary. 

I.  Thus  alcohols  may  be  obtained  from  the  iodoparaffius 
formed  bjr  combining  the  oleiines  with  hydriodic  acid. 

The  combination  appears  always  to  take  place  in  micb  a  manner  that  the 
iodine  attaclies  itsolf  to  the  h-d^t  hydrogenized  carbon  atom  in  the  olefine,  so  that 
it  is  poiisible  to  pndict  the  nature  of  the  alcohol  which  will  be  obtiiined  from  a 
given  olefine ;  and  on  the  other  hand,  tu  infer  the  nature  of  the  olefine  from  that 
^ot  the  akoliol  whieh  is  obtoined  from  it  in  this  waj.  The  tcXUnrmg  genenl 
equations  tepteieiit  the  behsvioar  of  tiie  ihtee  daaees  of  ol^nee : 

H,ClzC(C.Hto*0.  +  HI  =  H,C,CL(C^U^ 
C,H»*,.HCllCH.C,Hta«  +  HI  B  C,Ha4i.H,aCHI.C|,Hto«.» 

The  ftUowing  r^reaent  specisl  eaeei : 

H,C=CH.C^.  +  HI  -  H,C.CHI.CA. 

VanultMaykn*.  SMoadnybitigrlleiodUfli 

Bfi=!D{CHX  +  HI  =  H,C.CI(CH,).. 
iMbotjlMM.  TwtitfybatTUeiodUa. 

H,aHCtzCH.C,H,  +  HI  =  H,C.HCI.CH^C,H^ 
Amjkoi.  SeaoDdaiyanijrllelodld*. 

In  order  to  convert  the  iodoparaffins  thus  produced  into  alcoholtt,  the  method 
of  digesting  them  with  plumbio  hydrate  wd  wster,  neentlj  suggested  by 
FlsTitsky  {Aim,  Ckem.  Pkorm,,  dzzT.  380),  may  probably  be  em^jed  with 
advmtage: 

2C,Hto*iI  +  PKOH),  =  2C.Hte+i.0H  +  Pbl,. 

The  iodoparaffins  corresponding  to  the  primary  aloohols  are  but  Httte  aflbeted  on 

heating  with  water  in  clu.xed  veiisels  even  at  a  comparatively  high  temperature ; 
they  are  the  nior-'  acted  upon,  however,  the  higher  their  molecular  weight. 
The  iodoparaflins  corrertpomliiic:  to  secondary  alcohols  are  much  more  readily 
acted  upon,  and  those  otmespoudiag  to  the  tertiary  alcohoU  are  still  more  easily  at- 
tacked. But  tlie*  conTSiMon  into  aleobol  and  haloid  aoid  aeoor^mg  to  the 
equation: 

C.Ha.^jI      OH,  =>  C.H,MrOH  +  HI, 

is  never  eomplete  owing  to  the  oocnrrenoe  of  the  inverse  sotion,  although  it  be- 
comes the  more  so  the  greater  the  quantity  of  water  employed  and  the  higher 

the  ti'rnporature  to  which  the  mixture  ]»  heated.  When  the  hydrio<lic  acid  is  re- 
moved from  the  sphere  of  action,  as  is  the  case  when  ])luinhic  hvilrate  is  us''il,  the 
conversion  into  alcohol  is  almost  complete  and  also  takes  place  more  readily.  It 
is  merely  necessa^  to  heat  the  iodoparaffin  on  the  water  bath  witii  water  and  an 


•  If  the  two  radiblesin  the  oleSnes  of  the  form  CnII,„.^,.HClzCII.C„H,„^i 
are  dianmOar  and  one  of  them  is  methyl,  it  appears  fVom  Ws^ner  and  8aytzeff*s 

experiments  {Attn.  Chcm.  Plutrm  ,clxxix.  303)  that  the  iodine  always  ftttaohes 
its^  to  the  carbon  atom  to  which  the  methyl  group  is  attached. 
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exoen  of  plambic  hydrate  in  a  flattk  attached  to  a  reversed  oondenser;  the  product  w 
aftorwards  distilled  off.and  di^^estod  with  a  small  quantity  of  ari^'entic  oxide  in  order 
to  remove  tlie  last  traces  of  iodine.  In  eases  where  this  metliod  is  inapplicable, 
the  iodoparalEu  is  converted  into  an  ethereal  salt  by  double  decompo»itioQ  with 
M^geotio  or  potaasieaeetate,  and  fhe  aeetate  ia  then  aapomfied. 

2.  The  olcfines  are  also  converted  into  alcoliols  by  combining 
them  with  hypochlorous  acid,  and  submitting  the  resulting 
chlorinated  alcohols  in  aqueoua  solution  to  the  action  of  sodium 
amalgam : 

C,Hfc  +  C1.0H  «  C.Ha,C1.0H. 

CJL^Cl.OH  +  Hg  =  CJl2„+i.OH  +  Ha. 
(Ciy,CziCH,  +  CLOH  =s  (CH,),ClC.CH,.OH. 

iMlw^ltaMi.  ,  CMortoolnitf Be  dMhoL 

(CH,),C1C.CH,.0H  4  Hj  =  (CH8)3HC.CH,.OH  +  HCL 

CMorifobotylle  ikolraL  ItobatyHe  itoolioL 

3.  Alcohols  arc  also  produced  from  the  olcfines  by  combining^ 
them  with  sulphuric  acid,  and  distilliiig  the  resulting  acid 
ethereal  sulphates  with  water : 

C„Hj„+i.HSO^  +  OHg  =  C,H^+i.OH  +  H,SO^. 
(CiyjCziCH,  +  H,SO^  =  (CH3),C(HS0J.CH,; 

iMbo^m  TMrliV74mljUo1ijdrieialp)wla. 

(CH3),C(HSO,).CH3  +  OH,  =  (CH3)2C{OH).CH3  +  H,SO^. 

Tcrtinrjf-butjlic  liydrie  eulphate.  Tertlary-butjlic  alcohoU 

The  law  which  goTems  the  union  of  the  defines  with  hypo^ 
chlorous  and  sulphuric  acids  has  already  been  discussed  (p.  401). 

4.  Butlerow  has  recently  shown  that  in  contact  with  dilute 
nitric  acid  and  a  little  alcohol^  the  olefines  (like  many  of  the 
C,f,H^g  hydrocarbons)  slowly  unite  with  water  to  foim  an  alcohol 
{Ann,  Ckem,  Pharm.,  dzzx.  24$)  i* 

CJi^  +  OH,  =  Cr-H2„^i.0H. 
H,C— C(CHJ,  +  OH,  =  C(CH,),.OH. 

IiobolarlMM.  ^  THutAhjUaMmL 

On  Beatralinng  the  solntian  and  distflling,  the  aloohd  panes  over. 


•  According  to  Le  Bel  (Comp^.  Send.t  hcxxi.  967),  the  olefines  are  gradoalfy 
changjed  in  contact  with  water  alone,  and  heptene  and  its  higher  homolognes 
even  yield  crystalline  hydrates.  This  observation  is  of  interest  as  it  aervea  to 
explain  the  absence  of  olefines  from  natural  petroleum. 
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5.  When  die  nitrites  of  primaiy  monaminee  toeh  as 
ethylamine  and  its  homolog^oes  aie  gently  heated  in  aqueons 
SQlutunij  they  are  decomposed  irith  evolntion  of  nitrogen  and 
fonnation  of  the  corresponding  alcohols : 

C.Hfc,+i.NH,(NO^  =  C.H^^.i.OH  +  N,  +  OH,. 

C^Hj-NH^CNOg)  =  CjHj.OH  +  N,  +  OH,. 

SUiTlaiiiiiMab  nitrite.         Btbjlie  dwliol. 

This  method  is  diilicnlt  of  execution,  however,  and  very  often 
does  not  viekl  favourable  results. 

(1422)  Diagnosis  of  Primary,  Secondary,  and  Tertiary  Alco* 
hols. — The  three  classes  of  alcohols  are  distinguished  by  their 
behaviour  on  oxidation,  but  in  order  to  ascertain  the  nature  of  a 
giyen  alcohol  by  a  study  of  its  oxidation  products  it  is  necessary, 
as  a  rule,  to  submit  the  latter  to  examination  by  quantitative 
analysis.  Meyer  and  Locher  have  shown,  however,  that  the 
three  classes  of  alcohols  may  be  much  more  readily  distinguished 
by  the  aid  of  the  corresponding  nitroparaffins,  even  when  only 
▼ery  small  quantities  of  material  are  at  the  disposal  of  the 
operator.  The  alcohol  is  first  converted  into  the  iodoparaffin  by 
treatment  with  hydriodic  acid,  and  the  dry  iodoparaffin  is  then 
added  to  about  an  equal  weight  of  dry  argentic  nitrite,  which  has 
been  intimately  nuxed  with  its  own  Tolame  of  fine  white  sand :  the 
nitrite  is  contained  in  a  small  distillation  flask  provided  with  a  aide 
tnbe  four  or  five  inches  long,  and  when  the  action  is  over,  the  pro- 
duct is  distilled  off  by  heating  with  a  bare  flame,  and  is  receiv^  in 
a  small  test  tnbe.  The  distillate  is  then  mixed  with  about  three 
times  its  volume  of  a  solution  of  potassic  nitrite  in  a  strong  solu- 
tion of  potassic  hydrate,  and,  after  shaking  well,  dilute  sulphuric 
add  is  added  drop  by  drop.  If  the  alcohol  is  a  primary  idoohol 
and  a  primaiy  nitrupuraffin  has  been  produced,  the  liquid  at  once 
assnmes  an  intense  dark  red  colour  (p.  16^7) ;  if  it  is  a  secon- 
dary alcohol  it  becomes  dark  blue  (p.  i68) ;  whilst  the  product 
from  the  tertiary  alcohol  remains  colourless,  nitrous  acid  being 
without  action  on  the  tertiary  nitroparaffins.  No  more  than 
•5  grm.  of  the  iodopurafiin  is  required  to  produce  these  reactions 
with  perfect  distinctness  (Ann.  C/iem.  Pharm.^  clxxx.  T39). 

GaNXBAL  PaOP£UTIKS  AND  REACTIONS  OP  THB  AlCOHOLS 
OP  THB  CnUiB^i.OH  OB  £tHTLIC  SbBIBS. 

(1423)  The  first  nine  members  of  the  series,  with  the  excep- 
tion of  some  of  the  tertiary  alcohols,  which  are  solid,  are  colour- 
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less  liquids  nt  the  ordinary  temperature  :  methylic,  ethylic,  and 
propylic  alcoliols  being  miscible  M  itli  water  in  all  proportions ; 
whilst  cetylic,  cerylic,  and  melissic  alcohols  are  crystalline  solids, 
insoluble  in  water.  The  other  terms  arc  oily  liquids,  the  mo- 
bility of  which,  and  also  their  solubility  iu  water,  decreases  as 
the  scries  is  ascended.  Nearly  all  the  alcohols  possess  charac- 
teristic odours,  and  are  inflammable  either  at  the  ordinary 
temperature  or  when  heated. 

(1424)  Behaviour  of  the  Akokola  on  Ojcidation, — Whoi 
strongly  heated  or  burnt  in  presence  of  excess  of  oxygen,  the 
alcohols  are  converted  into  carbonic  anhydride  and  water,  as 
is  ^^encrally  the  case  with  carbon  compounds ;  bnt  when  sub- 
mitted to  what  is  commonly  termed  "  limited"  or  graduated 
oxidation  (p.  71),  results  are  obtained  varying  with  the  nature  of 
the  alcohol,  which  are  of  the  greatest  value,  as  they  usually  enable 
us  to  ascertain  whether  it  is  a  primary,  secondary,  or  tertiaiy 
alcohol. 

Primary  AleohoU, — The  first  action  of  oxidising  agents  on 
these  alcohols  is  to  remove  a  molecule  of  hydrogen  giving  rise  to 
aldehydei  containing  the  same  number  of  carbon  atome : 

CIi3.CH2.OH  +  O  =  CII3.COH  +  OHg. 

BthjUoklcohoU  AMtioaUchyd*. 

These  aldehydes  by  the  further  action  of  the  oxidising  agent  are 
then  converted  into  aeide  of  the  acetic  eeries,  also  containing  the 
same  number  of  carbon  atoms  as  the  original  alcohob : 

CH3.C0H  +  o  =  cn,.cooH. 

Acetie  aldebydft.  Acetic  acid . 

In  some  cases  a  portion  of  the  acid  produced  acts  on  unst- 
tacked  alcohol  giving  rise  to  an  ethereal  eaU : 

CH3.COOH  +  CJI5.OH  =  CH,.COOC,Hj  +  Oliy 

Acetic  add.  Ethvlic  alcohol.  EthjUe  Metato. 

The  oxidation  of  a  primary  alcohol  may  therefore  give  rise  to 
three  distinct  products :  an  aldehyde,  an  acid,  and  an  ethereal 
salt.  The  relative  proportions  in  which  ■  these  three  bodies  are 
produced  is  dependent  upon  the  conditions  under  which  the 
oxidation  is  effected :  that  is  to  say,  upon  the  nature  of  the 
oxidizing  agent,  and  probably  also  upon  the  nature  of  the  alcohol 
itself;  upon  the  temperature;  and  especially  upon  the  concentra- 
tion of  the  oxidizing  solution. 

Secondary  Alcohols, — ^In  the  case  of  the  secondary  alcohols 
also^  the  oxidation  occurs  in  two  stages,  but  in  the  first,  instead 
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of  an  aldehyde,  a  ketone  containing  the  same  number  of  carbon 
atoms  as  the  alcohol  is  produced ; 

(CH,),CH.OH  +  O  a  {pR^\0O  OH^ 

Iioprojiv  ii>'  al<  olinl  or  Acetone  or 

DiowUijrkvbaioL  OimeilufllMUNM. 

By  the  contuiaed  action  of  the  oxidising  agents  however^  the 
hetone  ia  couTerted  into  one  or  more  acida  of  the  aeetio  aeries 
containing  a  amaller  number  of  carbon  atoma;  thus : 

CH,.CO.CH,  -I-  3O  ;s  CHyCOOH  +  H.COOH. 

Aamm,  iMlioaaid.  FwntoMld. 

Tertiary  Alcohols. — Oxidation  products  coutaiiiing  the  same 
immber  of  carbon  atoms  are  never  obtained  from  these  ah'()}iols ; 
but  in  some  cases  a  ketone  with  one  or  more  acids  of  the  acetic 
series,  in  others  one  or  more  acids  of  the  acetic  series  alone,  are 
produced.    For  example : 

C(CH,),.OH  +  3O  »  COCCHJj  +  H.COOH  +  OH,, 

TriaMthykMMaal.  AMttm,  Fonnleadd, 

C(CJT,)  .OH  +  60  »  CgHj.COOH  +  aCH^.COOH  4-  OH,. 

Trietbjlcarbwol.  Propionic  uii}.  Acetic  iMsid. 

It  will  thus  be  seen  that  the  three  classes  of  alcohols  behave 
▼ery  differently,  for  whilst  the  primary  alcohoh  yield  aidehffdes 
containing  the  aame  number  of  carbon  atoms,  which  by  further 
oxidation  are  converted  into  acids  of  the  acetic  series,  also  con- 
taining the  same  number  of  carbon  atoms  aa  the  original  alcohols ; 
the  9tretmdarjf  aieohoU  yield  ketones  containing  the  same  number 
of  carbon  atoms,  bnt  which  on  further  oxidation  furnish  acids 
of  the  acetic  series  containing  lewer  carbon  atoms  than  the 
original  alcohols  ;  lastly,  the  tertiary  alcohols  do  not  under  any 
circumstances  yield  products  containiug  the  same  number  of 
carbon  atoms. 

The  brhuviour  of  the  different  classes  of  alcohols  un  oxidation 
"*vill  be  better  understood,  however,  it  the  changes  which  probably 
occur  are  considered. 

It  is  to  be  notloed  that  the  oxidation  i>  always  effectad  in  preronce  of  water  i 

the  reagent  moot  cominonly  employed  being  a  mixture  of  potajssic  dichrotnaii. 
uulphunc  acid,  and  water.  There  is  no  doubt,  iiioitMiviM-,  that  tlie  water  piavit 
an  important  part  in  tlie  reaction,  although  the  precise  wanner  in  which  it  aetM 
is  not  jet  Qnd(>nitood  {  prulubly,  liowever,  the  water  unci  the  *'  nsioeot"  oxygen 
together  exerciae  aa  action  which  ix  in  a  uieaaiire  equivalent  to  that  of  hydric 
]ieroxide,  and  this  ia  indicated  iu  the  foUowiog  eqaationa  by  priiitipg  the  oxygea 
and  water  together  in  a  bracket. 

8  IB 
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ir  iht  MtioB  of  oxidizing  agents  on  primary  alcohols  be  repre»ented,  M  it  is 
ttsuaUy,  M  a  nun*  witbdnwid  of  two  atoms  of  hydrogen  by  the  oijrg«n : 

cjato«.CH,(OH)  +  0  »  c;h^,.ooh  +  oh^ 

PrimiyaleolMl.  AlMjda 

it  is  difficult  to  nttdentaad  why  tht  atoms  of  hydrogen  of  ilie  OH  group  and 
one  of  the  atoms  from  the  CH,  gnrap  an  withdrawn,  the  two  atoms  hamg 

apparently  very  dissimilar  functions  in  the  oompound;  and  the  alteoialifO 
hyiMtthesig  that  tlie  two  iitoms  of  hvtlro<ren  are  withdrawn  from  the  CIIj  gTOnp^ 
m>d  that  then  upon  the  U  and  11  in  the  Oil  group  become  diHuniteti,  and  enter 
into  uuiou  with  the  carbon  atom,  is  equally  un<iutif factory.  A  natural  interpre- 
tation of  the  motion  appean  to  be  afibrded,  however,  by  the  sssnmptioii  that 
the  oxygen  and  water  acting  U^ef/n  r  lead  to  the  displacement  of  an  atom  of 
hydrogen  in  the  CIl^  group  by  Oil,  and  that  the  resulting  "  aldehyde  hydrate" 
is  afterwards  resolved  into  aldehyde  and  water : 

C,H,^,.CH^OH)  +  (0  +  OHJ  -  q„H,^,.CH(OH),  +  OH,; 
FriMiyskoboL  Ald«M*M3rdnts. 

O.H^M-CH(OH).  »  OH,  -I-  G^iHta^-COH. 
AUah7d«ludnt«.  AMdiyde. 

Aldehyde  hydrates,  snoh  as  according  to  this  view  are  auppoeed  to  be  the  imme- 
diate  products  of  the  mridation  of  primary  atoohob,  are  known  to  enst,  but  tbej 

are  extremely  unstable  bodies  (see  Olyixjl^,  and  Aldehydes  of  the  Acetic  Series) ; 
iMui  this  fact  goes  far  towards  proving  the  convctaess  of  thealMVO  oaplanation  of 
the  manner  in  which  the  aldehydes  are  formed. 

The  conversion  of  the  secondary  alcohols  into  ketones  is  explained  in  a 
similar  manner,  the  immediate  products  of  oxidstion  being  "  ketone  hydrates'* : 

lcH.OH  +  (0  +  OHJ  =  [C(0H).  +  OH. 5 

SMOodaiy  aleohol.  Ketone  hydnUe. 

Ketoot  bydntsw  Kttons. 

In  the  case  of  t  he  tertiary  alcohols,  howeTer,  it  appears  that  at  fir&t  one  of 
the  radicles  is  split  off  under  tha  inflnence  of  the  oxidising  agent,  and  il  may 
bi>  snpfMNifd  is  disphused  by  OH ;  and  it  is  probable  that  the  Immwtialp  pgodacti 
of  oxidation  are  a  ketone  hydrate,  and  an  aleohol  of  the  ethylie  seriea: 

clillV.  [c.OH  -I.  (0  +  OHJ  =  ^-^^-  +  «  lc(OH),  +  <Vi^  +  ,.OH. 

TwtlnTdMhal.  KMosehydrals.  ■loofcri. 

The  radicle  CpHsp^i,  thns  split  off,  appears  always  to  be  the  least  stable, 
which  is  osually  the  meet  complex.  It  is  represented  as  forming  an  aloohoI,althottgli 


*  In  this  formula  71,  m,  and  p  may  hare  the  tame  ralne,  or  n  and  «i  the 

same  value  but  p  be  diflerent,  or  each  may  have  a  different  value  ;  the  formula 
heh}\r  written  in  order  to  include  tertiary  alcohols  containing  two  or  thna 
dissimilur  riuiicles. 
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alcuhoU  are  never  obtained  as  products  of  the  reaction,  being  at  once  further 
oxidised:  the  oxidation  products  of  the  radicle  C^ILp  ^  ,  may  be  readily  infened, 
however,  by  the  aid  of  the  rules  here  laid  down,  aooordiug  as  it  is  a  primavj, 
■ooondary,  or  tertiary  radicle :  that  is  to  say,  c  cording^  as  it  may  be  supposed  to 
form  a  primary,  necondary.  or  tertiary  ak-oliol  when  combined  with  OH.  The 
ketone  hydrate  is  converted  by  loca  of  water  into  a  ketone.  It  is  true  that  the 
fiNmstion  of  ketonca  has  noi  slwsya  been  observed  in  the  oxidai^onof  the  tertiaiy 
slotdiolsp  but  this  is  probsblj  beesoae  the  eonditHMia  of  esperim«it  hsve  been 
such  that  the  ketone  has  been  atonee  farther  oxidized. 

The  behaviour  of  the  ketones  on  oxidation  is  very  similar  to  that  of  the 
tertiary  alroliols.  One  of  the  radicles — and  it'  the  ketone  contain  dissimilar 
mdicletf  it  is  always  the  less  stable,  whiuh  is  usually  the  more  <x>mplex  radicle — 
is  split  off  and  se{'aiat<'ly  oxidised,  being  presumably  displaced  by  OH ;  an  and 
of  the  acetic  series  is  thus  produoed,  and,  as  before,  it  may  be  supposed  that  the 
radicle  whioh  ia  displaced  forms  an  akobol : 

^aH^+i  IcO  +  (0  +  OHJ    =    C.H^  +  ,.COOH  +  C.H^  +  ,.OH. 

KMooa.  laid.  AlssksL 

If  the  la^  which  is  disphcsd  he  a  primsiy  xadide,  C„U^  +  ,.CH,,  it  wiU 
form  a  primary  aioohoU  and  this  will  finally  be  converted  into  an  acid  of  the 

form  C„Hi„  +  j.COOH  IW  oxidation.  The  behaviour  of  ketones,  and  also  of 
tertiary  alcoholh,containin(;  secondary  radicles,  (C„Hjn  4  i)jCH,  or  tertiary  radicles, 
(CoH,„  +  1),^'.  has  not  been  investii^at^jd,  but  it  ia  almost  beyond  doubt  that  it 
will  be  Ibuud  to  accord  perfectly  with  the  results  already  obtained,  and  which 
aro  exprcaeed  in  tits  laws  above  given. 

(1425)  Other  UeaetimB  of  ike  Akohok  of  the  C^H^^^COM) 
Seriee, — i.  Many  of  the  alcohols  are  oxidised  when  keatod  to 
a  high  temperatufe  with  potasnc  hydrate^  yieldiog  a  potaasic 
salt  of  an  acid  of  the  acetic  lenes^  with  simidtaneona  elimination 
of  hydrogen : 

C.H,.+i.CIIj(OH)  +  KOH  =  C,H„+i.COOK  -i-  aHj. 

CH3ClI,(OIl)  +  KOH  =  CH,.COOK  +  iR^. 

The  behavioor  of  lecondary  and  tertiary  alcbhda  haa  not  been 
ascertained^  that  of  primary  alcohols  only  being  known. 

3.  The  alcohols  are  readily  attacked  by  metallic  sodium  or 
potaasinm,  with  erolution  of  hydrogen  and  the  formation  of  a 
metallic  deriTative : 

aC^H^+i-OH  +  aNa  «  aC^H^^i-ONa  + 
aCgHs-OH  +  aNa  =  aC.Hj.ONa  +  H,. 

Similar  componnds  are  formed  when  potassic  hydrate  is  dis- 
tolved  in  a  large  excess  of  the  alcohol^  and  the  excess  distilled 
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off:  tbey  are  the  more  leadily  produced  the  higher  the  molecular 
weight  of  the  alcohol : 

C.Hj^^.i.OH  +  KOH  =  C,H^+i.OK  +  OH^. 
C^H,.OH  +  KOH  =  C^Hg.OK  +  OH^ 

Bolgrlie  lijMa.  FotaMie  bntytaia. 

In  this  case,  the  water  as  it  is  foniuM]  is  carried  off  by  the  vapour 
of  the  anhydrous  or  nearly  anliydrous  ak^ohol.  It  follows  from 
this  that  it  is  very  difficult  or  almost  iiL'possible  to  dehydrate  au 
alcohol  by  means  of  metallic  sodium,  or  of  potassic  or  sodic 
hydrate,  esj)ecially  if  it  have  a  hi^'^h  foiling  point. 

3.  The  alcohols  are  all  converted  into  the  corresponding 
motiohaloid  paraliia  derivatives  by  the  action  of  the  haloid  acids : 

C.H^^,.OH  +  HI  =  C.H^^,I  +  OHr 

CjiK.oii  +  HI  =  c,Uji  +  on,. 

l*ropjlic  alcohoU  lodopropane. 

This"  reaction  jiHords  the  most  convenient  method  of  preparing  pure 
roonohaloid  paraffin  derivatives.  The  be&t  plan  oi  o(>eratiug  ia  either  to  haturate 
the  aleaboli  or  a  miztnre  of  the  alcohol  and  a  taturated  aqueomi  tolntion  of  the 
haloid  acid  in  convenient  proportions,  with  the  gaseoos  haloid  arid  at  o**  (32^  F.), 
and  to  heat  the  mixture  in  closed  tubes.  The  heat  of  the  water  bath  is  nsttally 
sufficient.  The  conversion  of  the  alcohol  into  the  haloid  paraffin  is  never  perfect, 
but  appeara  to  be  the  more  coinpleU)  the  greater  liie  proportiou  of  haloid  acid 
rmplojed ;  the  amount  of  haloid  paraffin  produced  varies  also  with  the  tempera- 
tare.  In  order  to  purify  the  prodoot  it  ia  washed  with  water,  then  placed  in 
contact  with  calcic  chtoride,  and  when  diy  snbmitted  to  ftactional  distillation. 

4.  The  haloid  phosphorus  compounds  act  with  great  readiness 
on  the  alcohols  in  the  manner  represented  by  the  following  equa- 
tions (see  also  Ethylic  Alcohol,  p.  430) : 

a.  PCI,  +  C,H^+i.OH  =  ]?Cl,.OC„Hto+i  +  HCL 

/3.  PCl,OC..H^,,  +  C„H,,,,.OH  =  PC1(0C,1I,„,,),  +  IICI. 
y.  PCl(OC,H,„^i),  +  C,H»,^i.OH  =  P(OC.H^+,),  +  HCL* 

«.  PClj  +  C.Hfc^.i.OH  =.P0C1,  +  C.H,„^.jCl  +  HCL 
/3.  POO,  +  C„H^^i.OH  «  P0Cl2.0C„H^^,  +  HCl. 
7.  POCl^.OCJI^^i  +  C„H2„+i.0H  =  POCl(OC„H^^j),  +  HCL 
5.  POCl(OC.H,„^.i),  +  C„H».+,.OH  =  PO(OC,H,.^0^  +  HCl. 

The  bromine  and  iodine  compounds  a})pear  to  bt  have  similarly, 
but  their  action  has  not  been  so  thoroughly  examined. 

*  It  is  usually  stated  that  by  the  action  of  phosphoric  oxychloride  and 
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J].  Many  of  the  organic  acids,  when  heated  with  the 
alcohols,  fivruiah  the  corresponding  ethereal  salts  or  "  componud 
ethers" : 

CnHjn+iOH  +  R'.COOH  s=  R'.COOC„H2„^i  +  OU^, 
C,H,.OH  +  CHyCOOH  =  CH3.C00CjHj  +  OH,. 

StbjUoaloohol.  AmUsmM.  EUiyUoaMtate. 

Nitric,*  sulphuric,  and  phosphoric  acids  also  readily  enter  into 
reaction  with  the  alcohols,  aud  especially  with  the  lower  terms 
of  the  series  ;  as  a  rule  the  polybasic  acids^  both  miueral  aud 
organic,  ^ield  acid  salts  :  * 

C,H,.OH  +  HNO,  =  C,H,.NO,  +  OH^ 

SOvUedflobol.  SlhrUe  altnlt. 

C.Hji.OH  +  HjSO^  =  C,H,i.liSO^  +  OH,. 

AmjUe  alcoboL  Amjlic  hjrdric  suiplute. 

6.  By  the  action  of  phosphoric  anhydride  on  the  alcohols, 
ethereal  salts  of  pbosphoric  acid  are  produced : 

5C.H,,^,.OH+P,0,=TO(OC„H,„^,)3+PO,H(OC„H„^,),+aOH,. 

5C,H5.0H  +  PgOj  =  PO(OCJIj3  +  PO^IIlOaHJ,  +  aOH,. 

BihjUcalooiioL  Trietbjlic  photpbate.  Hjdrio  diethjUo 

,  phoqtbat*. 


phoAphorona  chloride  on  alcohols  the  oorretipouding  monohaloid  paraffins  and 
pliosphorio  or  photiphorouM  acid  are  produced,  thus : 

POCl,    -h     3C,H,„+..0H    -    PO(OH),    -H  3C'.ir,-+,Clj 
PbMpbork  oijeh]iorid«.        AkolMd.  Pbotpboric  add.  Haloid  paraffia. 

PCI,    +    3C,H„+,.0H    =    PO.H,     +    sCaH^  +  iClj 

PiMMphonmsotalorida.        AleohoL  PhoqthonMuaeld.       Haloid  pacaffln. 

and  that  tVoin  these  acids  ethereal  salts  are  formed  by  the  action  of  another  por- 
tion of  the  ftleohol.  This  interpretation  of  the  reaction  appears,  however,  to  rent 
u[>un  a  miiioDnception ;  aud  there  is  little  doubt  that  the  haloid  paraffin  is  not 
the  immediate  product  of  the  reaction,  but  that  it  is  a  secotidary  produ«'t  formed 
hy  the  artion  of  the  haloid  ncid  produced  in  the  manner  illostrated  by  the  above 
equations  on  a  further  pftrtion  ot  alcohol. 

*  When  nitric  acid  alone  is  employed  a  porUon  (^the  add  undergoes  reduc- 
tion at  the  espense  of  a  portion  of  the  alediol,  and  a  mixed  prodoet  is  obtained 
eoiit.iiniri<^.  to<^eth(>r  with  the  nitrate,  an  ethereal  salt  of  nitrous  acid  and  oxidation 
protlucts  of  the  aUrohol.  jiy  addinir  the  alcohol  to  a  well  cooled  mixture  of 
rotieenlrated  nitric  and  sulphuric  arid  (Chapman  an  I  Smith,  Chem.  Soc.  Joiirn., 
XX.  58  ( ),  or  by  distilling  it  with  concentrated  nitric  acid  and  urea,  the  Ibrma- 
tion  of  theae  bodies  is  avoided ;  in  the  latter  oaee,  tlie  fkitrona  add  pradnoed  by 
the  ndniBtion  of  a  portioii  of  tha  akohol  ia  dooomposed  by  the  una. 
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Corresponding  compounds  are  obtained  by  the  action  of 

thiophospboric  anhydride  or  phosphoric  pentasulphide  (CSariuSy 
Ann.  Chem.  Phann,^  cxix.  290) ;  thus : 

fscir  f^^* 


OaiL  +  OHj  +  SHr 
SC,U, 


7.  By  the  action  of  rarious  dehydrating  agents,  and  espedallj 
of  sindc  chloride,  the  elements  of  a  molecnle  of  water  are 
abstracted  from  the  alcohols^  and  the  corresponding  olefinea  are 
formed: 

C„H,„^i.OH  =  C„H^  +  OH,. 
C,Hy.OH  =  C,H,   +  OH,. 

bopNprliealoQhoL  FkonrtaM. 

Although  the  precise  nature  of  the  action  exercised  by  sincic 
chloride  upon  the  alcohols  is  not  understood,  it  is  evident 
from  the  complex  character  of  the  product  in  the  ease  of  amylic 
alcohol  (p.  194)  that  it  is  far  less  simple  than  is  represented  by 

this  equation,  and  that  water  is  not  merely  al)stracted. 

(1426)  Mkthvlic  Alcohol;  Met  hylic  Hydrate,  Wood  Spirit,  ot 
Pyro.iylic  .<jjini :  CI  1^0  or  CH^.OH  =  32.— This  alcohol;  which 
was  first  observed  by  Taylor  in  18 12  amongst  the  products  of  the 
destructive  distillation  of  wood,  derives  its  name,  not  very  ap- 
propriately, from  ^liifv,  wine.  Althoiijqjh  methylic  alcohol  is 
almost  always  prepared  from  tlie  crude  wood  vinegar  obtained 
by  submitting  hard  woods,  such  as  Ijcech  wood,  to  dry  distilla- 
tion at  a  high  temperature  in  closed  vessels,  it  lias  been  obtainetl 
svntheticallv  in  several  Mays:  from  ehloromethane,  and  from 
formic  aldehyde*  bv  the  general  methods  already  described,  an»l 
from  hydrocyanic  acid  by  first  converting  it  into  methylamiue  by 
the  action  of  nascent  hydrogen : 

HON  +  aH,  =  CH,.NH,; 

Hjdroc|anie 


*  The  Ibnnio  aldehyde  employed  tot  this  pnrpoae  wee  not  the  pore  enbetsnee, 

boi  the  crude  product  obtained  by  the  dxy  distillation  of  calcic  furniate;  tbie 
was  submitted  to  the  action  of  sodium  nmalgaui  and  water,  and  the  alcohol  iso- 
lated in  the  form  of  methylic  iodide  (Lieben  and  Rossi,  A /in.  Cliem.  Pliarm., 
cl?ui.  107;  Luiueiuann  and  Zutta,  iLid.t  c\xi.  ^Sh  ^riedel  and  iSilva  iutve 
Nhown,  howerer,  that  a  oeitab  quantity  of  methylic  alcohol  is  formed  oa  nerely 
distilling  oaldo  formate*  and  tiiey  account  for  its  production  by  the  aiqipoatiaa 
that  the  hydrogen  ^^  nernted  by  the  comf^els  decompoMtion  of  S  portion  of  the 
foraiate  aoti  on  the  aldiehyde  prodooed  firtnn  anotksr  portion. 
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and  then  boiling  the  slightly  acidulated  solution  of  the  mtrite  of 
this  base,  aitrogeu  and  water  being  eliminated : 

CHj-NHjNO,  =  CH,(OH)  +  OH,  +  N,. 

M«lhj1«BiBe  nitrite.       Methylto  •kohol. 

The  niethylamine  obtaiued  from  any  other  source  is  equally 
available  for  the  synthetical  production  of  the  alcohol.  It  may 
also  be  obtained  by  the  sapoiiitication  of  oil  of  wintergrcen 
{Gnnltheria  prucumhcns),  or  rather  of  the  methylie  salicylate, 
which  forms  the  chief  constituent  of  that  essential  oil ; 

C,H,(OH).COOCH,  +  KHO  =  CH,(OH)  +  C,H,(OH).COOK. 

ll«tk7»o  nUejrtatt.  llflthylto  ■leohoL  FMMriaMUeytate. 

Preparation. — As  alieady  noticed  (p.  254),  the  crude  pro- 
duct of  the  distillation  of  wood  is  a  heterogeneous  mixture,  of 
which  the  wood  spirit  forms  but  a  very  small  part. 

Theaqoeoos  portion  afler  beini^  ^oparat^d  from  the  heavier  tar  is  rectified,  and 
the  first  portions,  which  ooiitain  ;iliiiost  the  whole  of  the  m.-thjlic  alcohol,  are 
collected  ap.irt ;  these  should  be  rectified  from  quicklime,  which  reUiiiiH  the  acetic 
acid,  the  water,  aud  uiuiit  oi  the  tarry  matter.  The  wood  naphtha  of  coiuiuerce, 
however,  is  often  merely  rectified  from  chalk :  as  thua  prepared  it  is  a  mixtaro 
oonauting  chiefly  of  m  'thylic  alcohol,  methylie  acetate,  and  acetone,  with  oily 
eabitanoee  insoluble  in  water,  and  which  may  be  separated  from  it  by  admixture 
with  water. 

In  order  to  tree  it  from  these  impurities,  it  is  mixed  with  an  e(|U  il  volume  of 
a  uoncentrated  aolution  of  pota«iiic  or  «odic  hydrate,  and  allowed  tu  ^lund  for  donie 
hours,  or  still  better  boiled  with  it  for  a  time ;  any  oily  matters  which  may  have 
risen  to  the  surface  after  this  treatment  are  removed,  and  the  liquid  ix  then  dis- 
tilled:  the  alkali  decompt)ses  the  nietliylic  act-tate,  usually  present  in  large  quan- 
lit}%  and  forms  j>otji.«s>.ic  acetate,  whilst  nn  thylio  alcohol  is  produced  and  dibtils 
over  f  after  thiit  it  may  be  in  great  meiuure  deprived  of  water  by  Uie  addition  of 
potaksic  carbonate,  and  the  upper  stratnm  of  liquid  being  decanted-  from  the 
saturated  aqueous  solution  of  potassie  carbonate,  may  be  Baturated  with  ealde 
chloride,  which  forms  with  methylie  alcohol  a  compound  not  deoompoeable  at  the 
teni{>erature  of  boiling  water.  The  mixture  is  then  t^ubjected  in  a  retort  to  the 
heat  of  a  liteam-bath,  aud  the  volatile  portions  uontainiug  acetone  and  methylie 
acetal,  are  thus  expelled.  The  residue,  which  retains  the  methylie  alcohol,  is 
mixed  with  an  equal  weight  of  water,  by  which  the  alcohol  is  divplaoed  from  its 
combination  with  the  chloride;  and  on  renewing  the  application  of  heat,  methylie 
alcohol,  mixed  with  a  little  water,  pa.-ses  over  ;  a  second  rectification  from  quicklime 
lurnishes  it  in  a  slate  of  comparative  purity,  aud  by  rej>.'ating  the  treatment 
with  calcic  chloride  the  alcohol  may  be  still  further  purified.  Although  tliis 
method,  however,  afibrds  a  means  of  obtaining  pure  methylie  alcohol  in  quantity, 
its  preparation  is  a  matter  of  oomuderable  difficulty.  Crude  methylie  alcohol  may 
also  be  purified  by  converting  it  into  irtethylic  oxalate,  or  ittill  better  as  reeom- 
meuded  by  Carina  (.i/in.  Cheni.  P/iarni.,  ex.  210)  by  convertin<^  it  into  methylie 
benzoate.  A  .solution  of  benzoic  acid  in  an  excess  of  the  alcohol  ih  tiaturated 
with  hydrochloric  acid  gas,  then  digested  on  the  water  bath  for  two  or  three  hours, 
distiHad,  and  the  portion  which  boils  above  loo**  (31  a**  F.)  after  waahmg  with 
cold  water  is  decompoied  by  heating  in  a  flask  attached  to  a  reversed  condenser 
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with  ft  »1i^ht  eiMn  of  aodic  hydrate  diaaolved  in  3  or  4  fMurts  of  watrr.  The  aloohol 

5.<  <li.stilled  off,  and  rendered  anhydroos  bj  dige^iting  it  with  quicktiine.  The 

hCKJio  l)eii/n;itf'  is  treated  with  the  necessary  quantity  of  dilute  sulphuric  acid,  and 
tiif  lih(  r:itc«l  U'lizoic  acid  a^nemploj'ed  iu  the  prepftration of  a  further  quantitj 

ol  iiu'tiijilx-  beu/.oate. 

Properties. — Mctbylic  aloohol  is  a  limpid,  inflammable, 
colourless  liquid,  of  a  penetratiDg  spirituous  odour,  and  a  dis- 
agreeable  burning  taste  :  the  empyieumatic  smell  commonly  ol>> 
served  is,  however,  due  to  ihe  impurities  in  the  product,  most  of 
which  may  be  removed  by  prolonged  digestion  upon  charcoal 
and  methodical  filtration  through  it,  as  practised  by  Mr.  Eschwegc. 
It  boils*  at  58^-6  (iS7\  f  h  has  a  sp.  gr.  of  0*798  at  20** 
(68°  R),  or  0*8142  at  0°  (32^  P.).  It  is  soluble  in  water,  alcohol, 
and  ether,  in  all  proportions.  When  it  is  mixed  with  water,  con- 
traction takes  place.  It  is  very  inflammable,  and  bums  with  a  pale 
non-luminous  flame, producing  carbonic  anhydride  and  water,  whilst 
its  vapour  passed  through  a  red  hot  tube  gives  rise  to  acetylene 
amongst  other  products  (BerthelotK  When  pure,  it  does  not 
reduce  mercurous  nitrate  if  mixed  with  its  solution.  Methylic 
alcohol  mixes  readily  with  the  essential  oils,  and  dissolves  many 
.fatty  bodies  and  resins  witli  facility.  Its  principal  application  in 
the  arts,  as  .crude  wood  naphtha,  is  founded  upon  its  power  of 
dissolving  the  resins,  which,  when  thus  dissolved,  are  emphnetl 
as  varnishes.  Tt  is  larj^ely  used  for  mixing  with  ordinary  alcohul 
to  form  'methylated  sj)irit  /  a  solution  of  shell-lac  and  other 
resins  in  this,  is  extensively  used  for  stid'ening  the  hasis  of  silk 
hats.  The  hydrates  of  the  alkalies  are  soluble  in  wootl  spirit, 
hut  they  iinmeiliately  colour  it  brown,  doubtless  by  their  action 
on  some  of  the  impurities  ordinarily  present.  Ure  proposed  to 
utilize  this  reaction  as  a  means  of  detect iug  small  quautiliiut  of 
pyroxylic  spirit  in  ordinary  cthylic  alcohol. 

When  methylic  alcohol,  in  vapour,  is  passed  over  heated 
sod  a- lime,  hydrogen  is  given  off  and  sodic  formate  is  pro* 
duced : 

CH,(OH)  +  NaHO  «  H.COONa  +  aU^. 

MeUvlio  alcohol.  Sodle  AmiaiU. 

But  at  higher  temperatures,  and  in  presence  of  excess  of  the 
alkaline  hydrate,  the  formate  is  converted  into  oxalate,  and 


•  Owing  to  the  difficulty  of  obtaining  it  pure  the  boiling  point  of  methylic 
alcohol  is  very  variously  siatftl  ;  the  number  hero  given  is  that  observed  by 
Dayic  (.fi  Soc.  Froc.t  xx.         which  there  ia  every  reasoa  to  beliere  is  correct. 
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ultimately  into  carbonate.  Methylic  alcohol  also  yields  formic 
acid  when  slowly  oxidized  in  coutact  with  platinum  black  ;  the 
forinatioQ  of  the  acid  being  probably  preceded  by  that  of  formic 
aldehyde.  The  alkali  metals,  potassium  and  sodium,  act  with 
great  energy  on  methylio  alcohol>  displacing  the  hydrogen  in  the 
OH  group,  and  giving  rise  to  potassic  methylate^  CH^.OK^  and 
aodic  methylate,  CH,.ONa,  respectiyely,  both  of  which  are  crys- 
talline compounds  closely  resembling  the  corresponding  deri- 
▼atives  obtained  from  ethylic  alcohol  With  concentrated 
anlphnric  acid,  it  yields  hydric  methylic  sulphate^  CU,.HSO^. 
Chlorine  acts  with  great  eneigy  on  the  alcohol,  the  ultimate 
product,  according  to  Cloes  (Compt.  Rend.,  xlviii.  642),  being 
paraehtoraHde,  C^HClj^O.  A  similar  compouud,  parabromalxde, 
CgHBrjO,  is  obtained  by  the  action  of  bromine.  It  is  not  known 
at  present,  however,  what  is  the  nature  of  these  compounds ;  in 
fact,  the  action  of  the  halogens  on  methylic  alcohol  is  a  subject 
requiring  investigation.  Methylic  alcohol  dissolves  calcic  chloride, 
uniting  with  it  to  form  the  compound  CaCl,  +  ^LW  fl,  which 
crystallizes  in  six-siiled  plates.  It  also  forms  a  crystaliiue  com- 
pound with  baryta,  BuO  +  iCH^O. 

(1437)  Etuvliu  Alcohol  or  M i:th ylcarrinol  ;  Alcohol  or 
Spirit  of  nine  :  CMp  or  CH^-CH  ,(()I1)  =  46.— AltluHi£?h  intoxi- 
cating drinks  prepared  by  the  fermentation  of  various  licpiids 
containing  sugar,  such  as  grape  juice,  have  been  known  from  the 
earliest  times,  it  does  not  ap[)ear  that  al<*ohol  was  obtained  free 
from  non- volatile  impurities  until  about  the  twelfth  century.  It 
has  been'  formed  synthetically  from  ethane,  acetic  aldehyde,  a 
mixture  of  acetic  acid  and  acetic  chloride,  acetic  anhydride,  and 
also  from  ethylene  (p.  188),  by  the  metliods  described  when 
treating  of  the  general  properties  of  the  alcohols.  The  formation 
of  alcohol  from  ethylene,  first  observed  by  Heimel  [Hhii.  Trans., 
1826,  p.  240),  is  of  special  interest  as  au  example  of  the  complete 
synthesis  of  a  carbon  compound  from  its  elements.  Thus, 
carbon  and  hydrogen,  as  already  mentioned  (p.  209),  may  be 
caused  to  unite  directly  to  form  acetylene,  which  in  contact  with 
nascent  hydrogen  is  readily  converted  into  ethylene.  This  com- 
pound is  slowly  absorbed  when  briskly  agitated  with  concen- 
trated, sulphuric  acid,  and  the  solution  when  diluted  with  water 
and  submitted  to  distillation  yields  a  small  quantity  of  dilute  alcohol 
(Berthelot,  Aim.  CAtm.  [3],  xliii.  388).  According  to  Hemiliaa 
(Dettt.  Chem,  Gea.Bet.,  riii.661)  ethylic  alcohol  also  occurs  along 
with  methylic  alcohol  in  the  product  obtained  by  the  destructive 
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distillation  of  wood.  Tliis  stateineiit  reciiiirrs  oonfirniation,  how- 
ever, as  it  is  possible  tliat  the  wood  spirit  ruierred  to  may  iiave 
been  adulterated  with  aleohol  [ibid.  ii.  105). 

Tlfc  methods  just  mentioned,  however,  possess  merely  a 
scientifie  interest,  as  aleohol  is  invariably  prepared  on  the  large 
scale  by  the  fermentation  of  a  saccharine  solution,  such  as  grape 
juice,  the  molasses  from  the  sugar  cane,  the  refuse  of  the  beetroot 
sugar  manufactory,  starch  and  dextrin  altered  by  contact  with 
infusion  of  malt,  &c.  These  solutions  should  contain  about 
one-eiglith  of  tlicir  weight  of  sugar,  in  order  that  the  fermenta- 
tion may  be  conducted  with  the  greatest  advantage,  but  even 
then  not  more  than  four-fifths  of  the  whole  is  converted  into 
alcohol.  The  reaction  which  produces  the  alcohol  may  be  thus 
represented : 

C,H„0.  =  aCjH,0  +  aCOg. 

QkwM&b.  Aleokol. 

but  it  must  be  remembered  that  several  other  prodocts  are  always 

prrjduced  in  small  quantities  at  the  same  time  (see  Fermenta^ 
tion). 

Alcoliol  mav  readily  be  obtained  diluted  with  more  or  less 
water  by  subjecting  these  fermented  worts  to  distillation.  The 
first  portions  which  come  over  contain  the  alcohol,  and  may  be 
concentrated  bv  reneatcd  rectifications  until  thev  contain  onlv 
about  9-10  per  cent,  of  water.  Strong  spirit  may,  however,  be 
obtained  from  the  wash  at  a  single  operation  by  the  use  of 
specially  constructed  stills,  similar  to  those  devised  by  Adams 
aud  by  Coffey  (18S).  It  is  not  possible.,  however,  to  separate 
the  last  portions  of  water  by  simple  rectification,  so  that 
recourse  must  be  had  to  some  dehydrating  substance.  Dry 
potassic  carbonate  readily  removes  water  irom  dilute  alcoliol, 
forming  an  aqueous  solution  heavier  than  the  alcohol,  and  not 
miscible  with  it ;  and  thus  otters  a  ready  method  of  concentrating 
small  quantities,  aitlumgh  it  will  not  take  up  the  last  4  or  5  per 
cent,  ot  water.  W  hen  anhydrous  or  *'  absolute"  alcohol  is  required, 
recourse  must  be  had  to  quicklime,  and  then  the  best  method  of 
proceeding  is  probably  that  given  by  Erlcnmcyer  {Ann.  Chem. 
Fharm.,  clx.  249).  The  lime  is  placed  in  small  lumps  in  a  fiask 
or  tin  can  furnished  with  an  iuverted  condenser,  highly  rectified 
spirit  is  poured  on  to  it,  and  the  whole  digested  in  a  water  bath 
for  an  hour  or  more.  The  spirit  is  then  distilled  off,  and  if  not 
quite  anhydrous,  ^subjected  a  second* time  to  similar  treatment. 
Anhydrous  cupric  sulphate  or  potsssic  ferrocyanide  may  also  be 
employed  in  dehydrating  small  quantities  of  aicohol.    Dry  aloobol 
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does  not  eommimioate  the  faintest  blue  tinge  to  anhydrous 
caprie  sulphate. 

Propaiiei. — Alcohol  is  a  colonrleBS^  volatile^  inflammable 
liquid,  of  agreeable  well-lCnown  spiritnons  odonr  and  hnrning 
taste.  It  boils  at  78^  3  (i  73°  ¥.),  and  when  pure  it  has  a  specific 
granty  of  07938  at  15^-6  (60*'  F.)  It  has  never  been  froaen, 
though  at  a  temperature  of  —  iio^  C.  (—  166^  F.)  it  becomes 
▼iscid.  Taken  in  small  quantities  in  a  diluted  form,  it  furnishes 
a  useful  and  well-known  stimulant,  and  it  forms  the  basis  of  all 
formented  liquors ;  but  in  large  quantities  it  produces  intoxica- 
tion, and  acts  as  a  powerful  narcotic  poison,  frequently  occasion- 
ing  £Ual  results  when  taken  in  a  oouoeutrated  state,  and  in 
excess. 

Alcohol,  when  burned  in  the  air^  emits  l)nt  little  light,  and 
is  wholly  converted  into  carbonic  anhydride  and  w  ater,  depositing 
no  soot  u|K)n  eold  bodies  which  arc  introduced  into  it«  Hame. 
Two  volumes,  or  one  molecular  weight,  of  alcohol  vapour,  require 
for  complete  combustion  three  times  its  bulk,  or  six,  volumes,  of 
oxygen;  CjH/)  4- 30_,  =  2CO., -I- 3H.,0.  AVlien  the  vapour  of 
aicoliol  is  passed  tlirough  a  red- hot  tube  it  is  decomposed,  the 
products  varying  With  tin-  tcnipeniture  employed;  at  low  tem- 
peratures, water,  carbonic  oxide,  methane,  ethylene,  and  acetylene 
appear  (lierthelot) ;  at  a  bright  red  heat  carbon  is  deposited,  and 
Iree  hydrogen  produced. 

When  alcohol  is  exposed  to  the  atmosphere,  it  attracts 
moisture  from  it,  and  when  mixed  with  water  it  contracts  in 
bulk,  whilst  heat  is  at  the  same  time  developed:  the  observed 
density  of  the  mixture  of  ahruhol  aud  water  being  greater  than 
its  calculated  mean  density.  According  to  Budberg,  the  con- 
densation is  greatest  when  53739  measures  of  alcohol  and 
49' 836  of  water  are  mixed  at  15^  (39°  F.) :  these  proportions  cor* 
respond  to  Cj|U,0  -f  3OH, ;  when  cooled  again  to  15^  this  mixture 
occupies  only  100  measures  instead  of  103*375,  and  has  a  sp.  gr. 
of  0*927  (see  also  Dupr^  aud  Page,  Drans,  M.  Sec.,  1861,  591). 
From  the  importance  of  alcohol  aa  an  exciseable  article,  great 
labour  has  been  bestowed  upon  the  means  for  readily  detenninmg 
iu  percentage  in  spirituous  liquors.  The  method  in  common  use 
for  distilled  spirits  consists  in  determining  the  specific  grarity  by 
means  of  a  sensiti?e  hydrometer;  and  tables  have  been  con- 
structed for  showing  the  percentage  of  alcohol  in  mixtures  of 
various  densities.  In  these  cases,  great  attention  must  be  paid  to 
the  temperature,  since  slight  differences  in  this  particular  make  a 
material  variation  in  the  density.  The  term  proof  spirit,  in  con- 
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stant  use  amongst  the  exaae,  is  defined  by  an  Act  of  Parliament 
(58  George  III.),  to  be  ''ancli  as  shall  at  the  temperature  of 
$1^  P.  (10^*5  C.)  weigh  exactly  twelve-thirteeath  parts  of  an  equal 
measure  of  distilled  water."  It  consists  of  water  5076,  alcohol 
49*24  by  weight,  and  indicates  alcohol  of  sp.  gr.  0*920  at  15^*5 
(60^  F.),  {0*91984;  Drinkwater).  The  term  deriTCs  its  origna 
from  the  rude  method  of  proof  formerly  in  use,  in  which  gun- 
powder was  moistened  with  the  spirit  of  wine  to  be  tried,  and  the 
alcohol  ignited ;  if  it  fired  the  powder  it  was  said  to  be  over  proof, 
but  if  the  spirit  burnt  off  and  left  the  powder  damp,  it  was  con- 
sidered to  be  under  proof;  the  weakest  spirit  capable  of  thus 
firing  powder  had  a  sp.  gr.  of  about  0*92O.'i'  Every  additional 
c J  per  cent,  of  absolute  alcohol  above  0*920  is  said  to  be  one 
degree  over  proof. 

Alcohol  is  a  solvent  of  great  value  to  the  chemist,  as,  owing 
to  its  volatility  it  is  cH.sily  expelled  by  a  gentle  heat,  leaving  the 
substances  whieh  it  previously  held  in  solution  in  a  pure  state. 
In  some  eases,  however,  it  exerts  a  chemical  action  upon  the 
bodies  \ihieh  it  dissolves.  Many  of  the  gases  are  freely  soluble 
in  alcohol ;  some  of  them,  as,  for  instanee,  nitrous  oxide,  carbonic 
anhydride,  phosphuretted  hydrogen  and  cyanogen,  and  the  hydro- 
carbons, are  dissolved  by  it  more  readily  than  by  water.  Iodine 
and  bromine  are  also  readily  soluble  in  it,  but  their  solutions 
gradually  undergo  decomposition,  in  consetiuencc  of  the  action 
of  iodine  and  bromine  on  the  aleohol.  Absolute  alcohol  dis- 
solves small  quantities  of  phosphorus  and  of  sulphur.  The 
alkaline  sulphides,  as  well  as  }x)tas8ic  and  sodic  hydrates,  are 
soluble  in  it  to  a  very  large  extent ;  and  ammoniacal  gas  is  absorbed 
by  it  nearly  as  readily  as  by  water ;  it  does  not  dissolve  the  car- 
bonates  of  the  alkalies,  however.  Alcohol  likewise  freely  dissolves 
many  organic  bodies,  such  aa  the  resins,  the  essential  oils,  the 
vegetable  alkaloids,  and  many  of  the  vegetable  acids.  It  also 
dissolves,  more  sparingly,  sugar,  and  the  potash,  soda,  and 
ammonia  soaps;  but  the  fats  and  fixed  oils,  with  the  excep- 
tion of  castor  oil,  are  dissolved  by  it  only  in  small  quantities. 
Alcoholic  solutions  of  potassic  and  sodio  hydrate,  which,  if 
ooncentrated,  chiefly  oontaiu  potassic  and  sodic  ethylate,  act 
powerfully  as  reducing  agents  upon  many  metallic  solutions, 
such  as  those  of  platinum ;  they  gradually  absorb  oxygen  firom 
the  air,  and  become  brown,  owing  to  the  formation  of  a  lesinoid 


*  In  the  Appt^ndix  two  tables  of  the  streagtli  of  alcohol  at  dilfcreul  specific 
gravities  will  be  foundi 
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snbstance.  Wlien  dropped  upon  fused  potassic  hydrate,  alcohol 
it  decompoeed,  hydrogen  being  evolved^  and  potassic  acetate 
produced : 

CH,.CH,(OH)  +  KHO  »  CH,.COOK  +  aH.. 

Sodium  and  potassium  dissolve  readily  in  alcohol  with  evolution 
of  hydrogen  and  considerable  rise  of  temperature,  forming  sodic 
or  potassic  ethyl  ate,  but  these  substances  separate  from  the 
solution  in  colourless  crystals  in  combination  with  alcohol^  the 
sodium  compound  as  C.JI.pXa4-3C2HgO. 

Chlorine  attacks  anhydrous  alcohol  with  great  energy,  chloral 
alcnholate  being  the  ultimate  product,  whilst  large  quantities  of 
ethylic  chloride  are  simultaneously  produced. 

The  fonnatkm  of  ehlorsl  sleoholate  is  undoubtedly  the  end  resalt  of  a  knig 
•er'es  of  changes,  the  fatX  of  whieh  it  may  be  snpposed  takeit  place  in  aeoordsnee 
with  the  eqmitMMi: 

CH,.CH^OH)  +  q,  =  CH,.CHCI(OH)  -i-  Ha 

The  prodiMfe  of  lliis  rsaolioii  probably  then  enten  loto  reaction  with  aZeohol  in 
the  f<dlowing  manner : 

Cll..CHCl(OH)  +  C.H^OH  *  CH,.CH  |  +  HCl; 

and  bj  the  prolonged  action  of  chlorine  on  ihb  compound,  ohloral  aloohohito  is 
finally  produced : 

CH,.CH  I  ^^^^  +  3CI,  =  CC1,.CH  [  ♦  3Ha 

The  hydrochloric  !i<'id  p^nerated  in  these  resictions  converts  a  portion  of  the 
alcoliol  into  monochiorethane  or  ethjrlic  chloride,  C'^H^.OH  +  HCl  =  C,H,C1  + 
OH^  and  bj  the  artbn  of  chlorine  on  this  body,  higlier  chkmnated  deriTattves 
of  ethane  are  formed  and  ooeor  in  the  product. 

AlthougU  ohloral  alooholafp  ?««  {ho  chiof  product  of  the  aotion  of  chlorine  on 
anliydrons  alcohol,  apparently  i-hlorinatod  acetals  are  formed  and  probably  also 
chlorinated  derivative^i  of  etliylic  ether,  and  perhapH  aluo  chlurad  (Lieben,  Deui, 
Chem.  Ge».  Ber.,  iii.  907). 

By  the  action  of  chlorine  on  aqneone  alcohol,  similar  prodoota  are  obtained, 
but  in  addition,  in  the  early  8ta<^es  of  the  action,  aldehyde,  acetic  acid,  ethylie 
aeetate  and  acetal  are  formed.  The  aldehyde  is  probably  prodaoed  from  tbe 
compound  CH,.CHC1(0H),  which  Iow'h  a  molecule  of  hydrochloric  acid;  and 
tbe  acetal  in  perhaps  formed  in  the  manner  indicated  by  the  equation  : 

CU^CilCKOH)  +  2C,H,.0U  =  CH,.CH(OC,UJ,  +  HCl  +  OH^ 

Bromine  acts  in  a  similar  manner,  but  less  violently  (see 
Bfomalj.  The  action  of  iodine  on  pure  alcohol  is  Tery  slow,  bnt 
ethylie  iodide  teems  to  be  produced  ultimately ;  in  the  presence 
of  an  alkali,  however,  iodoform  is  rapidly  formed,  and  Ldeben 
has  Dtilised  this  reaction  as  an  extremely  delicate  test  for  alcohol. 
The  liquid  under  examination  is  heated  in  a  test  tube,- and  a 
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little  iodine  and  potassic  hydrate  aolntion  is  theii  introdaoed  :  if 
alcohol  is  present  a  yellow  crystalline  precipitate  consisting  of 
minute  hexagonal  plates  or  six^rayed  stars  of  iodoform  soon 
makes  its  appearance.  This  test  is  capable  of  detecting  1  part 
of  alcohol  mixed  with  10,000  of  wat^  (Hager,  Zeiii.  anai.  Chem,, 
ix.  492).  Alcohol,  when  slowly  oxidised  in  contact  with  the  air, 
by  means  of  platinum  black  for  instance,  yields  aldehyde, 
CHj,.(X)H,  aoetal,  CH3.CH(OC,H5)a,  acetic  acid,  and  ethylic 
acetate.  This  action  may  be  readily  observed  by  placing  a  coil 
of  platinum  wire  round  the  wick  of  a  spirit  lamp  and  igniting 
the  lamp  ;  as  8oon  as  the  portion  of  the  coil  above  the  wick  is 
red-Iiot  the  flame  is  blown  out,  wIuti  the  wire  will  continue  to 
j^low  from  the  heat  developed  by  the  slow  combustion  of  the 
alcohol,  producing  aldehyde,  &c.  Alcohol  is  oxidized  to  aldehyde 
by  chromic  acid  mixture,  but  if  an  excess  of  the  reagent  he  em- 
ployed it  is  completely  converted  into  acetic  acid.  AVhen  alcohol 
is  slowly  added  to  a  well  cooled  mixture  of  concentrated  nitric 
and  sulphuric  acids,  ctliylic  nitrate,  C,TI..NO.^,  is  jjioduced,  and 
this  compound  is  also  obtained  when  alcohol  is  distilled  with  con- 
centrated nitric  acid  and  urea ;  but  concentrated  nitric  acid 
alone  acts  very  violently  on  alcohol,  and  chiefly  oxidation  pro- 
ducts, such  as  aldehyde,  and  formic,  acetic,  glycoUic,  glyoxylic 
and  oxalic  acids,  and  glyoxal,  are  formed,  t(><;ethcr  with  a  small 
quantity  of  ethylic  nitrate  and  etbylic  nitrite  (see  Glyoxylic  Aeid). 
Concentrated  sulphuric  acid  reacts  with  alcohol,  forming  hydric 
ethylic  sulphate :  C3H5.OH  +  H3SO,=CjH,.HSO,-hOHj.  Simi- 
larly, by  the  action  of  phosphoric  acid  on  alcohol  ethylic  dihydric 
phosphate,  C^H^.H^PO^  is  produced ;  and  by  the  action  of  phos- 
phoric anhydride  a  mixture  of  diethylic  hydric  phosphate  and 
triethylic  phosphate  is  formed.  The  haloid  adds  aie  readOj 
absorbed  by  alcohol^  and  when  the  solution  is  heated,  monobaloid 
deriTatim  of  ethane  are  obtained : 

C2H5.OH  +  HCl  =  CJI.Cl  -h  OHy 

When  anhydrous  alcohol  is  added  to  phosphorous  chloride 
the  following  reactions  are  obserred  according  to  the  propor- 
tions in  which  they  are  mixed  (Wichelhaus,  Ann.  Ckem,  FiUarm, 
Yi.  2S7)  ' 

PCI3  -\-  CJI-.OII  =  PCU.OC.H,  +  HCl. 
PCI,.OC,H,  +  C,H,.OH  =  PC1(0C,H,),  +  HCl. 
PCl(0CgH5)g  +  CjHj.Oli  =  P(OCgH.),  +  HCl. 
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If  the  alcohol  contains  water,  secondary  prodacts  are  formed  by  its 
action  on  the  chlorides ;  for  example  : 

PCl,.OC,H,  +  aOH,  =  PO,U,.OC,H,  +  aHCL 

Similar  reactions  occur  with  phosplioric  oxychloride,  POCl,.  By 
the  action  of  phosplioric  pentacliloride  on  alcohol,  phosplioric 
oxychlorido,  chlorctliane,  and  hydnxddoric  acid  arc  produced,  the 
reaction  being  precisely  similar  to  that  which  occurs  wheu  water 
decomposes  the  chloride : 

pa,  +  c,H,.OH  =  poci,  +  c,H,a  +  Hca. 

PCI,  +  OHj,  =  POCl,  +  HCl  +  HCl. 

The  bromides  and  iodides  of  phosphoms  behave  similarly. 

When  anhydrous  alcohol  is  added  to  well  cooled  thiosulphorons 
chloride,  8,01,,  it  is  at  once  acted  upon,  hydrochloric  acid  and  sul- 
phurous anhydride  gases  being  evolved,  whilst  the  residue  contains 
chlorethane,  ethylic  sulphite,  traces  of  mercaptan  and  sulphur 
(Carius,  Ann.  Chem.  Pharm.,  cvi.  291).  The  manner  in  which 
these  Tarious  products  are  formed  is  not  thoroughly  understood, 
but  probably  the  foUowiug  equations  represent  the  reactions 
which  occur : 

«.  Cjir-OH  +  S.Clg  =  CJI,.SH  +  SOCU; 

iioQiKil.  TUoMUpbonms  ehlorida.  McrapUn.    Salpharoui  ohioridi. 

p.  aC,H,.SH  +  SOCl,  =  SO(SC,H,),  +  aHQ; 

y.  S0(SCj,Hj)3  +  SOCl,  =  SO^  +  38  +  aCjHjCL 

By  the  action  of  ehlorhydric  sulphate  on  alcohol,  diethylic 
sulphate  is  produced  (Magnrowska,  /ram.  Pr.  Chem.  [a],  xiii. 

aCjHj.Oil  i-  80,01.0  H  =  S0g(0C,Hj5  +  OH,  -f  HCl. 

Alcakolaie9* — ^Alcohol  not  only  dissolves  many  of  the  deliques- 
cent salts,  but  also  combines  with  various  saline  bodies  in  definite 
proportions,formins;  erystalllxable  compounds,  in  which,  as  Ghraham 
pointed  out,  the  alcohol  acts  in  the  same  way  as  water  of  crys- 
tallization. The  calcic  chloride  compound,  for  instance,  has  the 
fj>rinnla  CaCl2  +  4C2HgO ;  the  zincic  chloride  compound  the 
formula  ZnClg+iCjHgO,  whilst  the  baryta  compound  is 
BaO  +  2C.,H^p.  Maofncsie  and  calcic  nitrates,  ferrous  and  ferric 
chlorides,  man^anous  nnd  stannic  chlorides  also  form  crystallizable 
compounds  with  alcohol. 

By  cooling  miiLtures  of  alcohol  and  water  containing  not  less 
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than  about  40  per  cent,  of  alcohol  in  a  bath  of  solid  carbonic 
aniiydride  aud  ether  a  crystalline  hydrate  of  aloohoi^ 
C2HgO  +  40n^,  is  obtained;  this  substance  melts  constantly  at 
~34®  (— 29*'*a  F.)  (Guthrie,  Pky».  80c.  Prae.,  1875,  p.  94). 

Methylated  Spirit. — The  methylated  spirit  of  coromeroe  consist*  of  a  mixture 
of  aloobol  of  ip.  gr.  0*850  with  10  per  onit.  of  eommon  wodd  spirit.  This  addi- 
tion of  wood  spirit  fcarcely  interferes  with  the  employment  of  the  spirit  at  a 

solvent,  jiltlioii^h  it  renders  it  too  unpalatable  to  be  used  as  a  stimulant ;  it  was 
added  to  facilitatt'  the  use  of  spirit  in  the  arts  without  inflictinj^  '"j'TV  on  the 
reveuue ;  amungrit  other  advanUiges,  Uie  aid  it  has  aflurded  iu  facilitating 
rnearcfaet  in  organic  chemistry  in  this  country  is  very  considerable.  The 
offenuTo  odour  may  be  remorcd  by  prolonged  oontaet  with  oharooel,  as  has  been 
ahown  by  Mr.  EKchwcge,  but  this  is  iiot  permitted  by  the  excise. 

IVines,  yermenteii  Liqtior.v,  ami  Spirits. — The  various  kiiuls  of  s]Mrit>  m 
use  derive  their  name*  iVom  ;ui  idi>iital  circunistan<-efc  -ut'ttMi  IVuin  the  flavour 
which  they  possess.  P'or  instance,  yin  is  spirit  flavoured  by  di*Lilliug  it  with 
juniper  berries ;  peppermint  owes  ita  aroma  to  the  essential  oil  of  Uw  plant  after 
which  it  is  named;  whitty  is  apirit  distilled  from  wort  prepared  from  malt 
which  has  been  dried  over  a  peat  6re,  to  which  its  peculiar  flavour  is  due  ; 
arrack-  is  a  spirit  distilh  d  from  fermented  rice ;  and  rum,  a  West  Indian  product, 
irom  molasses ;  brandy  is>  really  the  '  spirit  of  wine,'  being  obtained  from  wines 
by  diatillation,  and  coloured  more  or  less  deeply  with  burnt  sugar.  In  all  these 
eaaea  the  oharacteriatio  flavour  depends  upon  a  small  quantity  of  some  volatile  oil  or 
compound  ether,  which  passes  over  with  the  spirit  during  the  process  of  distillation. 

The  varieties  of  spirits  are  ver}'  numerous,  and  those  of  fermented  liquors 
which  are  used  without  Kubjectiiiir  them  to  distillation,  are  still  j?reater.  To 
this  class  belong  all  the  difl'erent  kinds  of  wine,  which  owe  their  peculiarities  of 
flavour  partly  to  the  different  varietiea  of  grape,  <^  which  500  or  600  are  enlti- 
vated,  and  partly  to  the  diflerent  flavour  which  even  the  aame  variety  of  grape* 
possesses  when  grown  in  difl^erent  climates,  or  even  on  a  different  soil.  The 
grapes  ^rown  in  the  hottest  climates  furnish  the  sweetest  juice,  but  not  nece«- 
sarlly  tiio  wiuea  of  tiucst  quality;  and  the  5avour  is  also  materially  influenced 
by  the  manner  iu  which  the  wine  i>«  prepared.    For  example,  when  fermentation 
is  allowed  to  prooeed  until  almost  all  the  sugar  is  tranaformed  into  apirit,  a  dry 
wine  is  produeed ;  when  checked  before  this  point  is  renched,  the  nralt  is  a  rich 
fruity  wine;  and  when  bottled  whilst  the  fermentation  is  still  proceeding,  a 
brisk  eflerviHcent  wine  like  eliamp:i;^ne  is  the  result.     It  is  the  usual  practice  to 
aid  more  or  less  of  a  soluliou  of  puie  beet  or  c  me  .su<;ar  to  champagne  before  it  is 
finally  ready  for  the  market.  According  to  the  experimenta  of  llnioe  Jones,  eburet, 
Bnrguiidyi  and  the  winee  of  the  Bhme  and  the  Moselle,  oontalo  searoely  any 
sugar ;  sherry  yields  from  I  to  5  per  cent.,  port  from  3  to  7  per  cent,  and 
Tokay  as  much  as  17  p^r  cent,  of  sugar.     The  cliaiif.'e  of  flavour  comk'quent  on 
the  ageing  of  wine,  depends  partly  upon  the  gradual  fermentation  of  sugar  still 
retained  in  rich  wines,  and  partly  upon  the  slow  separation  of  saline  matter, 
priucipally  in  the  form  of  hydrio  pt^aaaic  tartrate,  KHCJI.O,.  whieh  bi<coineB 
lesa  soluble  as  the  proportion  of  spirit  increases,  and  is  deposited,  particulsriy 
from  port  wines,  aa  a  oruat  of  tartar  upon  the  aidea  of  the  bottle*  An  important 


•  A  certain  variety  of  grape  when  grown  upon  the  Ithine  furnishes  a 
Pl>ecies  of  WwV  ;  the  sanu'  ;.;rape  when  raised  in  the  valley  of  the  Ta^'us  \  ields 
iiucellas;  whilst  in  the  island  of  Madeira  it  prcduct*s  the  wine  kuuwo  as 
fierobl,  whieh  baa  a  flavour  quite  diiRmt  ftom  either  of  the  othsis* 
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pwi  of  the  diange  of  flavonr  appears  also  to  be  owing  to  tlie  slow  forrnation  of 
Miaato  qnantitict  of  fragiaiit  and  aromaftie  ethers,  whidi  are  gradually  produoel 
bj  the  actioii  of  the  acids  present  on  the  alcohols  in  the  wine. 

S^jnie  wine*,  instead  of  improving,  Wome  ropy  by  ki  epin^.  This  occurs 
only  witli  sweet  wines,  and  is  due  to  a  peculiar  specie?!  of  ierui^ntatioil  in  whiilh 
the  bugar  pasBett  into  the  uncry^tallizable  Ibriu  of  uiuc  lage. 

The-  odour  of  the  wine  ia  dependent  npott  the  mode  in  whidi  the  fermentai- 
tion  ia  elBwted.  Bed  grapes  may  be  made  to  yield  * '  white'  wine  if  the  hnaks 
•f  the  grape  be  removed  from  the  must  before  the  fermentation  begins,  as  in  the 
preparation  of  champui^ne  and  sherry ;  but  if  the  skms  be  lelt  in  the  fermenting 
mass,  the  alcohol,  a.s  it  is  formed,  dihi^olveii  the  colouriug  matter,  producing  the 
d^erent  shades  of  *  red'  wine.  During  the  preparation  of  red  wines,  the  ttkins 
and  staltcs  rise  to  the  snrfaee  of  the  finrmenttng  maia  and  form  the  ehapeau, 
which  is  removed  from  the  fermenting  juice  at  an  earlier  stage  in  the  making  of 
clarets  than  in  the  preparation  of  ports,  and  this  is  one  reaaon  why  pmrt  ia  tho 
more  antrin<,'ent  wine  of  the  two. 

The  prooe:i!>  ot  iVnivetitaiion  in  making  wine  is  much  more  gradual  and  pro- 
traeM  titan  in  thi.>  prt  paration  of  malt  Uquora.  After  the  grapes  have  been 
tvodden  in  the  press,  the  juioe  passes  to  the  ftrmeotiog  vesseb :  no  addition  of 
yeaat  is  neoessary,  as  after  a  ^hort  time  a  copious  deposit  of  ferment  granules 
or  yeast  occurs  spontaneously.  The  fermentini^  vats  are  so  cotis^truoted  that 
when  the  active  stiige  of  the  fermentation  is  over,  tiiey  can  be  loosely  closed  by 
a  bung.  Ak  soon  aa  the  winter  frost  sets  in,  the  wiue  is  decanted  from  the  lees 
into  oidcB,  which  are  oompletelj  filled,  and  Uien  do«<ed  with  care.  In  order  to 
snpply  the  lotfs  from  leakage  or  evaporation,  the  cssks  are  carnally  filled  up  at 
intervals.  Here  a  secondary  very  gradual  fermentation  oooors,  which  requires 
careful  watching ;  exclusion  of  the  air  at  this  stajjje  being  indispensable  in  order 
to  prevent  the  wine  from  becoming  aour,  from  the  formation  of  acetic  acid  by  the 
osidation  of  the  alcohoL 

Sometimes  a  wine  aeqmm  »  peculiar  favonr  known  as  the  'taste  of  the 
caak.*  This  is  attributed  to  the  development  of  a  pe<:uliur  essential  oil  during 
the  growth  of  funj^i,  or  'mould, *  upon  the  surface  of  the  wine  (?).  It  is  said 
that  it  may  be  rcMioved  by  :uiiiinLr  to  each  pipe  about  a  quart  of  olive  oil, 
which  dissolves  the  obnoxious  Hdvoiuing  matter,  and  carries  it  with  it  to  the 
anrfiwe. 

It  is  obvious  that  in  wines  and  other  fermented  liquors  which  have  not  been 
submitted  to  distillation,  alt  the  soluble  matter  of  the  fruit  is  present  in  the 
beverage.  Other  saccharine  juices  besides  that  of  the  grape,  admit  nf  being  fer- 
mented, and  thus  a  great  variety  of  drinks  may  be  produced.  13eci  and  ale,  for 
example,  consist  of  an  infuskm  of  malt,  flavoured  by  the  aromatic  biUer  of  the 
hop,  and  subsequently  fermented.  The  different  kinds  of  porter  and  stout  are 
prepared  in  much  the  same  way,  and  owe  their  dark  colour  and  peculiar  flavour 
to  the  use  of  high-dried  malt ;  cufcr  is  the  fermented  juice  of  the  apple  .•  perry 
is  a  similar  liquid  obtained  from  tlie  pear  ;  and  nearly  every  fruit  may  be  made 
to  yield  similar  beverages.  Even  savage  nations  evince  a  knowledge  of  this 
fut  The  natives  of  the  islands  in  the  Ftoifie,  when  discovered  by  Cook,  not 
only  knew  how  to  prepare  an  intoxicating  liqnor  from  the  juice  of  the  ooeo*- 
■nt,  but  they  were  accustomed  to  rectify  it  by  a  rude  prooiaa  of  diatillation. 

Since  foreign  matters  are  present  in  all  fermented  liquors,  the  specific  gravi^ 
would,  except  in  special  cases,*  be  no  guide  to  the  ^uanUty  of  spirit  contained  ia 


*  8m  "  Report  on  Original  Gravities"  by  Gnhan,  Hofmann,  and  Bedwood 
{Jouru.  Ciem,  Soc^  v.  229). 
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tt«iB.  A  dvpit  maait  of  oftreomiiig  fbit  dilBoaUj  wm  loeeMtMIy  yiimiASud. 
by  Brande : — Potassio  carbonate  ia  aoliibla  id  water,  but  inaoluble  in  alcohol : 
so  that  when  dry  potassic  carbonate  in  powdor  is  addi'd  to  a  mixture  of  alt>jhol 
And  water  until  it  ceases  to  be  dissolved  on  agitation,  tlie  water  becomes  saturated 
.with  the  salt,  and  the  liquid  t^eparaten  into  two  layers,  the  upper  oi'  which  coo- 
•wti  of  doohol  of  ttp.  gr.  0*825.  »^mpIojing  a  graduated  tabe  ibr  the  cs- 
perinient,  tlie  ToliiiDe  of  alcohol  which  ig  contMDod  in  » known  bnlk  of  an j  wine 
or  liquor  may  be  read  off'  at  once  by  inspection. 

ChristiBon  submitted  different  wines  to  distillntion,  in  order  to  determine 
their  peroentage  of  alcohol;  he  thus  obtained  a  »eriea  of  result^i  the  mo6t  iin> 
.portant  of  whidi  an  emlKNiMd  in  tho  feUowtng  Table.  The  nnrnbem  wpnof  at 
tbe  weight  of  abeolola  aloohol  oontained  in  lOO  parts  of  «adi  variefy  of  wina 
or  brmentad  Uqoor.* 

Port     ,    .    from  14  97  to  17*10 
Dry  Lisbon  16  14 

Madeira    •   firom  14  09  to  16  90 

Sherry  .  .  „    13*98  n  16*17 

Teuerifie  .  13*64 

Shiraz  .  .  12*95 

Malmaey  .  12*86 

(1428)  PaoFYLic  o»  Tritylic  Alcohols:  CjH7.0II  =  6o. — 
.The  only  two  iaomeric  alcohols  of  tbe  oompoutiou  C^U^.OH 
which  accoiding  to  our  present  theoiy  can  exist  haire  been 
obtained,  via. : 

Primary  propylic  alcohol  or  ethylcurbinol  .  .  Clfj.ClIj  CHj.OH  97°'4 
Secondary       «        „       dimethyloarbinol     CU(C11J..0U  82°*8 

The  former  is  ordinarily  termed  propylic,  and  the  latter  isopro- 
•pylic  uleohol.  They  may  also  l)e  distinguished  as  a-  and  /3- 
pro})ylic  alcohols,  and  their  derivatives  as  a-  and  /3- propyl 
derivatives.  No  compounds  capable  of  yielding  propylic  alcohol 
are  produced  naturally,  although  propyl  derivatives,  such  as 
cymcne  or  propylmetliylbenzene,  C^IL.C,.!! ,.CII,^,  and  thymol  or 
propylniethylphenol,  C3H-.CgHjj(0II).CH^,  are  met  with  in  certain 
plants  ;  neither  has  it  been  conclusively  proved  that  isopropyl 
compounds  occur  naturally,  although,  as  already  pointed  out 
(p.  293),  it  is  not  improljable  that  some  few  at  least  of  the 
terpenes  are  isopropyl  derivatives. 

{i^2{))  Primary  Propylic  Alcohol  oTElhylrarbinol:  CgHj.CH,(OH). 
— ^This  alcohol  may  be  prepared  in  a  vai  iety  of  ways :  from  pio- 
pane,  propionic  aldehyde,  propionic  anhydride,  and  propylandne, 


*  Full  information  on  the  mltieotof  wines  may  be  derived  from  Dupc^  and 

Thudicum's  work  on  wines. 


Amontillado  .  I2'63 

Claret.    .    .  from  7*72  to  8*99 

Hambadier  .  7  35 

Kude.sheiroer  .  from  6*90  to  8*40 

Edinburgh  ale  „    5*70  »  6*06 

Beat  London )  _  , 

porter,    l  ^3* 
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by  the  g:cneral  methods  already  described,  but  it  is  most  con- 
veniently obtained  from  the  crude  spirit  resulting  from  the 
fcrmeutatiou  of  saccharine  solutions,  by  the  fractional  distiilatiou 
of  that  portion  which  remains  mfter  separating  the  greater  part  of 
the  ethylic  alcohol.  It  is  especially  abundant  in  the  spirit 
obtained  by  fermenting  cider  (Pierre  and  Puchot,  Ann.  Chem» 
Fkarm.,  ekiii.  253). 

T1i«  complete  teparatioD  of  the  sloohol  firom  its  homologoes  bj  firacHtmal 
4iitiUalion  is  extremely  dilBonlt  however,  if  not  impossible;  so  that,  to  obtain 

thp  pure  alcohol,  it  is  necessary  to  convert  the  fraction  obtained  by  rectification 
into  a  dt'riviitivo  of  hii^^h  boiling  j)oint,  such  as  propylic  benzoate,  by  transforiiiing 
it  first  iabo  iodopropune  or  prupyiic  iodide  by  the  aid  of  hydriodic  acid,  and  then 
into  the  bcnsoate  by  leMting  with  thi*  eompoand  upon  argentie  benioate. 
After  purification  by  fractional  diatillation,  the  propjlie  bensoate  ia  saponified 
with  pota.-'^ic  hydrate,  the  nicohul  dried  over  ignited  potaaeie  OSlboiiato«  and 
foetified;  it  ia  then  finally  diattUed  from  anhjdrooa  baryta. 

(1430)  Pro})ylic  alcohol,  according  to  Liuncmann  {ibid.^ 
clxi.  26),  is  a  colourless  highly  refractive  liquid,  possessing  a 
strong  alcoholic  odour,  of  the  specific  gravity  8066  at  15°  (59^  F.) ; 
it  boils  at  97°'4  (207°'3  F.).  It  burns  uitb  a  smokeless  but 
highly  luminous  flame;  it  is  soluble  in  all  j)r()|)orti()ns  in  water, 
but  may  be  separated  by  the  addition  of  easily  soluljle  salts,  such 
as  calcic  chloride  or  potassic  carbonate  ;  it  ap})cars  to  form  a 
hydrate,  C3H^0  +  (MI,,  which  boils  constantly  at  about  87® 
(188^6  F.)  under  the  ordinary  pressure.  Propylic  alcohol 
exhibits  all  tbe  properties  characteristic  of  ethylic  alcohol;  when 
oxidised  it  ia  converted  firat  into  propionic  aldehyde : 

CH,.CH,.CH,(OH)  +  (0  +  OH  J  =  CH,.CH,.COH  +  aOH^; 

Propylic  aleohoL  Proplonle  aldehyde. 

and  subsequently^  on  further  oxidation^  into  propionic  acid, 

CgHg.cooir. 

Secondary  Propylic  Alcohol  or  Dimethylcarbinol :  CII(CIl3)2.0H. 
-^This  alcohol  has  been  obtained  by  the  application  of  the  various  * 
general  methods  from  propane,  dimetbylketone  or  acetone, 
iaopropjlic  iodide,  pfopylene,  and  iso propylamine  ;  it  it  moat 
readily  prepared  from  isopropylic  iodide  (from  glycerin,  q.T.)  b^f 
digeating  it  with  water  and  plumbic  hydrate  (p.  413). 

Like  ethylio  aloobol,  isopropylie  aloohol  combines  with  calcic  cUoride^  and 
by  the  aid  of  thia  eompoand  may  be  purified  from  auoh  aubataneea  as  acrtono. 

For  this  pnrpofte,  the  impure  anhydrous  alcohol  \a  mixed  frith  finely-powdered 
anhydrous  calcic  cliloride,  so  as  to  forin  a  thick  paste:  fomhinalion  occiirn  with 
development  of  heat,  and  the  masn  becomes*  so'id  ;  it  is  then  r;';>i(ily  pulveri/.ed, 
and  exposed  over  sulphuric  acid  in  vacuo,  until  only  a  dry  powder  remaioH,  from 
which  the  aloohol  is  sepaiated  by  the  addition  of  water  and  diatiUatioB,  Ux 
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IsopropjHc  alodliol  liaa  ft  gnak  aftlnetkm  ibr  miter,  and  apfMom  to  ftm  wewmi 
hydntes,  one  of  whteh,  3C,H,0  -f-  OH,,  bti  the  sune  peremtage  eoBipositioii 
•ad  aboat  tli*'  .^:iino  Ix  iling  puint  as  ethjlic  alcohol :  the  water  cannot  he  M.>pa- 
rntod  from  this  liytlrate  by  anhydrouB  cnpric  sulphate,  and  in  order  to  dry  the 
alcohol  it  must  bf  dii^ciitcd  with  anliydrous  pota»iiic  carhonate,  and  afterwards 
vith  ignited  baryta  in  closed  vefibelti,  at  the  temperature  of  boiling  water 
(Erlemneyer*  t&t<l.  aan.  308  ;  Linnemann,  ibid.  exxxrL  38  ;  clxi.  49). 

Isoproj)ylic  alcohol  is  a  colourless  mobile  liquid,  possessing 
a  faint  alcoholic  odour,  soluble  in  all  projjortious  in  water ;  it 
boils  at  82''-8  (t8i°-2  h\),  and  at  16°  (6o°-8  F.)  has  the  specific 
gravity  787.    Oa  oxidation  it  is  converted  into  acetone : 

CH,.CH(OH).CH,  +  (O  +  OH3)  =  CHj.CO.CH,  -1-  aOII^; 

ItOftropyKe  aleohol.  AoetoiML 

which,  on  fnrtlior  oxidation,  yields  acetic  and  formic  acids.  On 
treatment  with  bromine,  isopropylic  alcohol  furnishes  isopropylic 
bromide  and  brouiinated  derivatives  of  acetone  (Friedel)  ;  the 
first  action  is  probably  similar  to  that  of  bromine  on  ethylic 
alcohol,  and  consists  in  the  formation  of  the  brominated 
alcohol : 

Cll3.CIl(0U).CH3  +  Br,  =  CHg.CBr(OH).CH,  +  HBr, 

which  at  once  splits  np  into  acetone  and  hydrobromic  add ;  fhe 
former  is  converted  into  brominated  derivatives,  and  by  the  action 
of  the  latter  on  unattached  alcohol  isopropylic  bromide  is  formed. 
The  action  of  the  halogens  on  propylic  alcohol  has  not  been 
examined. 

The  propyl  and  isopropyl  compounds  difl'cr  remarkably  iu 
their  properties  :  the  latter  always  having  lower  boilinj^  points, 
and  being  less  stalile  than  the  former.  The  behaviour  of  the 
isomeric  propylic  bcnzoatcs,  CgHj.COOCJL,  affords  a  striking 
illustration  of  this  :  propylic  benzoate  distilling  unchanged  at 
225*^  (4^7°  F.),  whereas  isopropylic  benzoate  is  entire  ly  resolved, 
into  propylene  and  benzoic  acid  ou  distillation  (Linnemaun). 
Similarly,  isopropylic  iodide  is  rapidly  decomposed  by  zinc  alone 
at  its  boiling  point,  whilst  propylic  iodide  is  decomposed  very 
slowly  at  its  higher  boiling  point ;  the  former  is  decomposed  by 
the  copper-zinc  couple  at  about  50°  (122^  F,),  about  one-half 
being  split  up  into  permanent  gases  (propane  and  propylene), 
and  the  latter  at  alxjut  80^  (i/^^  F')t  but  little  permanent  gas 
being  obtained.  In  the  presence  of  water  or  alcohol,  propylic 
iodide  is  decomposed  by  the  copper-zinc  couple  much  less  rapidly 
than  is  isopropylic  iodide,  the  gas  evolved  being  pure  propane  in 
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the  former  case,  but  propane  mixed  with  propylene  iu  the  latter 
(Gladstone  and  Tribe,  Journ.  Chem.  Soc,  xxvi.  961). 

Propylic  may  be  converted  into  isopropylic  alcoliol  by  trans- 
forming it  in  anccessiou  into  propylic  iodide  and  propylene,  com- 
bining the  latter  with  sulphuric  acid,  and  distilling  the  resulting 
hydric  isopropylic  sulphate  with  water;  on  the  other  hand,  we 
may  convert  isopropylic  into  propylic  alcohol  by  preparing  from 
it  the  iodide,  submitting  this  to  the  action  of  nascent  hydrogen, 
and  converting  the  propane  thus  formed  into  alcohols  by  the 
method  described  on  p.  408.  Linnemann  has  stated  that  when 
a  solution  of  propylamiDe  nitrite  is  decomposed  by  beat,  only 
isoprc^ylic  alcohol  is  o!)taiiicd,  but  the  recent  experiments  of 
Meyer  and  fonter  [Deal,  chem,  Ge$,  Ber.,  ix.  535)  tend  to  show- 
that  in  this  reaction  the  direct  conversion  of  the  propyl  into  the 
iaopropyl  compoand,  which  was  supposed  by  Linnemann  to  take 
place^  does  not  occur.  Thus  they  find  that  the  akM>hol  firom 
iaopn^lamine  nitrite  is  pore  isopropylic  alcohol : 

CH(CH,)3.NH,(N0j)  =  CII(CII,),.OII  +  N,  +  OH,; 

IsopropjrUmioe  aitrits.  laopropjrlic  alcohol. 

but  a  portion  of  the  isopropjlamine  escapes  decomposition,  and 
a  portion  of  the  compound  furnishes  propylene : 

CH(CH,)3.NH,(N0J  =  CHj.CHzrCH,  +  N,  +  2OH,, 

so  that  only  a  small  amount  of  alcohol  is  produced.  The  alcohol 
from  propylamine  nitrite  is  a  mixture  of  the  two  isomeric  alco- 
hols, containing  about  55—60  per  cent,  of  isopropylic  alcohol ;  a 
portion  of  the  propylamine  escapes  decomposition  and  a  consider- 
able amount  of  propylene  is  evolved.  In  order  to  explain  the 
formation  of  the  iso-alcohd,  Meyer  and  Forster  suppose  that 
part  of  the  nitrite  is  normally  converted  into  the  corresponding 
alcohol : 

CH,.CHj.CIl,.NIl3(N0j)  =  CH,.CHj,.CH,.OH  +  -I-  OH,, 
another  portion  yielding  propylene : 

CH,.CHyCH,.NH,(NOJ  =s  CH^.CH— CH,  +       +  aOH,;; 

and  that  part  of  the  propylene  so  formed  combines,  whilst  in  tlie 
nascent  state,  with  water,  producing  isopropylic  alcohol  :* 

CHyCH— CH,  +  OH,  =  CH,.CliCOH).CH,. 


*  A  nmOar  szpUnation  may  b«  given  of  the  conrcriioo  of  propylene  bromide 
isto  Sfl0toiis»  obsmed  by  Tiinnsmsnn  (Atm,  OiMi»  PktKrm,,  clsi  59),  whiib 
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(1431)  BoTTLic  OR  TtTftTLic  Alcohou  :  C4H,.0H=574.— • 
The  fbur  possible  butylic  alcohols  of  the  fonmila  C^U^.OU  are 
known  to  us — viz. : 

B.P. '  c 

Normal  primtlj  or  a-propy lea rbinol     .    ClI^.CTI^.Cir.CIT  .OII  117^ 
Isoprinifiry  „  jS-propylcmbinol     .     ('!I(C'H  J,A'Hj.<  >1I  108  -4 

Secondary  „  ethyliirfthylcarbinol    C,n^.CII(VlI,).Oti  99° 

Tertiary  „  trimethylcarbiuol  .    C(CHJ^0H  Sa'  s 

Butyl  compounds  are  not  known  to  occur  naturally^  and  with  the 
exception  of  isoprimary  butylic  alcohol,  which  is  produced  in  tlie 
fermentation  of  saccliarine  liquids,  these  alcohols  can  only  bo 
obtained  by  artificial  methods. 

(1452)  Normal  Primary  or  a-BuiyUe  AkoM  or  n-PropjfU 
earbinol:  CjH^'.CHjCOH)  or  CH,.CHj,.CH,.CH,(OH).  —  This 
alcohol  has  been  prepared  from  butyric  aldehyde,  butyric  chloride, 
and  butyric  anhydride  by  the  ordinary  methods  (Lieben  and 
Rossi,  ibid.,  clriiL  137 ;  lannemann,  cLd.  178]  Saytseff,  Jomm, 
pr»  Chem.  fa],  iii.  82).  It  is  a  colourless,  highly  refractiTe liquid, 
possessing  a  powerful  characteristic  odour,  and  bums  with  a 
highly  luminous  flame ;  its  vapour  excites  coughing.  It  boils 
at  ii6*'-9— 117°  (242°-4— 242°'6  P.),  and  at  (32**  P.)  baa  the 
specific  gravity  '824.  It  does  not  solidify  at  —22^  (~7^'^  P*)- 
It  does  not  mix  with  water  in  all  pruportious,  but  requures  twelve 
times  its  bulk  at  15°  (59°  F.)-to  dissolve  it.  On  oxidation,  it  is 
converted  into  butyric  aldehyde,  CH,.CHg.CHg.COH,  and  butyric 
acid,  CH3.CH,.CH,.COOH. 

(1433)  J^(^P''if'i('f'y  or  ip-Buiylic  Alcohol,  Iso-  or  ^-Propylcar- 
binol:  CUI/.OII  or  ClI(CIl,)...CIIj(OII).— This  altohul  is  always 
prepared  by  fractional  distillation  of  fusel  oil,  but  it  has  been 
obtained  from  isobutyric  aldehyde  by  the  action  of  nasceut 
hydro<;oii,  and  from  isobutylcue,  (CH^)^C~CH3,  by  combining  it 
with  hypoehlorous  acid  and  reducing  the  resulting  com|Kiiind 
with  nasceut  hydrogen.  It  closely  resembles  the  normal  primary 
alcohol,  but  boils  at  108%  (227°  !  F.),  and  at  18^  (64''-4  F.) 
has  the  specihc  gravity  '800  (the  specific  gravity  of  the  normal 


appsnntly  is  sa  abnonnsl  reaetion,  involvHig  intrsmoleoolsr  change ;  it  may  lit 
MHpoiad  that  a  bromopnopyleas  is  fint  figmied : 

CH,.CHBr.CH,Br  «  CH,.CBr— CH,  +  HBr, 

and  that  this  combineH  with  water,  the  resulting  compoaad,  ixowever,  being  At 
ODOe  split  up  into  acetone  and  hydrubroiuic  acid  : 

CH,.CBrr:CH,  +  HOH  =  ClI,.CBr(OH).CH^ 
Cli,.CBr(OU}.GH,  «  CH,.GaCH.  •¥  HBr. 
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alcohol  at  20°  (68**  F.)  is  8 10) ;  it  dissofv  cs  in  about  ten  times  its 
bulk  of  water  at  15°  (59^  F.).  Isobutylic  alcohol,  as  this 
alcohol  18  ordinarily  termed,  furnishes  isobutyric  aldehyde, 
CH(CII..),^.COH,  and  isobutyric  acid  on  oxidation. 

(1434)  Secondary  or  y-Rutylic  Alcohol  or  Ethylnnfihylcarhinol : 
CjH5.CH(Cn  j),OH. — This  alcohol  is  usually  prepared  from 
secondary  butylic  iodide  or  -y-iodotctrane,  CHj.CH^.CIIl.CH,, 
which  may  be  produced  in  a  variety  of  ways  :  from  erythrite, 
from  the  dichlorinated  ethers  (p.  411,  and  Licben,  Ann.  Chein. 
Pharm.f  cl.  87),  and  by  combining  a-butylene  with  hydriodic 
acid.  The  alcohol  has  also  been  produced  by  the  action  of 
nascent  hydrogen  on  ethylmethylketone,  CjHg.CO.CHg,  aud  by 
the  action  of  aincic  methide  on  ethylic  formate  (p.  41  \  or  oi 
zincic  ethide  on  ordinary  aldehyde  (Wagner,  Ann.  Chem.  Pharm., 
clxxzi.  261),  the  product  being  subsequently  treated  with  water. 
This  last  reaction  probably  takes  place  io  Uie  manner  indicated 
bj  the  following  equations : 

CfH,.OOH.+  Zn(C.Hj.  =  CH..Ch[^;^^  ^  ; 
Alddiydt.        Bnde  elhtdA.  '  * 

CH^ChJ^I^^  H      ^^^«  =  CH,.CII(OH).CA  +  Zd(OH),  +  C,H.. 
*  *  |ftflffhlfc|lMnMiioL 

It  is  of  especial  interest  as  it  serves  to  confirm  the  second 
explanation  given  on  p.  41a  of  the  manner  in  which  the  tertiarj 
alcohols  are  formed  from  the  acid  chlorides  and  nnc  organo- 
metallic  compound. 

Secondary  butylic  alcohol  is  a  colourless  liquid,  possessing 
a  plessant  alcoholic  odour,  and  difficultly  soluble  in  water ;  it  boils 
at  about  99**  (210°* 2  P.),  and  has  the  specific  gravity  '827  at 
(32**  F.),  and  '81  at  22°  (7i°-6  F.)  (Lieben).    On  oxidation  it 
furnishes  ethylmethylketone  : 

C,H,.CH(OH).CH,  +  (0+OU,)  =  C,Hc.CO.CH,  + 

when  further  oxidized  this  ketone  yields  acetic  acid  onlv. 

(1435)  Tertiary  or  0- Butylic  Alcohol  or  Trimethylcarbinol : 
C(CH,^)3.0H. — This  alcohol  is  prepared  by  the  action  of  zincic 
methide  on  acetic  chloride,  aud  subsequent  treatment  of  the  pro- 
duct with  water  (p.  412);  or  by  combining  the  so  called  isobuty- 
lene,  C(CH^)-,zzCH2  with  sulphuric  acid,  and  distilling  the  re- 
snlting  compound  with  water. 

At  ordinary  temperatures  trimethylcarbinol  forms  colourless 
prismatic  crystals,  which  melt  at  25°  (77°  F.) ;  the  liquid  alco- 
hol is  an  oily  finid  of  peculiar  odour,  and  bums  with  a  smok^f 


Digitized  by  Google 


440 


BUTYLIC  ALCOHOLS. 


flame.  It  boils  at  82*»-5  iiSo^'  s  F.),  and  at  30°  (86''  F.)  lias  the 
specific  gravity  7788  (Bntlerow).  It  is  soluble  in  all  propor- 
tions in  water,  and  forms  with  it  a  liquid  bydrate,  iC^H^O+OHy 
wbicb  crystallizes  l>elow  (32''  F.)  On  account  of  Uie  attrac- 
tion wbich  trimethylcarbinol  has  for  water,  it  is  extremely  diffi- 
cult to  completely  dry  it,  and  the  same  remark  applies  to  the 
isomeric  alcohols ;  the  last  traces  of  water  arc  best  separated  by 
digestion  with  ignited  baryta.  On  oxidation,  tertiary  butylic 
alcohol  furnishes  a  mixture  of  isobutyric  and  acetic  acids,  acetone, 
isobutylcnc  and  curlionic  anhydride  (Butlcrow,  Zeils.  Chein.  [2], 
vii.  484)  ;  probably  its  normal  oxidatiou  products  are  acetoue 
and  formic  acid  : 

C(CH,)yOH  +  3(0  +OHJ  =  00(CHJ,  +  H.COOH  +  4OH,; 

THBMttiylMHrblnoL  AotUn*.  VoraieMld. 

and  from  these  compounds  respectively  acetic  acid  and  carbonic 
anhydride  are  formed  by  further  oxidation.  The  isobutylene  maj 
be  regarded  as  tlie  product  of  a  secondary  rcactioQ^  whereby  the 
alcohol  is  resolved  into  the  olefine  and  water : 

C(CH,),.OH  =  OH,  +  (CHJ^CZICH,; 

and  wbicb  is  probably  tbe  result  of  the  dehydrating  action  ezer- 
eised  by  the  sulphuric  acid  present  in  the  oxidizing  mixture. 
The  formation  of  isobutyric  acid  may  be  explained  hj  tbe  as- 
sumption that  a  portion  of  the  isobutylene  thus  fonned  combines 
with  water  producing  isobutylic  alcohol,  which  is  then  oxidited 
to  isobutyiie  acid.  The  amount  of  isobutylene  and  isobutyric 
acid  produced  is  reUtively  very  small,  and  their  formation  is  by 
no  means  surprising,  since  trimethylcarbinol  is  very  easily  resolTed 
into  the  define  and  water,  and  isobutylene  readily  combines  with 
water  under  the  influence  of  acids ;  the  only  otgection  to  this 
explanation  is  that  whenever  isobutylene  enters  into  oombiuft- 
tion  with  other  substances,  such  as  the  haloid  acids  and  8iil> 
pburic  acid,  for  example,  it  always  furnishes  comi>ounds  capa- 
ble of  yielding  tertiary  butylic  alcohol,  but  it  cannot  be  said 
that  this  must  be  the  case  under  all  conditions,  as  the  circum- 
stances under  which  experiments  have  hitherto  been  made  are 
very  similar. 

When  chlorine  is  passed  into  trimethylcarbinol,  at  a  gentle 
heat,  until  no  further  action  takes  place,  it  is  chiefly  con- 
verted into  a  body  having  the  composition  of  a  pentachloro- 
butylene,  C^IIgCl.  {Deut.  chem.  Ges.  Ber.,  \iii.  1017);  it  is 
probable,  therefore^,  that  chlorinated  derivatives  of  the  alcohol 
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aie  formed  irbich  deoompoae  into  water  and  cblormated  deri- 
▼atives  of  iaobatyleiie.  The  action  of  the  halogens  on  the  iao- 
meric  alcohols  has  not  been  examined. 

The  stability  of  the  isomeric  bntylic  alcohols  appears  to  vary 

directly  as  their  boiling  points,  and  to  diminish  as  the  boiling  point 
diminishes  ;  the  same  being  true  of  their  derivatives.  Thus  the 
elements  of  water  are  very  readily  abstracted  from  the  tertiary 
alcohol  by  the  action  of  deliydrating  a'rcnts,  but  less  readily 
from  the  secondary  and  isoprimary  alcohols,  and  by  no  means 
readily  from  the  primary  alcohol.  In  a  similar  manner, olefiues  are 
formed  from  the  haloid  paraffin  derivatives  corresponding  to  these 
alcohols  by  the  withdrawal  of  the  elements  of  a  molecule  of  haloid 
acid,  and  they  are  converted  into  the  alcohols  by  treatment  with 
moist  silver  oxide,  or  by  heating  with  water,  with  increasing 
facility,  as  we  pass  from  the  primary  to  the  isoprimary,  and  thence 
to  the  secondary  and  tertiary  derivative  :  tertiary  butviic  chloride, 
for  example^  is  readily  converted  into  trimethylcarbinol  by  heating 
with  water  to  loo*^  (212^  F,),  whilst  the  primary  chloride  is  bat 
little  affected. 

Many  reactions  are  known  by  which  the  isomeric  butylic 
alcohols  may  be  more  or  less  directly  converted  into  each  othw. 
Thus  the  butyleue  obtained  from  the  iodide  formed  from  normal 
primary  butylic  alcohol  unites  with  hydriodic  acid  to  form 
•econdaiy  bntylic  iodide : 

CH3.CH2.CH,.CH,I  -  HI  =  CHj.CHj.CHlzCH,; 

a- 1  odotetrane.  «»Biit7lene. 

CH,.CH,.CH— CH,  +  Hi  =  CH,.CH3.CHI.CH,. 

In  the  same  way  isobntylic  aloobol  may  be  converted  into  tertiary 
bn^lic  iodide : 

(CH,)jCH.CH,I  -  HI  =  (CH^jfiZZCU^i 


(CH3),c:z:CH,  +  hi  =  ci(ch,),. 

Y-BatyleiM.  {•lodotetnui*. 

On  the  other  hand,  by  combining  the  butylene  from  tcrtiaiy 
bntylic  alcohol  with  hypochlorous  acid,  a  chlorinated  alcohol  con- 
Tcrtible  into  isobntylic  aleohoi  by  the  action  of  reducing  agenta 
is  produced : 

C(CH,),I  -  HI  =  (CH,),Cz:CH,; 


(CH,),CZZCH,  +  CLOH  =  (CH,),CCa.CHyOH. 
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In  iheie  instances  the  isomeric  chanjT^o  may  be  traced  throiifch  its 
▼anons  stages  and  readily  accounted  ior,  but  tliis  is  not  always 
the  case.  Thus,  according  to  Linnemann  {Afin.  Chun.  Pharm., 
clxii.  3),  the  nitrite  of  normal  butylamine,  when  decomposed  by 
distillinjj^  its  aqueous  solutiou,  docs  not  furuish  normal  but 
tsroprimary  but)'lic  alcohol : 

CH,.CH,.CH,.CHj^NH,(NO),  =  CH(CH,VCH,.OH+N,+OH,; 

VttmdiMtylMBliMiilWto.  Iwqniutcr  balyUealeolMa. 

and  in  a  similar  manner,  wobutylamine  nitrite  yields  tertiary 
butyiic  alcohol  {jkUd,  %i) : 

CH(CHJ,.CH,.NH,(NO^  =  C(CHJ,.OH  +       +  OH,. 

laoprinuury  batjlamlae  Bltrtt*.  Tntlary  bn^He  ■leohoL 

Since  Meyer  and  Forster  have  shown,  however,  that  a  similar 
statemeut  by  Linnemann  with  regard  to  the  decomposition  of 
proj)ylaniine  nitrite  is  inaccurate,  some  doubt  may  be  felt  as  to 
the  extent  to  wliich  tliese  results  are  reliable.  Supposing,  how- 
ever, that  the  reactions  which  take  place  are  similar  to  those 
which  Meyer  and  Forster  regard  as  probable  in  the  case  of  the 
conversion  of  normal  propylamine  into  isopropylic  alcohol  (p.  437), 
the  formation  of  the  tertiary  butylic  alcohol  from  isoj)rimary 
butylamine  does  not  appear  improbable ;  but  their  explanation 
would  scarcely  apply  to  the  conversion  of  the  normal  amine  into 
the  iioprimary  alcohol,  since  the  butylene  from  nonnal  butyl 
compounds  combines  with  other  compounds  to  form  secondary 
and  not  iioprimary  derivatiyes.  It  cannot^  in  fact^  without  under- 
going isomeric  change,  furnish  secondary  butylic  compoundty  as 
will  be  evident  on  inspection  of  the  following  formulas : 

•     CII,.CH2.CH,.CH2.X  -  HX  =  CH,.CIL.CHziCH^; 

Normal  butyl  compound.  a-CutYli'tif. 

CHyCHyCH    CHj  -)»  HX  =  CHg*CHyCU.X.CUy 

(CH3)jCH.CHgX. 

iMpvimvy  batyl  d«rlvatlT«. 

According  to  Linnemann,  when  a  mixture  of  isoprimary 
butylic  iodide  with  glacial  acetic  acid  is  added  to  argentic  or 
mercuric  oxide,  action  takes  place  at  ordinary  temperatures,  which 
is  completed  by  warming  on  the  water  bath,  and  a  mixture  of 
tertiary  butylic  alcohol  and  tertiary  butylic  acetate  is  produced, 
and  sonae  isobutylene  is  evolved,  together  with  a  small  quantity 
of  gas  not  absorbed  by  bromine  (/oc.  cU,,  14),  and  he  recom- 
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mends  this  process  for  the  preparation  of  the  alcoliol ;  but 
Butlcrow  states  {ibid,  clxviii,  143)  tliat  the  alcohol  produced  by 
this  methwl  is  a  mixture  of  about  equal  parts  of  isoprimary  and 
tertiary  butylic  alcohol.  The  formation  of  the  tertiary  alcohol 
in  this  manner  may  be  explained  by  supposing  that  the  iso- 
primary iodide  is  conyerted  by  the  action  of  the  argentic  oxide 
into  isobutylene,  which  combinet  with  the  acetic  acid^  fomiing 
tertiary  butylic  acetate : 

(CH3),C— dig  +  IICJT.Og  =  (CIl3),C.qH,02. 

■jr-But)U'uc.  Acttic  Teriiikiy  butylic  acetate. 

Isobutylic  bromide  similarly  treated  with  mercuric  oxide  also 
yields  some  trimethylcarbiuol,  but  does  not  enter  into  reaction 
with  argentic  oxide ;  isobutylic  chloride  dissolved  in  acetic  add 
is  acaroely  acted  upon  by  either  of  these  oxides. 

It  is  stated  that  wlien  well  cooled  isobutylic  iodide  and 

* 

iodine  chloride  are  carefully  mixed  together,  the  former  is  con- 
Terted  into  tertiary  butylic  chloride  (Linnemann»  loe.  eit.) : 

(CH,)_,CH.Cn,T  +  ICl  =  (CH,),CC1  +  I,. 

Iiepiimarjr  batjUo  iodide.  Tartiafj  batjUo  ehiodd*. 

At  present  it  appears  to  be  impossible  to  give  any  satisfkctory 
explanation  of  thia  remarkable  reaction. 

Again,  Freund  has  shown  (Joum.  pr,  Chem,  [i],  xii.  2$), 
that  when  isoprimary  butylic  alcohol  is  mixed  with  a  considerable 
excess  of  hydrochloric,  hydrobromic,  or  hydriodic  add,  the  alcohol 
being  also  saturated  with  the  gaseous  add,  and  the  mixture 
heated  for  several  hours  in  closed  vessels  to  loo^  (sia^  F.),  the 
resulting  chloride,  biomide,  or  iodide  is  a  mixture  oi  the 
isoprimary  with  a  very  considerable  proportion — as  much  as 
35  per  cent,  in  the  case  of  the  chloride— of  the  tertiary  com- 
pound,* and  since  the  tertiary  haloid  butyl  compounds  are 
readily  converted  into  the  alcohol  by  heating  with  water  at 
100°  (212°  F.),  whilst  the  isoprimary  compounds  are  but  little 
acted  upon,  this  reaction  allords  a  ready  meaus  of  preparing  con- 
siderable (quantities  of  trimethylcarbiuol.    It  may  be  suppoiicd. 


*  Fraond's  sxperinMiita  show  thst  the  greatest  oaation  mmi  be  exprcised  in 
judging  of  the  eoD«titution  of  oouipoundst  from  the  behaviour  of  derivatives 
formed  from  them,  even  by  the  nimplest  reaction!!.  They  also  hfiurd  an  explanation 
of  the  supposed  oocarrence  of  trimethyloarbinol  in  fuxel  oil  (Butleruw,  Ann. 
Chem.  Pkarm.f  cxliv.  34),  sinoe  it  was  delated  wad  separated  by  oooTerting 
liKiiwBtstioii  ba^ylie  alsohol  iato  tbs  cbloads^  snd^histing  ths  Isttsr  with 
wate^^ 


r 
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in  explanation  of  the  convenion;  that  the  isobatylic  alcohol,  or 
the  haloid  paraffin  fonned  from  it  in  presence  of  the  atroog 
acid^  is  resolved  into  isobntylene  and  water  or  haloid  ucad,  and 
that  the  isobutylene  then  combines  with  the  haloid  add  to  fom 
the  tertiary  derivative ;  it  is  remarkable,  however,  that  when  the 
alcohol  is  merely  saturated  with  the  gaseous  acid,  and  the 
mixture  heated^  little,  if  any,  of  the  tertiary  compound  ia 
produced. 

lastly,  it  may  be  pointed  out  that  isobutylene  bromide  is 
said  to  be  converted  into  isobutylic  aldehyde  by  heating  with 
10 — 20  times  its  volume  of  water  to  150° — 160°  {302° — 320°  ¥.) 
for  24  Lours  (Liunenumn  and  Zotta,  he.  eit.,  p.  33),  and  pro- 
bably also  a-butylene  bromide  may  in  a  similar  manner  be  con- 
verted into  ethylmethylketone  (Linnemann,  ibid.,  p.  3).  The 
formation  of  these  c(mi])()un(ls  may  be  rcgard(;d  as  the  final  result 
of  a  series  of  changes  similar  to  those  which  in  all  probalMlity 
occur  in  the  conversion  of  propylene  bromide  into  acetone 
(P-  437)^  ^ud  in  which,  perhapa>  the  following  compounds  are 
successively  produced : 

(CHj,CBr.CH.Blfj(CH,),CilCHBrj  (CH,),CHjCHBr(OII) ;  (CH,),CH.OOH. 


C,H,.OHBr.CH,Br;  C,H,.CBiCrCH, ;  C.H,.CBr(OH).CII,  f  C,H,.CO.CH^ 


Tlie  investigation  of  these  cases  of  isomeric  change  is  of  very 
great  interest ;  and  it  will  be  obvious  that  whilst  many  of  them 
may  be  explained  as  the  result  of  a  series  of  changes,  others  can- 
not, at  least  at  pres(Mit.  be  so  explained,  but  must  be  regarded  as 
the  direct  result  of  iiUrajiwlecuLar  change,  in  which  there  is  no 
splitting  off"  and  recombination  of  elements,  but  a  rearrangement 
of  the  atoms  in  the  molecule.  Many  chemists  are  disinclined  to 
believe  in  the  occurrence  of  changes  of  the  latter  kind,  so  that 
the  LuvestigatioQ  of  the  nature  of  the^e  reactions  is  of  the  highest 
importance  as  a  step  towards  the  explanation  of  isomeric  change. 

(1436)  Amylic  or  Pentylic  Alcohols* — Although  seven  of 
the  eight  possible  amylic  alcohols  have  already  been  obtained^ 
moat  of  them  have  been  but  very  insufficiently  investigated : 

B  P. »  C. 

(  Butylcarl.Jnnl     ....  CTT3.CH^.CH,.CH..CH,.QH  137° 

Primarjr      Lwbutykarbiiiol     .    .    .  CH(^  H,)„.CH,.CH,.OH  131^ 

( Seoondarjr'btttylcarbinol    .  C,H,.CH(CH,).CH,.OH  128" 

i  PtofiyliMthyloarbinoi  .    .  C,H,«.CH(UH,).OH  iao« 

SeooadMy/ Diethykarbinol  .    .    .    .  C,H,.CH(C,H J.OH  117* 

(  Isopropylmethylcarbiuol   .  C,H,^  .('H(CHJ.OH  104'* 

Tertiary     Jjlthjldimeth^loiirbiool .    .  C,H^.<J(CiiJg>Oii  10a* 
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These,  with  the  exception  of  the  two  isoprimary  alcohols,  have 
only  been  obtained  by  synthetical  methods  (Wagner  and  Sajtzeff, 
Atm.  Chem.  Pharm,,  clxxv.  332). 

(1437)  Normal  Priman/  Amylic  Alcohol  or  Buttflcarbinol : 
C,H/.C1I,(0H)  or  CH,.CH,.CH,.Cll3.CH„(0H).— Tlie  puie  al- 
cohol  has  been  prepared  by  the  action  of  nascent  hydrogen  on 
normal  valeric  aldehyde  (Laeben  and  Roeai^  Atm.  Chem.  Pharm,, 
clix.  70) ;  a  mixture  of  normal  primary  and  of  secondary 
amylic  alcohol  is  obtained  by  the  conversion  into  alcohols  of  the 
mixture  of  chloropentanes  formed  on  chlorinating  normal  pentane 
(Schorlemmer,  ibid.,  clxi.  268). 

It  is  a  colourless  liquid,  resembling  the  fermentation  alcohol 
in  odour  and  other  properties ;  it  boils  at  137**  {2791^-6  P.),  and  at 
o<»  (3a*>  F.)  haa  the  sp^iific  gnmty  -8296.  It  is  converted  into 
normal  valeric  acid,  C^H/.COOH  on  oxidation. 

(1438)  Iwprmary  AmyHe  Aleohoh.  hobufyUtarMnol : 
C^H,^CH,(OH)  or  CH(CH3),.CH,.CH,(0H).  Seeandary-buiyl- 
€arUmol:  C^H,».CH,(OH)  or  C,H,.cfl(Ciy.CH,(OH).-- The 
chief  constituent  of  fiuei  oil,  or  the  portion  of  higher  boiling 
pcnnt  frhich  remains  after  the  separation  of  the  greater  part  of  the 
cthylic  alcohol  fiom  the  erode  spirit  produced  by  fermentation, 
is  a  mixture  of  these  two  alcohols.  Their  complete  separation  is 
▼6iy  difficulty  however,  and  cannot  be  effected  by  distillation ; 
but  they  are  readily  distinguished,  since  one  of  them  is  optically 
inactive,  whilst  the  other  (secondary-butylcarbinol)  turns  the 
plane  of  polarization  of  a  ray  of  light  to  the  left,  a  ])roperty  by 
which  it  is  distinguished  from  all  other  known  alcohols. 

The  method  by  which  the  two  alcoliols  were  originally 
separated  by  Pasteur  in  1855,  rather  by  which  the  existence 
of  two  isomeric  alcohols  in  fusel  oil  was  first  demonstrated, 
consists  in  acting  upon  the  mixture  with  concentrated  sulphuric 
acid,  neutralizing  with  baric  carbonate,  and  fractionally  crys- 
tallizing the  resulting  mixture  of  baric  amylic  sulphates;  the 
product  from  the  active  alcohol  Ijcing  considerably  more  soluble 
than  the  corresponding  inactive  derivative,  the  two  salts  may 
thus  be  separated,  and  the  alcohols  obtained  from  them  by  dis* 
tillatiou  With  dilute  sulphuric  acid: 

(C,H„.SOJ,Ba  +  2OH,  =  2C,H„.0H  +  BaSO^  +  H^O.. 

Birle  aoajlie  solphate.  AmjUc  alcuhol. 

For  this  purpose  the  portion  of  fusel  oil  is  employed,  which 
after  repeated  distillation,  boils  at  about  1 29°  F.) ;  it  is 

mixed  with  about  an  equal  weight  of  sulphuric  add,  the  latter 
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being  gradually  added  to  the  alcoliol^  and  the  mixture  allowed  to 
stand  in  a  warm  ])laee  for  sevt^ral  days  before  it  is  added  to 
water  and  the  solution  neutralized.  When  fusel  oil  containing 
a  large  proportion  of  the  iuaetive  modifieation  is  employed,  it  is 
possible  to  isolate  it  in  a  state  of  purity  ;  but  the  method  does 
not  appear  to  be  applieable  to  the  preparation  of  the  active  modifi- 
entiou  in  a  state  of  purity,  since  the  statements  of  various  observers 
as  to  the  rotatory  power  of  the  alcohol  are  most  discrepant  (Ley, 
Dettt.  chem.  Ges.  Btr.,  vi.  1362) ;  and  even  to  obtain  it  approxi- 
mately pure  involves  the  expenditure  of  a  large  amount  of  mateiial 
and  much  time  and  labour. 

From  Le  Bel's  experiments  [ibid.,  vi.  13 14 ;  vii.  824 ;  ix.  732) 
it  appears,  bowever,  that  different  acids  behave  difierently  miik 
tbe  two  alcobols :  the  inactive  alcohol  having  a  greater  tendency 
to  enter  into  reaction  with  hydrochloric,  hydriodic,  and  tartaric 
acids,  whilst  the  active  alcohol  appears  more  readily  to  enter 
into  reaction  with  sulphnric  and  valeric  adds  than  the  inactiTC 
alcohol.  On  this  Le  Bel  founds  a  method  for  the  preparation  of 
the  active  alcohol,  which  consists  in  saturating  l^e  mixture  of 
alcohols  with  hydrochloric  add  gas,  and  then  heating  to  100^ 
^212^  F.),  whereby  the  inactive  alcohol  is  converted  into  amylie 
chloride,  the  active  alcohol  remaining  for  the  most  part  unattached ; 
the  chloride  and  alcohol  are  then  separated  by  distillation,  and 
the  latter  again  similarly  treated,  until,  in  fact,,  the  optiod 
acting  is  no  longer  increased. 

The  inactive  alcohol  boils  at  about  131^  (267°  8  F.),  and  the 
active  at  about  128*^  (269^*4  F.),  and  the  latter  has  a  slightly 
lower  specific  gravity  than  the  former  (Ley).  The  rotatory 
power  of  the  most  active  alcohol  yet  prepared  by  Pasteur's 
method  was  46*^,  in  a  column  500  mm.  long,  which  is  equal  to 
that  of  a  solution  of  cane  sugar  containing  4*7  grams  of  sugar  to 
100  of  water  (Ley).  According  to  Le  Bel,  the  alcohol  which  he 
separated  by  his  method  had  a  rotatory  power  of  4°  38'  in  a 
column  100  mm.  long,  but  as  he  does  not  state  what  instrument 
was  employed,  this  number  cannot  be  compared  with  that  given 
by  Ley,  who  used  a  Solcil-Veutzke  iiistrunient. 

Both  are  colourless  liquids  possessing  a  peculiar  penetrating 
unpleasant  odour  and  burning  taste,  and  are  nearly  insoluble  in 
water;  their  vapours  excite  conghing.  !Most  of  the  statements 
in  the  text  books  with  regard  to  the  reactions  of  amylic  alcohol 
refer  to  the  behaviour  of  the  mixture  of  alcoliols  from  fusel  oil, 
which  is  ordinarily  spoken  of  as  amylic  alcohol   in  fact,  scavo^ 
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any  of  the  derivatives  of  these  alcohols  have  beeu  obtained  in  a 
state  of  purity. 

On  oxidation,   both    furnish  in  the  first  instance  valeric 
aldehydes,  which,  on  further  oxidation,  are  converted  into  valeric 
acids,  C  JTtj.COOII  ;  the  acid  from  the  active  alcohol  is  also 
optically  active,  but  dextro-rotatory,  and  it  is  also  distinpnishcd 
by  forming  a  gummy  baric  salt,  the  baric  salt  from  the  inactive 
acid  being  crystalline.     When  an  8  per  cent,  solution  of  chromic 
acid  is  employed  to  effect  the  oxidation,  a  considerable  amount  of 
amylic  valerate  is  produced,  but  with  a  5  per  cent,  solutioa 
(1  litre  water ;  105  grams  11,80^  ;  and  78  grams  Kfirf>^)  this 
is  no  longer  the  case.    The  two  alcohols  are  oxidized  with  very 
different  degrees  of  readiucss,  however,  the  active  alcohol  being 
much  more  readily  attacked,  and  even  when  a  feebly  oxidiiing 
mixture  is  emplojed,  mach  of  the  active  valeric  acid  undeigoes 
further  osidatioii  to  acetic  acid  and  carbonic  anhydride;  boUi 
▼aleric  adds  are  readily  oxidised  by  a  saturated  solution  of 
potasaic  dichromate  in  a  mixture  of  a  vols,  water  and  i  toL 
sulphuric  acid,  being  converted  into  acetic  add,  water  and 
carbonic  anhydride ;  but  the  inactive  acid  yields  consideTably  move 
carbonic  anhydride  than  the  active  (Erlenmeyer  and  Hell,  Ann* 
Ckem.  Pharm.,  clz.  294 ;  Pedler,  Joum,  Chem,  8oe,,  zxi.  74 ;  Ley, 
loe.  «/.)• 

The  behaviour  on  oxidation  is  of  great  importance,  as  it 
enables  us  to  determine  the  constitution  of  the  two  alcohols  from 
fusel  oil.  Since  both  furnish  valeric  acids  on  oxidation  they 
must  be  primary  alcohols,  and  as  the  normal  primary  amylic 
alcohol  is  not  identical  with  either,  they  can  only  be  isopri- 
mary  alcohols ;  but  three  isoprimary  amylic  alcohols  can  exist, 
viz. : 

CH(CHJ,  CgH,  CH, 

CH,  ;       CH.CH,    ;  C(CH,), 

CH,.OH  CH,.OH  CH,.OH 

These  three  alcohols  will  furnish  the  three  following  valeric 
acids  on  oxidation : 

CH(CHJ,  C,H,  CH, 

I  I  I 

CU,  J       CH.CH,   ;  C(CH,), 

COOH  COOH  OOOH 
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The  first  of  these  has  been  obtained  bv  Kriciimcver  and  Hell 
(/oc.  cii.f  p.  264)  from  isobutylic  iodide  by  the  following  reactions : 

CH(CH,)g.CH^  +  KCN  s  CH(CH,),.CH,.CN  +  KI ; 

iMbvtrltoioffld*.  bobotylia  iiMidii 

CH(CIl3),.CH3.CN  +  OHj+NaOH=CH{CH8VCH,.COONa  +  NH,. 

Isobatylio  cyanide.  Sodic  isOTilerat*. 

The  acid  separated  from  this  sodic  salt  was  found  to  be  identical 
with  Uiat  formed  on  oxidizing  the  inactive  alcohol  from  fusel  oil, 
thus  proving  that  this  alcohol  is  represented  by  the  formula 
CH(CII,,)2.CHg.CHg(0H).  Trimethacetic  acid  has  also  been  syn- 
thetically prepared;  and  differs  entirely  in  its  properties  from  the 
active  valeric  acid  from  the  active  amylic  alcoliol ;  hence  it  follows 
that  the  active  alcohol  has  the  formula  C^n^.CUiCU^).CU^{On), 
unless  we  assume  that  it  is  merely  physically  isomeric  with 
the  inactive  modification,  as  some  chemists  have  supposed ; 
hat  this  assumption  is  not  admissible  since,  according  to  Le  Bel« 
the  iodide  prepared  from  it  furnishes  an  optically  inactive  amy- 
lene,  hoilii^  at  31''— 3a*' (S;""  8—89'' 6  F.)*  different  from  the 
amylene  (B.P.  C.)  from  the  iodide  fi>rmed  from  the  inactive 
alcohol : 

C,Hs.CH(CH,).Cn,I  +  KHO  «  C,H,.CXCH,)irCH,  +  KI  +  OH,. 

Iodide  fh>ni  active  alcohol.  ^-Etbylmetk^lcthylenc. 

rH(('H,X.CH^.CHJ  +  KHO  =  CH(CH,),.Cn— CH,  +  KI  +  OH,. 

Iodide  from  inactive  alcohoL  Isoprop^lethylcne. 

This  amylene  combines  in  the  cold  with  hydrochloric  acid, 
forming  a  chloropentane  convertible  into  the  isomeric  amylene^ 
tiimethylethylene,  by  the  action  of  potassic  hydrate  : 

CH,.CH,.C(CH,)=:CH,  -f.  HCI  «  CH,.CH,.CCI(CH,).CH,; 
CH,.CH,.CC1(CH  J.CH,  +  KHO  =  CH,.CHizC(CH  J.CH,  +  KCl  +  OH,. 

Moreover  Saur  has  recently  succeeded  {Deui.  chem.  Get.  Ber,, 
viii.  1037)  iu  preparing  methethacetic  acid  synthetically,  and 
finds  iLat  it  resembles  the  active  valeric  add  from  active 
amylic  alcohol  in  its  properties,  and  that  it  yields  a  non- 
crystalline baric  salt;  so  that  there  can  no  longer  be  anj 
doubt  as  to  the  constitution  of  active  amylic  alcohoL 


•  This  amylpne  has  the  specific  gravity  "670  at  0°  (32°  F.) ;  it  should  be  in- 
■erted  in  the  table  p.  184,  in  the  column  headed  Series  H,CizC(C„Hjb^j),, 
According  to  Le  Bel,  pure  trin  eth^letliylene  boil*  at  36°— 38°  (g6'*'i-^ 
100**4  v.),  and  at  o"  (32*  F.)  has  the  tpcdiio  gravity  '6783;  it  alio  eonbinss 
with  hjdroelilorio  add  in  the  cold. 
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Many  of  tlie  detivatiTes  of  aettve  amylic  alcohol  are  tBem- 
aeWes  active^  bat  it  ia  remarkable  that  thej-  are  dextrorotatory. 

According  to  Le  Bel,  the  rotatory  powers  of  the  chloride, 
bromide,  and  iodide  prepared  from  the  alcohol  form  a  pn>- 
portioual  scries,  aud  are  related  to  each  other  as  the  numbers 
1,  4,  and  8. 

If  sodic  or  potassic  hydrate,  calcic  chloride,  or  apparently  niiy 
salt  easily  soluble  in  the  aleuhol,  be  dissolved  in  ordinary  amvlie 
al("<>bol  at  the  boiling  point,  and  the  saturated  sohition  be  dis- 
tilled from  an  oil  bath,  finally  at  about  200°  C,  a  cousidt  ruble 
amount  of  the  alcohol  is  retained  in  the  retort,  and  when  this  is 
liberated  by  adding  water  and  again  distilling,  it  is  found  that  tlie 
akoh'd  which  ])as?5es  over  is  considerably  less  active  than  that 
originally  employed  (Chapman  and  Smith,  Proc.  R.  Soc,  xvii. 
3cS).  If  sodium  be  dissolved  in  active  amylic  alcohol,  the  excess 
of  the  latter  distilled  off  in  the  oil  bath,  the  alcohol  liberated 
from  the  sodium  compound  by  the  addition  of  water  and,  after 
drying,  again  similarly  treated,  it  is  rendered  inactive;  thia 
change  appears  to  be  produced  by  the  heating,  and  ia  not  a 
specific  action  of  the  sodium  (Le  Bel).  The  alcohol  ia  apparently 
not  altered  in  its  chemical  properties  (Le  Bel) ;  and  this  is  the 
more  probable  since  Erlenmeyer  timl  Hell  have  shown  that  when 
active  valeric  acid  is  heated  to  250^  (4^2°  F.)  with  a  few  drops  of 
concentrated  sulphuric  acid  for  at  moat  fifteen  minutes,  it  entirely 
loses  its  optical  activity,  but  ia  not  altered  in  chemical  pro- 
perties. 

Sodium  diasolves  in  amylic  alcohol,  forming  sodic  amylatejvhich 
separates  in  crystals  of  the  composition  GBH^.0Na+3CgH,,O. 
When  a  solution  of  sodic  hydrate  in  amylic  alcohol  is  diatilled, 
water  passes  over  (Chapman)  : 

CJIii-OII  +  NaOH  «  CjHji.ONa  +  OH^ 

Amylic  &lcohoL  Sodic  amjUte. 

80  that  distillation  from  sodium  cannot  be  resorted  to  as  a  method 
of  rendering  amylic  alcohol  anhydrous. 

In  all  its  reactions  amylic  alcohol  (fusel  oil)  closely  lesemblea 
ethylic  alcohol,  but  it  is  a  much  less  stable  compound. 

(1439)  ^"'y-  -AlcohoU.  Froptflmethylearhinol:  C,H,«.CH(CHJ.OH. 
— Thib  alcolu)!  is  formed  by  the  action  of  PHMCi'iit  hydrogen  on  propyinictl.vl- 
ketont',  CjH..C(J.C'Uj,  and,  to;^'  ther  with  normal  primary  amylic  alcohol,  from 
normal  peutunc  by  Schorlemnu  r'u  methocl.  It  has  also  Wn  prepared  from  tlie 
amylic  iodide  o1)tain«d  by  oombining  a-amylene  (i  232)  with  hydriodio  acid.  It 
bods  at  about  1 20°  (248'  F.),  and  at  (32"  F.)  has  the  specific  gravity  '826  ; 
on  oxidation  it  yields  a  ketone  of  the  formula  C^H^O,  and  propionic  aad  scetia 
aoida  (Warts). 
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Dieihylcarbinel :  (CJI J,CH.OH,  is  obtained  by  tbe  action  of  zincic  etbidt 
on  etlivlic  Ibmiate,  and  8ub^^•quent  treatment  of  the  product  with  water  (NVapner 
aod  S^ayt/.t  fl",  Ann.  (Jhem.  Pharw.,  clixv.  363).  It  w  a  colourless  liquid,  diffi- 
Cttltljr  ttuluble  in  water,  po8M't>t<ing  the  peculiar  odour  cbarHcteristic  of  tbe  am^lic 
aleohok;  it  boils  at  116**— x  17**  (24o''-8<-243'*'6  F.),  woA  at  o*  (33*  F.)  bai 
the  spt^^ciSc  gravity  '83a.  CNn  condatioo  H  fniniihca  4i«tbylk«toaa,  |flO|MUi 
acid  and  acetic  acid. 

Isoprojn/hnet/ii/lrarbhol :  CjHj/'.CI^OH)  CH^.  'i»  fornicd  from  theamylone 
from  ii>upriuiury  amylic  iodide*  by  combining  it  with  hydriodic  acid,  digefttiog 
the  leaulthiK  ioidida  with  dry  argentic  acetate,  and  dccompoijiig  the  amjHc  aeetito 
with  a  concenlrated  aqucoas  eolation  of  potaoMc  hjrdnita  (Fbvitaeky,  Md^ 
cbxix.  348).  It  has  aUo  been  obtained  from  methjli'^opropylketone  by  the 
action  of  nascent  hydrogen  (Miinch,  ibid.,  clxxx.  339).  Tlie  alcohol  from 
amylene  is  said  to  boil  at  103** — 104°  (217°  4 — 2i()°'2  F.),  nud  on  oiidation 
with  a  tive  per  ctiit.  scilution  of  chromic  anhydride,  it  furui^heH  acetcue  aad 
acetic  acid,  no  isopiopN  iinetiiylketone  being  Jbnncd;  ite  epecific  gravity  at  0* 
(32^  F.)  U  S26.  The  uirohol  prepared  from  the  ketone  ib  a  liquid  of  pleasant 
ethereal  (»(lour,  of  the  npecific  ^rHvity  "827  at  17°  (62°  6  F.) ;  it  is  stated  to 
boil  at  108^  (226  "4  F.),  and  to  l>e  r»H'nnverfeil  into  tlie  ketone  on  oxidation. 

(1440)  Terliury  Amylic  AUokol  ox Etk^ldimelhi^lrat  hitwl:  C,H,.C(CH,LOH, 
nay  bu  prepared  by  the  action  of  lindc  in«thidc  on  propionic  dihitide,  C,H,.C0C1, 
the  produet  being  eubeeqaently  treated  with  water  (Popoff,  t&sdL,  cxltr.  293$ 
Ermolaiew.  ibid.,  clxii.  190).  Thiaakohol  haa  a  peculiar  aromatic  odour,  diflVrent 
from  that  ot  its  i>omerideH,  atid  is  also  n  orc  snhille  in  water.  It  solidifies  at 
about  -  30^  ( -  22**  K  )  to  a  mass  of  small  neeUlea,  and  boila  at  98"''5—  loa* 
(209  3 -215' '6  F.)  (Krmolaiew). 

The  soHralled  amylene  hydrate  obtained  by  combining  amylene  from  fcmcB- 
taUon  ainylic alcohol  with  hydriodic  acid  and  treating  the  resulting  amylic  iodide 
with  moii-t  argentic  oxide  (Wurtz),  or  by  combining  it  with  snlphuric  acid  and 
then  distilling  with  water  (Flavitzsky,  p.  195  ;  ibid.,  clxx  x,  343),  appears  to  be 
thia  alcohol.t    It  bo.ls  at  I03°  (2I5°*6  F.),  and  on  oxidation  by  a  ^  per  cent. 


*  The  amylic  Iodide  employed  by  Flavit&kky  oontiuncd  a  cettain  aaHmat 

of  the  active  iodide,  and  the  amylene  prepared  from  it.  therefore,  wa?  % 
mixture  of  isoprop^hthylene,  Il.,CllIlt'l'^'Hll.^,  with  eth\ IniLthylethylene, 
C,H,.C(CHj)~Cil, ;  hence  the  alcohol  probably  contained  a  certaiu  amount 
of  ethyldimethykrarbinol,  and  thia  may  account  for  the  low  boiUng  point  obeerTcd 
by  Flavits^ky  ae  compared  with  that  observed  bv  Uunch. 

t  According  to  Ohsif  off  (2)eu^  chcm.  Ges.  Ber.tvm,  1240),  different  alcohols 
are  produced  whin  sulphuric  acid  oC  diHVrent  degrees  of  concentration  is  employed. 
l{y  abiding  the  amylene  drop  by  drop  to  a  well'Couled  mixture  of  2  pts.  bjf  tcciglU 
of  aulpburic  add  and  1  pt.  of  water  (as  employed  by  Flavitzsky)  and  sub^queuUy 
distilling  with  water,  he  obtained  an  alcohol  boiling  at  102*  - 105°  C.>  whidi 
did  not  *oUdify  wlu  n  cooled  to  —  3o''C. ;  but  with  a  mixture  of  2  voh.al 
tulphuric  acid  (about  3*6  pts.  by  w»-i<;ht)  aiul  i  vol.  of  water  an  alcohol  boiling 
atnbout  97""  C  wa.-*  pro<iuced,  which  nudily  holidilicd  hetwt  en  -  20°and  —  30'*C-i 
and  which  had  not  the  same  odour  as  tbe  alcohol  oi  higher  boiling  point. 
Amyleue  hydrate,  alao.  which  he  prepared  from  the  amylic  iodide  from  amylcM 
by  Wurtz's  method,  did  not  solidify  at  —30"  C.  Although  Os«ip<^  concluded 
from  this  that  the  two  alcohuU  he  obtained  were  isomeric,  and  reapecUvely 
idfntical  witii  ethyldimethylcarbinol  and  atnyleue  hydrate — adopting  the  view 
tlien  prevalent  that  the  latter  was  isopropyhuethylcarbinol — it  appears  highly 
probable  that  the  two  alcobula  in  queation  are  really  identical,  and  that  the 
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•elation  of  diionie  aniijdride  jieldi  acetone  and  acetic  acid  (Flavitzsky). 
AmyleiM  hydraito  ia  lemarkable  on  aceonnt  of  the  great  readinoM  with  whkli  it 

Ls  resolved  into  anylone  and  water, — hence  its  name ;  thia  decompoHition  takeo 

place  when  itH  vapour  is  heated  to  200®  (392°  F.),  on  niixini;  it  with  Kulphuric 
acid,  or  when  it  is  heated  with  acetic  acid  in  the  water-bath ;  eimilarlyj  when 


difference  observed  in  the  products  was  due  tu  the  presience  of  impurity ;  for  we 
may  now  regard  it  aa  an  establiabed  fret  that  amylene  prepared  Aon  fiMrmenta- 
iion  amylic  alcohol  by  the  action  of  sinoio  ebbride  ia  trilmethylethyleno  (aee 

AmylglycoU).  From  Henry's  more  recent  eiperiments  it  appears  that  the  8tate> 
ment  on  p.  401  that  propylene  may  combine  with  hypochlorons  acid  in  two  ways 
id  incorrect,  and  that  the  compound  CH^.CH.Cl.CHj(01{)  is  always  produced 
(oomp.  p.  462).  The  behaviour  of  hypochlorons  acid  with  olefines,  therefore, 
resembles  that  of  the  haloid  acida,  and  we  have  eoniequentlj  little  reason  to 
expect  that  the  behaviour  of  sulphuric  acid  will  prove  exceptional;  ao  that,  accord- 
ing to  the  law  which  regulates  tlio  conibiniition  of  the  oiefinoH  with  tin-  lialoid 
acid:*  (p.  400).  triiuethylethylene  will  furnish  a  tertiary  amylic  derivative  when 
combined  witli  aul^iimric  acid  : 

(CH,»,C~CH.CH,  +  H,SO^  =  (CH,). r(HSOJ.ClI,.CH,, 

the  alcohol  from  which  would  bo  cthyldimethylcarbinol.  Even  snppoaingy 
however,  tliat  the  complementary  reaction  : 

(CH,),cz:cii.cii,  +  H,so^  (CH,),cH.cir(nsoj.CH„ 

iH  poHsible,  it  is  highly  iraprubablo  that  the  one  would  take  place  to  the  exclusion 
of  the  other  by  a  comparatively  slight  variation  in  the  concentration  of  the  acid, 
■a  waa  the  case  in  OMipoff*a  4-zperiment8.  Therefore,  admitting  the  aetion  of 
•alphuie  add  on  amylene  to  vary  with  the  concentration,  it  is  improbable  that  in 
the  one  experiment  only  the  tertiary  alcohol  and  in  the  other  only  the  seoondazj 
was  produced,  which  is  the  interpretation  Ofsi poll"  places  upon  his  results. 

The  production  of  trimethy lelhj lene  from  fermentation  amylic  alcohol  is 
doubtless  the  final  result  of  a  aeriea  of  ohar^iea.  It  ia  not  improbable  that  in 
the  first  inatanoB  the  ainoio  «di]aride  and  aloohol  enter  into  reaction  to  prodnee 
tineio  dklonmylata : 

ZnCl,  +  C^H„.OH  »  ZnCLOCA,  -I-  HCl, 

and  that  thb  oomponnd  ia  aubieqnently  reaolved  into  amylene  and  2^CL0H, 
thna: 

ZnCI.OC.H,,  =  C,H,,  +  ZnCl.OH. 

Thes«  reactions,  it  will  be  observed,  are  the  counterpart  of  those  which  occur  in 
the  formation  of  ethylene  from  sulphuric  acid  and  ethylic  alcoho..  In  this 
manner,  the  amylene,  isopropyleth^  lene,  would  be  formed  from  the  isoprimary- 
hotylearbinol,  and  the  isomerie  ethylmetliylethylene  from  the  secondary  butyl- 
carbinol  present  in  the  fermmitation  alcohol.  Both  theve  amylenes,  however, 
combine  with  hydroclili)ric  acid,  and  rurni>h  the  same  aniylic  chloride;  and  the 
tertiary  amylic  chloride  thus  prudui  fd  is  readily  resolved  into  liydrocliloric  acid 
and  the  amylene,  triinetiiyletiiyleiie.  The  i^uppositiun,  tlieieiure,  that  these  two 
avme  renetiooa  actnally  occur,  is  perfectly  warranted,  and  appears  to  afford  a 
•imple  explanation  of  the  iaomerie  change  observed  in  the  formation  of  trim  ethyl- 
athylene  from  the  fermentation  alcohols.  The  action  of  zincic  chloride  on 
fermentation  amylic  alcohol,  however,  is  a  subject  requiring  investit^ation  on 
aooount  of  the  occurrence  of  other  hydroearbous  besides  amylene  and  its  poly- 
meridea  in  the  product  (p.  i  (j^) ;  the  formation  of  paraffins  is  m.t  yet  explained, 
and  it  haa  to  be  ahown  whether,  as  Wurti  aoppoae»,  all  the  pnKlveta  are  derived 
ftmn  amylic  aloohol,  or  in  part  from  other  akohola. 

G  G  2 
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0iiz«d  wKli  Vroniiie  at  OfdhuajVoipantiirai,  it  fanuabM  wator  and  an  amylene 

bromide.    Its  haloid  deiivatives  are  equally  unstable,  the  iodide  being  reconverted 

into  the  alcohol  by  mere  dilation  with  moist  argentic  oxide  at  o"  (32°  F  ), 
where:i8  the  iodide  from  fermeutatioQ  amylio  alcohol  is  scarcely  acted  upou  bdow 
100°  (212^  F.). 

( 1 44 1 )  Hbztlio  Aiogholb  :  C,H„.OH  =  103.— No  kaa  than  eight  iaoiMiie 
hex}  lie  aloohola  have  been  dceeribad,  bnt  moat  €(  tbem  have  bean  oomparatifely 
little  Btadied: 

p.^.^        rretityUarbiuol  C,H„».CH,.OH  157** 

"•■^    •  \  Isoprimary.pentylcarbbol     .  C,H,,^.CH,.OH        148*- 154* 

(  Uulyhnethylcarbinol  .    .    .  C\H,«  CH(CHJ.OH  135'— 138' 
Beooodarj  .  <  Propyl,  tliyloarbinol    .   .   .  CA«.CH(C,U,).OH  1$^ 
( Tertiary-butylmeihyloarinDol  Cfl*.CB{CB^,OE  tao^'S 

( DietbylmethykaxbiDol.   .   .  (C,H^),C(CH,).OH    up*— I2i* 
Teriiavy    .  ^  Propyldimethylcarbinol    .    .  (CHJ  0(r  Tl.KOH  I14'— II?' 

(  Isopropyldimethykarbinol    .  (Cig.C(CX)^-<>H  iia**— 113* 


(1442)  Primary  Hi-rj/Uc  AlcohoU.  Normal  Primart/  lltx^lir  Alrohol  : 
CII,.Cil,.Cll,.Cli,.CH,.Cli,(Oll).— The  easeutiul  oil  of  Meraclcum  gi^anUum 
oontaina  «  eonmdeFable  amount  of  hexylio  acetate,  the  portkm  boiKag  at  about 
aox*— 206*  (393**8 — 402''-8  F.)  being  a  mixture  of  this  ether  and  octylie 
butyrate;  from  tliis,  hcxylic  and  octylie  alcohols  may  be  obtaintKl  by  baponifica- 
tion  with  an  alcoholic  solution  of  potassic  hydrate,  and  then  separated  by 
Iractioual  distillatiou  (Frauchimont  and  2^ucke,  Ann.  Ckem.  Pkarm.,  clxiii. 

193). 

The  hexylic  alcohol  thna  obtained  ia  ft  eotomleea  oily  Uqtiid  of  pleaaant 
aromatic  odour  and  intioluble  in  water.  It  boQaat  157^  (3I4"'6  P.),  and  at  23* 
(73°-4  F.)  hus  the  specific  giavity  '819.   On  oaddation,  it  ioiniahea  normal 

caproic  acid,  C\H„.("()()H. 

Isoprimari/  Mejr^lic  Alcohol :  (CH,),CH.CH,.CH,.Cn,(OH).  —  Faget 
in  1853  separated  ftom  brandy  fiiael  oil,  a  portion  boiling  at  148°-^  154" 
(298**4 — ^309''*a  F.),  which  he  states  gave  caproic  acid  on  oxidation ;  bo  re- 
garded it  as  caproylic  or  hexylic  alcohol,  and  from  the  boiling  point  it  appears 
not  improbable  that  the  substance  he  obtained  was  the  next  homologue  of  fer- 
mentation amylic  alcohol  (compare  also  Wurtz,  Ann.  Chcvi.  Pharm.,  cxxviii. 
3r6).  No  attempt  appeara  to  have  been  made  since  then  to  isolate  this 
ahiohol  prom  fiuel  oil,  bnt  ita  re-discovery  and  inveatigation  are  mnch  to  be 
desired. 

(1443)  Secondan/  JTejcyHc  Alcohnh.  Prlmary-buh/Imethylcarhinol  : 
CHj.CHj.CIIj.CH  ,.('li(Cll  J.bll.— Amixture  ofthis  alcohol  with  primary  hexylic 
alcohol  is  obtained  from  normal  hexane  by  chlorination,  &c.,  according  to  Schorlem- 
mer's  method.  The  pore  alcohol  ia  produced  by  the  action  of  mdst  argentic  ocdde 
on  the  aeoondaxy  hexylic  iodide  from  mannite,  or  by  combining  the  heiylene  ob> 
tained  from  this  iodide  with  sulphuric  acid,  and  distilling  the  product  witli  wator 
(Erlenmeycr  and  Wank]3'n  ;  llwht,  Anu.  C/<(m.  Pharm..  clxv.  146).  liy  the 
action  of  zincic  ethide  on  dichloiiuated  cthylic  ether,  Lieben  (t7>ji/.,  clxxviii.  i)  • 
has  obtained  a  diethylether,  which,  by  the  action  of  hydriodic  acid,  may  be  con- 
Terted  mto  a  hexylic  mdide this,  when  treated  with  aigentic  acetate  and  glaml 
acetic  acid,  yields  an  acetate  from  which  butylniethylcarbinol  may  be  obtained 

on  saponifie^ition.  The  formation  of  butylniethylcarbinol  in  this  manner,  how- 
ever, is  the  rehull  of  i.M  n  eric  change,  and  that  thia  ia  the  case  will  be  eTidcnt 
from  the  following  foruiulw : 
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-1  1^  ■  •         l"  1*^ 

CHa      I      CH.CA      i      CHI      :  GH^OH. 

I  I  I  I 

O.C,H,  O.C,H,  C,II,  CH, 

The  change  probably  occurs  when  the  iodide  is  subtnitte<l  to  the  action  of  acctio* 
acid  and  argentic  acetate,  the  iodide  being  first  converted  into  tht»  hcxylene, 
propjimetbjrlethjriene,  C,Hj.HCzZCH,Cii^  which  oombineR  with  the  acetic  acid, 
fimniqg  fhe  aeetato  of  bn^lmsthjlotrbiiiol.   A  limilar  chaQge  in  ih«  balyl 
MiMft  has  been  mentioned  prefionsly  (p»  44a)* 

Batylmethylcarbinol  is  a  colourless  liquid,  insoluble  in  water,  possessing?  a 
pleasant  alcoholic  but  also  aromatic  odour ;  it  boils  at  135" — 138'  (275° — 
280^*4  F.) ;  the  specific  gravity  of  the  alcohol  from  heiylene  is  '8266  at  0° 
(32"  F.),  according  to  Uecht.  On  careful  oxidation,  it  is  converted  into  butyU 
methjlketont,  whiok  00  AirUitr  o^bition  yielda  normal  Imtyrio  a^, 
C,H,.COOH,  and  acetic  acid, 

Prop^lethylcarhinol :  C,H^.C'II(C,HJ.0H,  is  formed  from  ethylpropyl- 
ketone  by  the  action  of  nascent  hydrogen  (Vdlker,  Deut.  chem.  Ges.  Ber,, 
viii.  1019).  It  boils  at  135'' (275"  P.J,  its  specific  gravity  at  0°  (32"  F.) 
l^ing  '^iSS     20*  (68^  F.).    By  otidatioD  it  yieldt  ethylpropyl- 

ketone,  from  which  pvopioaie  and  aeeHo  adda  ara  ohIatiMd  hf  farther  oxidation. 

Terfiary-buylmeffiyfcarbinol;  PinacoUc  Alcohol:  C,H,«.Cn(CH,).OH, 
or  fCIIJ,C  CH(('H^».()"H.— Friedel  and  Silva  have  obtained  this  alcohol  by  the 
action  of  nascent  liydrogen  on  pinacolin  or  tertiary-butylmethylketone  {^Compt. 
Rend.,  Ixxvri.  226) ;  it  is  a  liquid  of  campborous  odour,  which  boils  at  120*^*5 
(248''  9  F.),  and  at  o**  (sa**  F.)  haa  tha  apeei6c  gravity  8347.  It  Mlidifias 
at  a  low  temperature  to  a  nkMOf  long  silky  needles,  which  melt  at  4*^  (39**'2  F.)« 
By  careful  oxidation  it  ii  nooDTOrtad  into  the  katcMiet  whioh  may  ba  oxidiiod  to 
trimethaoetic  acid  : 

(CH^,aCO.CH.  -I-  4(0 -hOH^  ^  (Cig.O.OOOH  -I  H.OOOH  ^  4H,0. 

TUt  behavioar  it  of  especial  intemt,  ta  it  is  tha  only  instanea  at  present 
known  in  which,  ou  osid^ng  tha  ketone  formed  from  a  secondary  alcohol  of 
the  ethylio  series,  the  more  complex  radicle  remains  in  combination  with  the 
CO  group  of  the  ketone,  the  simpler  radicle  being  displaced  by  OH. 

The  constitution  of  this  ala>hol  has  been  the  subject  of  considerable  dis- 
eosnon  on  aopomit  of  iti  formation  from  pinaoolin,  which  is  produced  by 
heating  pinMone  with  dUuta  ndphuna  aeid ;  pinaoona  ia  a  body  obtained 
together  vnth  iaopropylic  alcohol  when  acetone  is  submitted  to  tlie  action  of 
nascent  hydrogen,  and  itt  formatioa  in  thia  manner  ia  the  reeolt  of  tha  following 
simple  reaction : 

(C1I^),C0  (CH^,C.OH 

+    H,   «  I 
(CHJ,00  (CH^COH 

2  mols.  acetone.  nnMone. 

Pinacolin  is  produced  from  pinacono  by  the  withdrawal  of  the  elements  of  a 
molecule  of  water,  but  on  comparin;^'  tiie  lormulfe  of  the  two  compounds, 
it  will  be  obviuuji  that  its  formatiou  muni  bo  attended  with  isomeric 
change : 

C(CHJ^OH  C(Ciy, 

i         I      I  . 

C(CH,)^.OH  CO.CH, 

finauoiM.  PiaaooUn. 
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That  this  is  the  case  there  in  no  douht,  for  Batlerow  has  shown  that  the 
kntone  prepared  from  «iioie  methlde  and  trimcthtcetie  MonS»,  C(CH,),.(X)CSlf 
is  identiMl  with  the  pinaoolin  from  acdx>ne.  The  maimer  m  whieb  the  oonver- 
•ion  occars  cannot  at  present  be  traced,  bat  it  woqU  appear  to  be  aa  inataBee  of 

direct  intramolecular  chartfje, 

(1444)  Tcrtiarjf  Mejcylic  Alcohol*. — Three  sacb  are  known,  viz. : 

U.P. "  c. 

Methyldiethvlcarbinol  .  .  (aH.),aCH,).OH  119°— 121- 
Propyldimethylcarbinol  .  (CH.),C(C,H,)*OH  ih**— xiy' 
iMpropyldimethyleirbiBol .  (CH,;,C(C,H,)^.OH  i  la*"— 1 13* 

They  are  respectively  obtained  by  the  action  of  zincio  ethide  on  acetic  chloride, 
CH,.O0a;  by  the  aetion  of  sin^  melihide  od  bntjrio  chloiide,  C.H,*.C0C1 ; 
and  by  the  aetion  of  sineio  methide  00  iaobutyrio  dih)ride,  CjifJOOGI^ 
the  products  of  theae  reactions,  after  standing  several  days,  being  twatad  witlfc 
water  ( iiutlerow,  Mrb»,  1865,  4^' »  Prianiohnikoff*  Jbus.  Cknu  Plim,, 
cUii.  67). 

They  are  liquids  posseosing  an  alcoholic  and  camphorous  odour.  Diethyl- 
methylcarbinol  iolidifiaa  at  -  35°  (  -  31"  F.)  to  a  inaaa  of  kmg  ine  aeedliie, 

hat  the  isomeric  terttaiy  alcohols  merely  become  viacid.  On  oxidation,  diethyl- 
methylcarbinol  is  converted  into  acetic  acid  ;  dimethylpropylcarbinol  furnishes  a 
mixture  of  propionic  and  acetic  aciJs ;  and  diraethyliRopropylcarbinol  yields 
acetone  or  dimethylketone.  A  small  quantity  of  a  hexylene  was  ahio  formed 
from  diethjImethyloarbinoL 

(1445)  Hxrnruc  Aloohou:  C^H^.OHs  ii6^Tfae  bum  fbUowing  hap- 
^lie  aloohub  have  been  obtained : 

B.P."C. 

Hexylcarbinol  C,H„«.CH,.OH  lys^'S 

Lioprimaryhexylcaibiiiol  .    .    .    C,H„^.CH,.OH  163"— 165** 

AmylmathykafbuMil  ....  C.H,  <.C(CHjH.Ofl  160*— x6a* 

IKpropjksarbinol   (C,U,),*i;U.OH  149*"— 150* 

laoprbiaryamyhuethyleaihiiiQl  .  C.H,  ^  C(CH,)H.OH  I46*'»i48* 

Diisopropylcarbinol    ....  (C,H,)/CH.UH  IJI*— 13a* 

Triethylcarbinol  C,H,.C(C^HJ,  OH        140*— 142* 

Isoprimarybiityldimethylcarbinol  C\Hj^  C(CHj)j.OH  129' — 131 
Tertiarybutyldimethylcarbinol  .    C^H/.C(CH j^.OH        131°— 132 

(1446)  Primari/  ITeptyltc  AlcohoU.  Normal  Primary  Heptylic  Alcvhol 
or  Hexj/lcarhinol :  C,H^,».CH,(UH)  or  CH,.CH,.CII,.CH,.CH,.CH,.CH,(Oll), 
is  l>e«t  prepared  by  the  action  of  nascent  hydrogen  on  heptylic  or  oenanthic 
aldehyde  fimn  eaator  ml,  which  for  thit  purpose  ia  dnMlved  ia  aoetio  acid 
and  treated  with  aodiam  amalgam  (Grimahaw  and  Sohorlemmer,  IVoe.  .Bey. 
Soe,,  1873.  393)  •  '^^^  ^  formed  from  normal  heptane  by  chlorination. 
Jus  It  is  a  limpid,  somewhat  oily  liquid,  possessing  an  aromatic  odour,  and 
'boils  at  lyS^  S  (347°'9  F-)  (Schorlemmer,  Anjt.  Chem.  PAarm.,  clzxvii.  303} ; 
•on  oxidation  it  yields  hexylic  or  ceuanthiu  acid,  C^H^.COOH. 

Itoprmary  or  ^HoxyUofhinol  s  (CH,),CH.CH,.CH,.CH,.CH,(OH).  ia 
^brmed  together  with  isoprimary  or  ^-amylmethylearbinol  from  the  paraffin 
ethyliBOHmyi,  CH,.CH.^.Cn,.CH,.CH(CH,),.  by  Schorlemmer 's  method.  It  boils 
at  163^  — 165*  (325**  4 — 329**?.),  and  on  oxidation  yields  isooenanthic  acid, 
<CH  )^CH.CH,.CH,.CUg.COOH  (Grimshaw,  Journ,  CAom,  Hoc.,  xxvi.  313). 

Mhorkmrner  haa  hi  a  similar  manner  obtained  an  iaomerb  aloohol  fimn  the 
baptane  whieh  aoeompaniea  normal  heptane  in  petroleom,  hot  ita 
mat  kaomui  it  hoib  at  i65**--i7o'*  (339*— 338**  F.)  («6mI^  3x9). 
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According  to  Fajjet  {Ann.  Chem.  Pkarm.^  cxtxt.  355),  the  portion  of  the 
fusel  oil   from  the  ferrnnntation  of   grape  skins,   boiling  at  155** — 160" 
— ^4^  compositiMi  of  heptvUc  aicohoL 

(1447)  S0e,  MtyL  AteoM$.  Aw^autks/feMMud:  Cfl^,\C(CV^ 
obtained  from  normid^hq^uft,  boils  at  160° — i6a*(320**— 323"*6  F.),  andfur- 
Tiiahes  amylmethylkctone  on  oxidation  (Schorlemmer).  The  heptane  which 
accompanies  normal  heptane  yields  an  isomeric  al<»hol  of  unknown  coni*titution, 
boiliiij^  at  148" — 156''  (298% — 302*  F.).  The  secondary  alcohol,  uoamifL- 
mHhfhmU»ols  aH„^.C(CH^ILOU,  frttm  Um  heptane  ethyliioamjl»  boik 
146^—148^  (394*^-8— 398'''4  F.),  and  ia  ttnmKed  isto  iMtfujlmethylkelooe 
hj  ondfttiM  (Qdmhaw). 

Dipropylcarlnnol :  C,H/.C(C,H,)*H.OII,  is  obtained  by  the  action  of 
nascent  hydrogen  on  dipropyiketone,  C3H,".C0.CjH.a.  It  is  a  somewhat  viscid 
liqaid,  of  peaetrating  odour,  only  slightly  soluble  in  water,  and  boiling  at  149*^^ 
IS©'  (300*-t— 302'  F.);  it*  specific  gravity  at  25°  (7 7*'  F.)  u '814.  On 
oidatioiwitMnooiifMrtodiMto  tlMk«liiM  {Smx^JMrn,  Omu  J»iM.»alxi. 
sia). 

Diisoprop^learhtnol,  C,H^^.C(C,H.)^H.OH,  ia  prepared  in  a  similar  man- 
ner from  diisopropylketone,  C,H,fl.CO.C,H,^  (Mancb,  ibid.,  clixx.  333).  It 
pOMenee  a  pleaaant  ethereal  odour,  somewhat  like  peppermint,  and  baa  the 
apeeiBo  gravity  -8323  at  17*  (62'-6  P.>.  It  beib«l  131'— 132°  (267*-8— 
269  *6  F,),  and  on  oxidation  is  reconverted  into  the  ketone. 

(1448)  Tertiary  Hepti/lie  Alcohols.  TrUthylcarblnol  :  C,H,.C(C,H,),.OH, 
prepared  from  propionic  chloride,  Cyi^  COOl,  and  zincic  ethide,  is  a  colourlesa 
liquid  of  camphorous  odour,  difficultly  soluble  in  water ;  it  becomes  viscid  when 
«>oledto  -80*  (  -  4»  F.).  Itboib  140*»— 142**  (284"— 287*'-6  F.),  audit 
o""  (33°  F.)  haa  the  apedfio  gcanty  -8593.  On  treatment  wHh  an  oxi- 
dizing mixture  of  aalphwM  aeid  and  potasaic  dichromate,  it  furnishes  propionie 
and  acetic  adda,  aad  a  amall  qnantitu  of  a  heptylene  (Kahapetian,  ibid,,  obni, 

JHrntUgUaabuiylrarlinol :  G.H/.C(OH,)^OH,  has  been  obtained  fram 
vakrie  chkirido,  C\H,,.COCI,  and  nnoio  methidei   the  Talerie  add  om- 

plojed  in  the  preparation  of  the  chloride  being  that  pvodnced  by  oxidizing 
fermentation  amylic  alcohol.  The  heptylic  alcohol  thus  prepared  is  probably  a 
mixture  of  isopriniary-butyldimethylcarbinol  with  small  quantities  of  secondary- 
butyidimethylcarhinol.  It  is  almost  insoluble  in  water,  and  possesses  a  powerful 
oaaaphorova  odonr }  it  boOa  ai  1 29"— 131''  (2640-3->867^8  F.).  When  cooled 
«• -2o''(-4*F.)tlnHntyheoomeaTiadd.  On  oiidation.  it  yieUa  iaobotyrio 
«ad  acetic  acids  (FkwMT,  sftuf.,  clxxiii.  192). 

Markownikoff,  by  eombiningthe  heptylene  from  oxyisocaprylic  acid  (p.  197) 
with  hydriadic  acid,  aad  treating  the  resulting  iodide  with  moist  argentic  oxide, 
obtained  aa  aioehol  boiling  between  123'' and  132**  (253'''4  and  269°'6  F.), 
which  there  oan  he  Kttie  donht  ia  inpore  ieoprimary-bntyldimethykarbinol.  It 
ia  distinguished  by  the  readincM  with  wluoh  it  ia  iwolved  into  iMptylene  and 
water  (Zc?7*.  Chem.,  1871,  260). 

Tertiart^  hutyldimeth^arbinol:  (CH,)^C  C(Cn,),,OH,  is  obtained  from 
trimethacetic  chloride,  (0H,)jC.COCI,  and  zincic  methide.  It  crystallizes  in  long 
Mdlea,  vMn^  at  ahMrt  17'  (62''*6  F.),  and  hoUa  at  abont  i3i°-<-i32'' 
'(367*''8— 169'''6  f.)i  It  atttaoti  water  witii  gftnt  nvidtty,  Ibnniafir »  ttyrtallhie 
hydrate,  2C,H„0,H,0,  which  BMlta  at  abont  83<>  (181%  F.).  Thia  hydrate 
crystallizes  in  long  transparent  prismatic  needles,  perreptibly  soluble  in  water ; 
it  is  extremely  volatile  even  at  ordinary  temperatures,  and  e.spwially  on  heating 
with  water.  It  is  very  slowly  acted  upon  by  a  mixture  of  potassic  dichromate 
mbA  dilnta  auIfhiBieaflidshnaunibdaowitlMnt  action  at  ov^^ 
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bub  on  warming  a  white  solid  product  is  obtained,  which  apparently  ia  a  mix- 
torn  of  C,Hj,Ur  and  C,H„Br,  (Butlerow,  Hid.,  clxxTii.  176). 

(1449)  OoiTUO  Alcohols:  C,Hj^OH8i3o. — Oar  koowbdge  of  these 
•loohols  is  at  pisisnt  y«j  impediNt,  only  three  being  Iniown  witli  oertain^y 
▼is.: 

Heptylcarbinol    .    .    .    C,H,,«.C]T,  OH  196^—197'' 
Hexjlmetbylcarlnnol    .   C.tl,,^(  (CHJ.H.OH  180"* 
FtopyldietbylMrbinol    .   C,H,«  C(C,HJ,.OU  P 

(1450)  Normal  Primart/  Orf^lic  Alcohol  or  Hcjitylrarhifiioi  s 
CH,.fH,.CH,.CH^CH,.Ci[,.CH^.CH,(OH),  is  obtained  by  sapJuiiyiug  the 
portion  of  Uw  eesentiol  oil  oi'  Jleracleum  spondylium,  boiling  at  206* — 208* 
(402'**8^4o6''4  F.),  and  whioli  ohiefly  oondeti  of  ootylio  aeeftate.  Kormal 
octylic  ethers  are  aUo  present  in  the  oils  from  uthtT  umbellifera,  such  as  ' 
If.  giganteum  and  Pustinaea  saliva  (comp.  IVIottlingcr,  Dcut.  chew.  Gex. 
her.,  ix.  098).  Tt  is  a  colourless,  oily  licjuid,  almoat  inftoluble  in  water,  of  the 
specific  gravity  '830  at  16'  (6o"''8  b\),  and  po»8etiites  a  peculiar,  penelratiug, 
aromatio  odour.  It  boils  at  196*— 197^  (384*"— 3S6°-6  F.).  On  oxidation,  it 
furniabes  n(wnial  oetylio  or  eapiytie  aeid,  CyH^.OOOH  (^wke^  A»m,  Cktm^ 
PAarm., cliL  I;  Renepse,  xhid.,  clxvi.  80). 

(1 45 1)  Primary ■hcsylmethylcarhlnol  .-  C,n„*.C(CH,)H.OH.  —  This 
alcohol  is  obtained  by  tbe  dry  diatillatioii  ot  castor-oil  80ap.  The  corresponding 
ketone,  methylhexylketone,  is  also  produced;  from  Nelson's  experiments 
(jQMim,  Ck0m,  Soe,f  ixnu  837),  it  appears  that  tbe  ratio  between  the  anuMint 
of  alcohol  and  ketone  depeii(l:>  upon  the  excess  of  alkaline  hydrate  and  the 
temperature  employed,  a  relatively  greater  yield  of  alcohol  l)eing  obtained  the 
higher  the  temperature,  and  the  j^reater  the  excess  of  alkaline  hydrate,  within, 
ol  course,  proper  limits.  A  soap  made  from  equal  parts  ol  sodium  hydrate  and 
CBstor-oiU  with  a  quantity  of  water  equal  to  about  one»feufth  the  weight  of  the 
.oil,  may  be  empk^ed,  and  distilled  in  quantitiee  of  100  to  200  gtaoimes  from 
a  copper  retort. 

ilcthylhexylcarbinol  is  a  mobile,  oily  liquid,  of  peculiar  aromatic  odour. 
Iiaving  the  specitic  gravity  "823  at  16°  (60°  8  F.) ;  it  boils  at  181" 
^357°'^  according  to  Neisou,  but  according  to  Bchorlemmer  at  I79°'5 
(35i^'i  F.)  {ibid.,  zxviii.  207).  YHm  oxidiied  it  famishes  methylhexylketoneb 
which  on  further  oxidation  is  converted  into  seetio  and  nonnal  caproic  acids  ; 
bromine  is  readily  dissolved  by  it»  bat  exerts  no  aetaon  iqion  it  at  ordinaiy 

teinpi'ratures. 

A  mixture  of  this  alo(^ol  with  the  primary  alcohol  is  obtained  from 
nonnal  oetane  by  ehlorination,  Ao.  (Sohoilenimer,  Aim.  Ckem,  Pitu^m.,  cUL 

By  distilling  hexylmethylcarbinol  wUh  Bneio  ehloridi^  combining  the  oetylene 
thus  obtained  with  hydriodic  acid,  converting  the  resulting  octylic  iodide 
into  acetate  by  digesting  it  with  argentic  acetate,  and  saponifying  this  acetate, 
De  Clermont  has  obtained  an  alcohol  boiling  at  174° — 178''(345*''2 — 352**'4  F  ), 
of  tbe  speeilic  gravity  *8ii  at     (32^  F.),  and  which  fbmishes  meihylhexylcar- 
binol  and  acetic  and  ciiproio  acids  on  oxidation  (i6t<i^  cxlix.  38;  Bull.  Soc. 
C'/ilni.  [2],  xii  ).     Unless  the  action  of  zincic  chloride  on  methylhexylcarbinol  is 
attended  with  isomeric  change,  there  can  be  little  doubt  that  the  oetylene  pro- 
duced is  a  methylamylethylene  of  the  formula  Cll  .CH~CH.C,H„",  and  this 
define  msy  be  expeiM  to  Ihmish  the  iodide  CHgXIHI.GH,.C.H„«  when 
eombined  with  hydriodis  add.   The  aleohol  prodaesd  in  the  manner  above 
deseribed  shoaldt  thertfiMe,  be  methylheiylesrbiiiols  but»  aeeording  to  De  Gbr-* 
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mont,  it  doed  not  agree  wUh  it  in  all  it  pioptrtiM,  aUhoagk  it  funialiM  the 

aame  oxidation  product.^. 

(1452)  P  ropy  Id  iethlycarhinol :  C,H^*.C(C,H  J,.OH,  18  prepared  from  butjric 
oUoride,  C.H,<'.C0€1,  aad  zincic  ethide,  bat  it  ha*  not  been  obtained  in  n  ilito 
of  pwi^.  Its  boiling  point  is  stated  to  be  between  145**  and  (^93^  ^ 
311°  F.)»  bat  the«e  numbers  are  probably  much  too  low;  on  oiiidatlWl  it 
jields  propionic  and  acetic  acids  (Butlerow,  Jahresb.,  1865,  461). 

(1453)  Higher  ILnnohjguea  of  Et hylic  Alrohol. — No  alcohols  of  known 
eODStitution  of  the  biglier  terms  of  the  series  have  been  artificially  prepared  iu 
n  state  of  purity.  What  is  probably  n  mixture  of  two  nonylio  idoohola  has 
been  obtained  from  petroleum  nonane,  and  diisoamyl  qipsars  also  to  furnish  a 
mixture  of  two  isomeric  decylic  alcohola  when  chlorinated,  &c.  It  is  stated 
{Deuf.  rhem.  Ges.  Ber.,  v.  479)  that  when  bromacetic  bromide,  CH,Br.COBr, 
is  submitted  to  the  action  of  zincic  ethide,  and  the  product  treated  with  water, 
a  decyHo  aloohol,  C„lI,,.OH ,  boiling  at  1 5 5"— 1 5  7°  (3 1 1  °— 3 1 4°-6  F.)  is  obtained. 
The  reaction  ii  apparentlj  of  an  altogether  abnornal  eharacter  and  requires 
explanation :  if  a  decylic  alcohol  is  reaUy  prodooed,  it  is  probably  the  tertiary 

We  have  now  only  to  ct)n8ider  the  three  remaining,  and  highest,  terms  of 
the  seiies,  which  are  derived  from  natural  products — viz.,  cetj/lic  alcohol  oreihalf 
C„H  OH ;  eerylie  aleokol,  C^H^.OH ;  and  MslMttr  tUcoiol,  C^H^.OH. 

Ce^lie  alcohol  is  prepared  from  spermaceti  by  saponification  either  by  boiUug 
it  with  an  alcoholic  solution  of  potassic  hydrate,  or  by  carefully  fusing  it  with 
potassic  hydrate ;  spermaceti  consisting  chiefly  of  cetylic  palmitate.  It  is 
purilied  by  crysUiUization  from  ether.  Cerylic  alcohol  is  obtained  in  a  similar 
manoer  from  Chinese  wax  or  eery  lie  oerotate.  Melissic  alcohol  is  obtained  by 
the  aetion  of  melting  potassio  hydrate  on  myrietn,  the  portion  of  bees-wax 
insofatUe  in  boiling  aloohol,  and  whi^  consists  chiefly  of  melisalo  pahnitate. 

These  alcohols  are  crystalline  waxy  solids,  insoluble  in  water,  but  soluble  in 
ether  and  alcohoL  Cetylic  alcohol  is  stated  to  melt  at  50°  (i 2  2*  F.),  and  to 
distil  unaltered;  cerylic  alcohol  melts  at  97^  (206  *6  F.),  and  is  partly  decom- 
posed into  water  and  cerotene,  C„H^,  on  distillation ;  molissio  aloohd  melts  at 
35*  (185"  F.),  and  is  also  partially  decomposed  on  dbtillation  into  water  and 
inelene,  C^H^^.  When  heated  for  some  time  with  potassic  hydrate  the«e  alcohols 
are  converted  into  the  potaisio  salts  of  the  oorresponding  acids  of  the  acetic 
aeries.  Hot  example : 

C„H„.OH    +    BLHO    -    C^H^FO,    +  2H,. 

OMfUaalflohoL  PrrtsMiit  wslmlf  lit 

Firom  this  bduvioor  they  wonld  appear  to  belong  to  the  primary  alcohols. 
At  present  no  otimr  reiotiona  are  known  which  tend  to  throw  light  npon  theur 
•onstttation. 

(1454)  In  order  to  facilitate  a  comparison  between  the  various 
lioraoloj'ous  and  isomeric  alcohols  of  the  ethvlio  scries,  thov  are 
chissificd  iu  the  following  tabic  in  groups  of  strictly  homolofi^ous 
compounds.  The  mean  boiliug  point  iu  ^  C.  is  given  ior  eacli 
alcohol  uuderAeatb  its  formula ; 
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CH^OH 


CH,.OH 
97'*4 
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CH.OH 
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CH,.OH 


CH.OH 
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C.H. 
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CU..OH 
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CH.OH 
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I90* 
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CH.OH 
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CH.OH 
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CH. 


CH,.OH 
157* 


CH.OH 

138' 
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CH.OH 
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C,H. 
135' 


C  H  * 
CH,.OH 


CH,.OH 
164* 


CH.OH 
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CH. 


CH.OH 
150* 
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CH, 
147* 


CA.* 

C,H  «  CH.OH 
I  1 
CH,.OH  CH, 
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CH.) 

chJcoh 

CH,  ' 


C.H, 


CH,  I  C.OH 

I02* 


CKCH,), 

CH.OH 

I 

CH, 


C,H. 
C,H. 
CH. 


C.OH    CH,    [COHCH,  C.OH 
CH-    )  CH.  ) 


I30 


C,H  * 
CH 
CH, 


CH.OH 

I  C,H,  L  C.OH 

CAi 
141- 


CH,  C.OH  CH, 
CH,   )  CH, 

130*  iSi^'S 


0(CH,),| 


C.OH 


C,H,  C. 

c.hJ 


C.OH 
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From  tills  table  it  will  be  evident  that  a  relation  exists 
between  the  boiling  points  of  the  homologous  alcohols  ;  but  this 
will  be  better  seen  on  reference  to  the  following  table,  which 


B.P.  JUL 

DiL 

B.P. 

DfC 

B^. 

Bir. 

B.P. 

ML 

KF.  UL 

as.  nc 

I9^o 

82^-8 

■ 

io8''4 

99'' 

8a*-5 

21' 

i3i''o 

120* 

104* 

I02* 

m 

• 

l8' 

i8» 

157  'o 

0 

X 

138' 

'35 

e 

M 

X 

120 

112  5 

M 

15' 

« 

175*5 

147" 

141* 

ISO** 

2l'*'0 

i8o* 

exhibits  only  the  boiliug  points  of  the  alcohols,  and  the  differences 
between  them.  In  the  series  of  normal  primary  alcohols  the 
difi'ereuce  between  the  boiling  points  of  two  successive  tenus  is 
in  most  cases  19° — 20°  C,  I9°'7  being  the  me^  difference  in 
this  group.  The  differences  between  sucoeasive  terms  in  the 
other  groups,  it  will  be  seen,  also  spproxiniate  more  or  less 
closely  to  this  number,  and  the  mean  of  the  23  differences  in 
the  table  is  19^*2;  hence  it  would  seem  that  a  difference  in 
composition  of  CH^  between  two  strictly  homologous  alcohols 
corresponds  with  a  difference  of  19°  to  20°  in  boiliug  point;  and 
it  is  the  more  probable  that  this  relation  obtains  since  the 
boiling  points  of  most  of  the  alcohols  have  been  detennined  only 
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approximately.    Usually,  only  small  quantities  of  material  have 
been  at  the  disposal  of  the  operators,  and  therefore  it  has  been 
impossible  to  completely  purify  the  alcohols ;   moreover,  the 
determinations  have  been  made  by  different  chemists,  employing 
different  instruments,  and  in  most  cases  merely  the  observed 
boiling  point  is  stated  without  correction.    It  is  remarkable  that 
whilst  the  difference  in  boiling  point  ])etwccn  successive  homo- 
logues  in  the  ethylic  series  of  alcohols  is  apparently  constant,  and 
the  same  in  each  group,  in  the  paraffin  series  of  hydrocarbons 
quite  a  different  relation  obtains ;  thus  we  have  seen  (p.  133) 
that  in  the  latter  scries,  the  increase  of  boiling  point  for  each 
difference  of  CH^  in  the  case  of  the  normal  paraffins  diminishes 
progressively  by  about  4*^  from  37**  to  about  19°  wheait  appears  to 
become  constant.  It  will  be  evident,  without  further  remark,  from 
the  table  on  the  previous  page,  that  if  the  relation  in  boiling 
point  between  the  homologous  alcohols  of  the  ethylic  series  here 
pointed  out  as  probable  actually  obtains,  the  boiling  points  of 
many  of  the  alcohols  are  at  present  very  incorrectly  determined ; 
for  example,  supposing  that  the  boiling  point  of  isoprimary- 
batylic  alcohol  is  1 08^-4      it  is  probable  that  131^  is  too  high 
a  boiling  point  for  the  homologous  isoprimary  amylic  alcohol, 
since  the  difference  between  the  two  numbers  is  no  leas  than 
Similarly,  if  82^*8  C.  is  the  boiling  point  of  isopropylic 
alcohol,  that  of  the  homologous  ethylmethylcarbinol  is  probably 
2^  or  3°  higher  than  99^,  since  the  diflRarence  between  the 
numbers  82^-8  and  99^  is  only  16^*2. 

(1455)  Haloid  jbenvaiive$  qf  the  AleohaU  qf  the  BthnUe 
Series.^'Very  little  is  known  in  regard  to  the  behaviour  of  the 
halogens  with  the  alcohols  of  the  ethylic  series ;  chlorine  and 
bromine  appear  to  enter  more  or  less  readily  into  reaction  with 
most  of  them,  but  it  is  doubtful  whether  iodine  is  capable  of 
directly  acting  upon  them. 

Chlorine  and  bromine  are  without  action  on  pure  methylic  alcohol  in  the 
cold  (Ilenrj-,  Deut.  chem.  Ges.  Ber.^  vi.  744;  Gr\m&\xx,  Bull.  Soc.  Chem., 
1874,  xxii.  24);  the  natare  of  the  products  obtained  on  heating  hoH  yet  to 
Iw  sMertaiiMd.*  To  judge  from  the  behaviour  of  ethylie  alcohol  and  tho  few 
obeemtmii  made  with  other  primaiy  alcohols,  the  firrt  aotion  aS  ehkmne  and 


♦  The  statement  on  p.  425,  that  chlorino  acts  with  great  energy  on  metlivlic 
alcohol,  ifl  apparently  incorrect.  It  waa  written  without  knowledge  of  Griniuux  «< 
experiments,  which  chow  that  Cloes't  obeemrfaons.were  made  with  an  impure 
alcohol  containing  acetone,  and  that  the  snbetanoes  he  obtained  were  deriTed 
from  the  latter,  the  so-called  purachloride  being  pentachlofaoetone,  C,HfC1^0,and 
parabromalide,  pentabromacetone,  C^HBr  O. 
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bromine  on  primary  alcohols  consists  in  the  displacement  of  one  of  the  atom8  of 
hydrogen  attached  to  the  carbon  atom  with  which  the  OH  gronp  is  a»^iated ; 
and  if  the  behaviour  of  isopropylic  alcohol  is  typical  of  that  of  secondary  alcohols 
generally,  the  tirst  product  of  the  action  of  halogenx  on  thes^e  alcohoU  is  formed 
by  the  displacement  of  the  atom  of  hydrogen  associated  with  the  carbon  atom  to 
whieh  the  OH  group  b  united.  The  monohaloid  deri?»ti7ee  thne  prodooed  nre 
so  unstable,  however,  that  they  cannot  be  laolated,  being  readily  resolved  into 
haloid  acid  and  an  aMehyd<>,  if  derived  from  a  primary  alcohol  j  or  into  haloid 
aoid  and  a  ketone,  if  derived  from  a  secondary  alcohol. 

The  continued  action  of  the  halogens  on  t)ie  primary  alcohols  doe^  not  lead 
to  the  displaoement  of  a  Moond  atom  of  hydrogen  in  the  OH,(OH)  group,  but 
chlorine  or  bromine  beeomes  introdnoed  in  place  of  hydrogen  in  the  radide 
associated  with  this  group.  In  the  case  of  ethylic  alcohol,  we  know  that  the 
whole  of  the  hydrogen  in  thin  radicle  may  be  displaced,  and  that  the  final  pro- 
duct of  the  action  of  chlorine,  for  example,  is  tiie  compound  CClj.CHCl.OH,  but 
we  have  no  knowledge  of  the  extent  to  which  hydrogim  may  be  displaced  in  other 
aloohola. 

From  the  behaviour  of  trimethyloarbinol  and  of  the  rto-called  amylene  hydrate* 
it  appears  that  the  tertiary  alcohols  may  either  furnish  haloid  derivatives  which 
are  more  or  les*  readily  resolved  into  water  and  haloid  olefine  derivatives,  or  they 
are  at  once  resolved  into  water  and  a  dihaloid  parullin,  the  elements  of  a  molecule 
of  water  apparently  being  duectly  split  off,  and  displaced  by  a  molecule  of  the 
halogen. 

Monohaloid  derivatives  of  alcohols  are  alio  obtained  by  the  comhination  of 
the  olefines  with  hypoehlorous  and  hypobromous  acids.  In  the  compound.^  .*o 
formed,  the  halogen  and  the  OH  group  are  always  attached  to  different,  although 
contiguous,  carbon  atoms,  and  as  compared  with  the  monohaloid  derivatives 
fimned  by  the  dimct  aotion  of  tiw  halogens  on  primary  and  secondary  aloohola, 
they  are  highly  stable  bodies.  Thus  monochlorethylic  alcohol  or  glyooUo 
chiorhydrin,  CH/'1.CH,(0H),  formed  by  the  union  of  ethylene  and  hypochloroiia 
acid,  is  a  colourless  Iquid  of  specific  gravity  i  '24  at  8°  (46''4  F.),  and  boile 
at  about  130  (266'  F.) ;  whilst  the  chloropropylic  alcohol,  (JH,.CUC1.CH,(0H), 
boila  at  about  128"  (262'' 4  F.).  Very  few.  hovmr,  of  thew  dlorbattd 
alcohols  have  been  {nropared  in  a  atato  of  parity  and  their  properties  de- 
termined. 

In  discn:«sin<;  the  law  which  regulates  the  combination  of  the  olefines 
with  hypoehlorous  acid  (p.  401),  we  have  stated  that  from  Henry  and 
MarkownikoflTs  experiments  it  appears  that  propylene  may  combme  with 
hypochloroas  aeid  in  tiie  two  ways  represented  by  the  IbUowing  equations : 

a.  CH,.ClI=CHj  +  C1.0H  =  CH,.CHC1.CH.0H. 
/3.  CH,.CUZZCH,  +  aOH  -  CH^CH(0H).CH,a 

The  fiist  espresses  the  manner  in  which  the  readaoo  occurs,  according  to  Henry ; 
whUst  the  second  represents  MarkownikoflTs  view.    The  eiperimental  evidenea 

from  which  these  very  opposite  conclusions  were  drawn  is  derived  from  the  study 
of  the  behaviour  of  the  product  on  oxidation.  Thus,  to  judge  from  the 
behaviour  of  propylic  and  isopropylic  alcohols,  a  chloiopropylic  alcohol  of  the 
formula  CH,.CHCLCH,(OH)  may  be  expected  to  furnish  tlie  aldehyde, 
C!H,.CHCLCOH,  on  oiidatioa,  and  on  farther  oxidation  this  shonld  yield  Iho 
chloropropionic  acid,  CHj.CHCl.COOH ;  hut  chbrinated  isopropylic  alcdiol» 
CH,.C]I(()H).CH,C1,  should  funiish  monochloracetone,  CH.  CO  CHJcI,  which  0« 
farther  oxidation  would  yield  acetic,  carbdnie,  and  bydnvblorie  iicids. 

By  oxidizing  the  product  with  chromic  acid  mixture,  JSdarkowuiJioir  obtained 
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a  body  of  the  composition  C,HjC10,  which  on  further  oxidation  furnishp<l  acetic, 
carbonic,  and  hydrooliloric  acids  ;  he,  therefore,  concluded  that  nioncK-hloraoetone 
wan  produced,  and  hence,  that  the  product  of  the  action  of  hypochlurouft  acid  ou 
propjlcM  Hm  ehloriiiiitod  aloobol,  CH,.CH(0H).CH,C1.  Heniy,  howevw, 
fboad  thai  wImb  nitrie  arid  wm  emp4oj«d  w  oiidizing  agent,  the  produet  mm 
•flOOTerted  into  the  chloropropionie  add,  CH^-CllCLCOOH,  thus  proving  ap- 
jarently  that  it  had  the  cont^titution  expremied  by  the  formula  C1I,.C1IC1.C1I,(UH). 
Henry's  more  recent  experimetits  {Deui.  chem.  Gts.  Dev.,  ix.  960,  1034)  show 
.that  the  different  results  obtained  by  Markownikuil'  and  himself  are  probably 
doe  to  the  employnieDt  of  a  diffemit  (nidiiing  agent  Thua  be  finda  that  the 
chloropropionie  acid,  CH,.CHCl.COuH,  is  oxidized  by  chromic  acid  to  acetic  and 
carbonic  acidn ;  the  formation  of  these  latter  bodies,  therefore,  does  not  prove, 
ai«  Markow II ikofT  supposed  it  did,  that  the  compound  rjH^ClO,  which  he  obtained, 
was  mouochloracetone,  and  not  the  isomeric  chloropropionie  aldehyde.  The 
Aleohol.  CH,.CII(OH).CH,CI,  which  Oppenbeim  obtained  bj  the  action  of  aol- 
j^uxie  add  on  *diloropropjlemoc  aUylio  dikmde  (p.  304),  when  oiidiiad  by 
nitrie  acid  yields  cubonic  and  monochloracetic  acid,  CII^Cl.COOH,  but 
chromic  acid  produoea  a  amali  quantity  of  monochlonoetooe  with  acetic  and 
carbonic  acido. 

Hence  it  would  seem  that  the  action  of  hypochlorous  at'id  on  the  olefines 
doea  not  vary,  b«t  that,  aa  in  the  caae  of  the  babid  add«,  ita  mora  negative  ecm- 

atituent  chlorine  enten  into  onion  with  the  least  hydrogenized  carbon  atom  in 
the  olefine,  the  less  negative  radicle  Oil  combining  witli  the  contiguous  carbon 
atom  previeoaly  united  by  two  affinities  to  that  with  which  the  chlorine  becomes 
■associated. 

Two  other  methods  of  obtaining  cliloro-  and  bromo-  deri- 
vatives of  jdcohols  of  the  ethylic  series  remain  to  be  mentioned. 
The  first  consists  in  acting  upon  poiyhydric  alcohols  derived  from 
paraffins  with  the  haloid  acids.  Thus  glycol  is  oonverted  by 
bydrocUoriti  acid  into  a  monochlorethylic  alcohol : 

CH,(OH).CH,(OH)  +  HCl  =  CH,C1.CH,(0H)  +  OH^ 

OipoL  OdoNlivMeeleohQL 

and  in  a  similar  manner  glycerin  fiinuahes  a  dichlorisopropylic 
alcohol : 

CH^0H).CH(OH).CH,{0H)  +  aHQ     CH,C1.CH(0H).CII,01  +  aOH,. 
aijroerio.  Di^lorisopropjlio  slooboL 

The  chlorinated  alcohols  so  prodnced  are  nsnally  termed  eKhr^ 
hydrmij  and  the  corresponding  bromo-derivatives  hromhydrins ; 
since  the  halogen  and  OH  are  associated  with  different  carbon 
atoms :  they  are  stable  compounds. 

The  second  method  consists  in  combining  allylic  alcohol  with 
halogens.  Tbns,  when  combined  with  chlorine  it  forms  a 
diciiloropropylic  alcohol : 

CHjUCH.CHj^OH)  +  CI,  =  CH,a.CHCLCH^OH). 

myfleaMMl.  MtonvMpgrllealnhoL 
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§  II.  MoNOHTDUC  Alcohols  of  the  CnH2o_i.OH  ob  Allyuc 

!Sehi£8. 

Only  three  alcobols  of  this  series  are  at  present  known  to  ns : 

Allylic  alcohol,  C3H5.OH,  dimethylallylcarbinol,C^ll^.C{CIl^]yOU, 
and  mtnthylic  alcohol  or  menthol,  C,f,Hjg.OH. 

(1456)  Ally/ic  Alcohol:  C,H-.OH  or  CIl— CH.CH^(OH).— 
This  alcohol  has  only  been  artilicially  produced,  but  two  of  its 
derivatives  may  l)e  obtained  from  natural  sources — viz.,  allylic 
sulphide,  (C.jlI.),S,  ^vhich  constitutes  oil  of  garlic,  and  mustard 
oil  or  allylic  isotliiocyanate,  C3H..NCS.  To  procure  the  latter, 
bruised  bhuk  mustard  seed  is  niariTated  for  some  hours  with 
water,  and  the  mixture  then  distilled  ;  it  is  formed  by  tlie 
decomposition  of  the  ])otiussic  salt  of  an  acid  termed  myronio 
acid  under  the  influence  of  a  ferment  present  in  the  seed,  the 
potassic  myronate  being  resolved  into  allyJic  isothiocjauate, 
dextroglucose  and  hydric  potassic  sulphate : 

CijHigKNSjjOjo  =  CjHj.NCS  +  C^H^Oj  +  KHSO^. 

Allylic  alcohol  is  prodnced  when  acrolein  or  acrylic  aldehyde, 
C,H^O>  is  submitted  to  the  action  of  sine  and  hydrochloric  acid 
(Linnemann;  Claos^  Deut  ehem.  Ge$,  Ber.,  iii.  404).  It  may  be 
obtained  from  the  allylic  iodide  from  glycerin,  which  for  this 
]Hir])08e  is  converted  into  allylic  oxalate  by  treatment  with 
argentic  ozalatCj  and  the  oxalate  so  produced  decomposed  by 
ammonia  gas : 

COOC-H.  CO,NH. 

I  +  aNH,  =   1  +  aC,H,.OH. 

All/lic  oxalate.  Oiamide.  AUjrUc  atoubol. 

Allylic  alcohol  is  now  always  prepared,  however,  according  to 
Tollens  and  Henninger's  method,  by  heating  glycerin  with 
oxalic  acid  {Ann,  Chem,  PAarm,,  clvi  134).  In  this  process,  the 
oxalic  acid  is  decomposed  on  heating  into  carbonic  anhydride 
and  formic  add:  Hs,C20^=C02+H.COOH ;  the  latter  entering 
into  reaction  with  the  glycerin,  produces  an  acid  glyceric  for- 
mate or  monoformiii,  which  on  distillation  is  resolved  into 
allylic  alcohol,  water  and  carbonic  anhydride : 


* 
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CH,.OH  CH,.OH 

CH.OH  +  HGO.OH  =  CH.OH  +  OH,. 

CH,.OH  CHyO(HCO) 


CH^OH).CH(0H).CH^O.H00)     CH,(OH).CH=iOH,  +  CO.  +  OH,. 
G^yoirio  mooofcnMta,  AUTUsaloohol. 


Hie  xnixtore  of  4  pU.  of  gl  jceria  and  i  pt  of  <nalie  teid  !•  bfiated  in  a 
f«tort  pcovidad  with  a  tharmometfr  and  conoerted  with  a  condenaw,  the  reeeiver 
\jtang  changed  when  the  temperature  rises  to  195'  (3^3°  ^*)$  ind  the  distills 

tion  continued  from  that  point  to  260°  {500°  F).  The  presence  of  an  alkaline* 
metal  salt  in  the  oxalic  acid,  unless  of  a  stronger  acid,  greatly  intorff  res  with  the 
production  of  the  alcuhol,  and  appears  to  promote  in  a  remarkable  luauuer  the 
deeonpoBtiaa  of  the  fbrmie  aoid  bto  carbonio  oxide  and  water ;  therefore,  when 
ooounereial  oxalio  add  is  employed,  about  half  a  per  cent,  of  sodic  chloride 
and  a  quarter  to  one-half  a  per  cent,  of  anunonic  chloride  is  added.  If 
after  heatin^^  to  260°  (500^  F.)  the  liquid  has  still  an  alkaline  reaction,  too 
little,  but  if  the  glycerin  darkens  much  on  heating,  too  much  ammonic  chloride 
ia  preaent.  If  the  iteration  be  aaooeiafal  a  peeoliar,  aomeirhat  irritating,  but 
hi^ily  dnraeterifitic  odour  ia  developed,  and  oily  atreaks  appear  in  the  neek  of 
the  retort;  if  these  indications  are  not  obs  rved  when  the  temperature  has  ritiet 
to  215** — 220"  (419" — 428®  F.)  a  small  quantity  of  ammonic  chloride  is  added. 
The  distillate  is  a  mixture  of  allvlic  alcohol  with  water  and  some  allvlic  Ibrinute, 
glycerin  and  glyceric  ally  lie  ether,  Rometimes  with  much  acrolein.  The  excess 
of  glycerin  mnaining  in  the  retort  aervea  to  convert  frenh  qoantitiea  of  ozalie 
nod.  To  obtain  the  alcohol  the  distillate  is  rectified  until  oily  drope  00  looger 
separate  on  the  addition  of  potassic  carbonate  to  the  liquid  which  passes  over ; 
this  is  usually  the  case  when  the  thermometer  n*gi.sters  about  105°  (221^  F.). 
The  crude  alcohol  is  separated  from  this  distillate  by  the  addition  ot  potassic 
earbonate,  it  k  then  dried  over  potaaaio  carbonate,  aUowed  to  atand  Ibr  24  houft 
in  eontaot  with  5  to  10  per  cent,  of  pdveriaed  potaraic  hydrate,  xeetilied  and 
freed  ftom  the  last  traces  of  water  by  digestion  with  anhydrous  baryta.  In  thia 
manner  an  amount  of  allylie  aleoliol  may  be  obtained  eqoal  to  about  20  per 
cent  of  the  weiirht  of  the  oxalic  acid  employed. 

Allvlic  alcohol  is  a  colourless  li(jiiid  of  sharp  irritating  odour, 

miscible  in  all  proportions  with  water;    it  boils  at  96° — 97° 

(204°  8— 2o6^"6  F.),  and  at  0°  (32°  ¥.)  has  the  specific  gravity 

•8709.    When  cooled  to  —50®  (—58°  F.)  it  solidifies.    It  is  oon« 

Terted  by  nascent  hydrogen  into  propylic  alcohol,  but  the  con- 

▼enion  is  only  imperfectly  effected  by  the  employment  of  either 

nodium  amalgam  and  water,  or  zinc  and  hydrochloric  or  salphuric 

add ;  the  tendency  to  combine  with  hydrogen  appears^  however, 

to  be  far  greater  in  acid  than  alkaline  solutions  (Linnemann, 

Dent,  chem,  Gea,  Ber.,  vii.  854).    When  allylic  alcohol  is  heated 

with  solid  potassic  hydrate  it  also  fnrnishes  propylic  alcohol,  but 

the  reaction  is  complicated  by  the  ocenrrence  of  secondary 

reactions,  as  besides  oily  substances,  ethylic  alcohol,  formic  acid, 

and  probaUy  propionic  add,  are  produced.    The  mixture  of 

8  B  H 
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equal  weights  of  the  two  mibstances,  placed  in  a  flask  attached  to 
a  condenser,  is  heated  in  an  oil  hath  :  the  reaction  commences 
at  ahout  ioo°  (21a®  F.)>  and  hy  the  time  that  the  temperature  of 
the  bath  has  been  carefully  raued  to  155°  it  is  almost  complete 
(ToUena,  Ann.  Chem.  Pharm.,  clix«  92).  In  the  purification  of 
the  crude  alcohol  from  glycerin,  it  is  on  this  account  ncces. 
sary  to  avoid  heating  with  potasuc  Iiydrate.  On  adding  allylic 
alcohol  to  an  oxidising  mixture  of  dilute  sulphuric  acid  and 
potaaric  dicbromate,  a  powerful  odour  of  acrolein  is  developed 
and  carbonic  anhydride  escapesi  but  on  afterwards  distiUing  tbe 
liquid  only  formic  acid  is  obtuned;  with  nitric  acid^  formic  and 
oxalic  acids  are  produced. 

Allylic  alcohol  readily  exchanges  OH  for  d,  Br  or  I  when 
submitted  to  the  action  of  the  baldd  acids  and  haloid  phospbonu 
compounds^  and  it  reacts  with  sulphuric  add  to  form  hydric 
allylic  sulphate,  CjHg.HSO^;  sodium  dissolves  in  it  with  evolu- 
tion of  hydrogen,  producing  sodic  allylate^  C^jIIg  ONa^  Allylic 
alcohol  in  this  respect  resembles  the  alcohols  of  the  etbylic  series, 
but  it  differs  from  them  by  combining  directly  with  chlorine, 
bromine,  cyanogen,  &c.,  forming  the  compounds  CgHgCl^.OH, 
CjH5Br2.0H  and  C3Hj(CN),.0H.  The  alcohol  is  readily  repro- 
duced from  its  compounds  with  the  halogens  by  the  action  of 
nascent  liydrofjen,  but  it  then  contains  traces  of  propylic  alcohol 
(Linnemaiin,  loc.  cit.).  The  eompound  with  brouiiiic  yields  di- 
bromopropio/iic  acid,  (' JI.,lir,.(JO()II,  on  oxidation  with  iiilric  acid. 

The  constitution  of" allylic  alcohol  has  recently  been  the  subject 
of  much  discussion,  with  the  result,  however,  that  chemists 
generally  now  regard  the  formula  CH2~CH.CH„(0H)  as  the 
only  one  by  which  its  reactions  can  be  satisfactorily  expressed. 
The  alternative  formula  CII,.CMllI  CII(OH)  would  require  tbe 
formation  of  acetic  acid  on  oxidation  ;  moreover,  the  supposition 
of  tlie  existence  of  the  CH^  gronp  in  allylie  alcohol  is  alto^'cther 
irreconcilable  with  the  facts  that  allylic  bromide  combines  with 
l)rominc  to  form  a  trihromopropane  identical  with  the  so-called 
tribromhydrin  from  glycerin,  and  that  when  allylic  bromide  is 
combined  with  hydrobromic  acid  it  furnishes  a  dibromopropaue 
(p.  160),  which  is  not  identical  with  ordinary  propylene  bromide, 
CU,.CHl}r.(:iI„Br,  but  has  a  higher  boiling  point  (oomp.  Wis- 
lioenus,  Ann,  Chem.  PAorm.,  dxvi.  45 ;  Tollens,  ibid.,  clxvii.  357). 

(1457)  AUi/Mimetfii/lcarhinol :  C,H,.C(Cn,),.OH,  is  produced  by  the 
action  of  sine  on  a  misture  of  allylio  iodide  and  dioiethj  iketone,  and  aabie* 
quently  treating  the  product  with  watar;  it  boils  at  119*  (246**2  F.)  (Si^tseff, 
Dent,  ekem.  Get.  B^r.,  it,  33). 
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(1458)  MenthijlU'  Alcohol  or  Menthol:  (\ JIj^.OII,— This  suLbUnce  i» 
deposited  in  crystals  when  essential  oil  of  jiepperiiiint  is  cooled  to  a  low  tempera- 
ture; it  \»  now  imported  iu  large  quantitieu  from  Japan.  The  Japanese 
camphor,  Meordtng'to  Beckett  and  Wright  {Jcmm.  Ckem,  8oe,,  ixiz.  i), 
etprntet  from  a]ooh<4  m  an  oil  which  cryittallizes  on  exposure  to  air;  tho 
er^tala  melt  at  42°  (loy^'C  F.)  and  boil  at  212''  (4i3°"6  F.) 

Menthol  \»  but  slightly  soluble  in  water,  but  imparts  to  it  a  sfrontj  fragrant 
aromatic  smell  and  taste ;  it  is  very  soluble  in  alcohol,  ether,  and  oils,  but  iu- 
•oiiiliit  b  aqoeooa  alkaBas.  It  eryetalUiee  fkom  ao  akohoUe  eoltitioK  d*  eodio 
liydfale  in  long  needles.  It  is  oooTerted  into  the  cxmpoiuid  C,,H,C1  or  men- 
tbjlic  chloride  when  heated  for  a  eonaiderable  time  wHh  a  eonemtrated  solotioii 
of  hydriKlilt  rlo  acid,  or  by  phosphoric  pentiicldurido  ;  corresponding  bromine 
and  iodiiio  compounds  are  formed  by  the  action  of  tiie  bromide  and  iodide  of 
phosphorus.  Sodium  acts  very  energetically  upon  menthol,  with  evolution  of 
hydrogen.  When  dietiUed  with  luoiodikride it  yieUb  manthene,  0^,11^,(1258). 

§  III.  MoNOHYDRic  Alcohols  of  the  C^Hj^.j.OH  and 

C.H^_6.0H  Series. 

(1459)  The  lowest  term  of  the  C^HtB-a-OH  series  is  propar- 
pffUe  akohol,  C,H,  OH.  Probably  some  of  the  oiidised  oUs  of 
the  composition  C^H^O  which  accompany  terpenes  in  the 
essential  oils  of  various  plants  are  members  of  this  series — ^ris.^ 
bodies  such  as  dtrontUol  from  the  essential  oil  of  dtronella 
{Jndropogon  Sehtmanthus),  oMnihol  from  oil' of  wonnwood>  and 
cttfeputol  from  oil  of  cajeput.  At  present^  however,  we  are 
almost  entirely  unacquainted  with  the  properties  of  these  bodies. 

Similarly,  myristieol,  C^oll^fi,  from  oil  of  nutmeg,  is  probably 
aa  alcohol  of  the  CQH2a_6.0H  series,  since  it  exchanges  OH  for 
CI  when  submitted  to  the  action  of  phosphoric  pentachloiide 
(Wright,  Chem,  56c.  Joum.,  xxvi.  687). 

(1460)  Proparffylic  AkcAol :  C3II3.OH  or  CH^C.CH2(0H). 
— ^To  prepare  this  alcohol,  bromallylic  acetate  (p.  206)  is  sapoui- 
fiL'd  by  treatment  with  solid  potassic  hydrate  at  ordinary  tcmpc- 
rulurcs,  or  by  distillation  from  pieces  of  sodic  hydiuLt;;  it  is  thus 
converted  into  bromallylic  alcohol  : 

CH^Br.CH,(CA«:g  +  KHO  «  CH^Br.CH,(OH)  +  KC,H,0^ 
BMuQ^aottete.  Bromafljlk  iIooImL 

•wliieli  is  a  colourless  tnobile  liquid  of  pleasant  odour,  boilinj^  at 
155°  (311°  (Henry.  Dent,  cfuin.  Gcs.  Ber.,  v.  453).  AVheu 
heated  with  the  necessary  quantity  of  potassic  hydrate  and  a 
small  quantity  of  water  it  is  converted  into  propargylic  alcohol : 

CH;i:CBr.CH,(OH)  +  KUO  «  C11==C.CH,(0H)  +  KBr  +  OH^ 
BnmaU  jBo  alsukoL  PrapugirUo  alnhol. 

Propargylic  alcohol  is  a  colourless  mobile  liquid  of  pleasant 

H  H  2 
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odonr,  foluble  m  water;  itboUsat  114° — 115°  (237°-a— 239^ F.), 
and  at  21**  {6(f'8  F.)  has  the  specific  gravity  '96.    It  exhibits  tlie 

property  so  characteristic  of  many  of  the  hydrocarbons  of  the 
acetylene  series  of  forming  metallic  derivatives.  Thus,  when  it 
is  added  to  an  ammoniaeal  solution  of  cuprous  chloride  a  canary- 
yellow  coloured  precipitate  of  the  composition  (Cgllg.OHj.Cu, 
is  thrown  down,  and  a  white  precipitate  of  the  composition 
CglToAg.OII  is  produced  when  it  is  added  to  an  ammoniaeal 
solution  of  arj^entic  nitrate  j  these  suhstanees  burn  explosively 
when  ignited.  "When  the  alcohol  is  heated  with  potassic  hydrate 
it  readily  furiiisbea  acetylene,  hydrogen,  and  potassic  formate : 

CH:hC.CH^(OH)  +  KHO  =  HC=CH  +       +  H.COOK. 

Propargylic  alcohol  combines  readily  with  bromine  and  with  the 
haloid  adds,  so  that  its  haloid  derivatiyes  cannot  be  produced  by 
the  action  of  the  latter  on  the  alcohol ;  they  are  obtained,  how- 
ever, by  acting  upon  it  with  the  haloid  phosphorus  compounds. 
Propargylic  chloride  or  monochloraUylene,  CH^CCHgCl,  ia  a 
▼ery  mobile  liquid,  of  extremely  pleasant  odour,  insoluble  in 
water;  it  boils  at  6f  ^149^  P.),  and  at  5^  (41^  F.)  has  the 
specific  gravity  1*0454.  The  bromide,  CH==C.CH|Br,  boils  at 
88**— 90®  (190°  4— 194°  F),  and  at  (Si**'S)  has  the  specific 
gravity  1*59  ;  it  combines  with  bromine,  forming  the  compounds 
CHBr— CBr.CHj|Br  and  CHBr,.CBr,.GH,Br,  which  cannot  be 
distilled.  The  iodide,  CH=C.CHgI,  is  a  white  crystalline  sob- 
stance,  which  melts  at  about  49°  (1 20^*2  F.),  but  cannot  be  dia- 
tiiled  (Henry,  ibid.,  v.  570 ;  vii.  761  ;  viii.  398). 

(1461)  Diallylmeihylcarhinol :  CH,.C(C,IIj)j.OJl,  is  produced  by  the  action 
of  zinc  on  a  mixture  of  allylic  iodidftandctliylie  awtate,  and  treating  tlie  product 
with  water;  it  boils  ^  i^f  (3i4''*6  F.)  (Saytaeff,  ibid.,  is.  34). 


§  IV.  MoNOHYDBic  Alcohols  of  the  C,|H|||_gkOIi  SsniEa. 

These  alcohols  bear  the  same  relation  to  the  hydrocarbons  of 

the  benzene  series  that  the  moiiolivdric  alcohols  of  the  cthvlic 
series  bear  to  the  paniffins.  Ikit  the  scries  inchides  two  groups 
posspssinj;  veiy  dissimilar  j3ropcrtic's :  the  so-called  phoiols  or 
alcohols  derived  from  hydrocarbons  of  tlic  benzene  scries  by  the 
displacement  of  an  atom  of  hydrogen  in  the  Cg  group  by  the 
group  OH  ;  and  the  compounds,  which  for  want  of  a  better 
name  may  be  called  alcohols  of  the  btfiizylic  series,  formed  by  the 
displacement  of  hydrogen  in  the  so-called  side-chain  of  the 
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hydrocarbon.  The  two  classes  of  alcohols  are  represented  by  the 
following  general  fbrmults : 


of  bwKneMriet. 

Each  of  these  groups  of  metameric  compounds  may  include 
munerons  isomerides.  Like  the  hydrocarbons  firom  which  they 
are  derived,  these  alcohols  exhibit  the  behayiour  of  saturated 
conipoiinds,  bat  to  a  far  more  pronounced  extent,  as,  so  far  as 
we  are  at  present  aware,  they  do  not  under  any  circumstances 
furnish  stable  additive  compounds.  In  their  general  behaviour 
the  alcohols  of  the  benzyUc  series  very  closely  resemble  the 
alcohols  of  the  ethylic  series,  but  the  phenols  possess  totally  dis- 
tinct  properties. 

(1462)  The  following  monohydrie  aUx^oIs  deriTed  from  hydro- 
carbons of  the  bensene  series  are  known : 


C,H.O 


PImdoI  or  Oiybeiiieiis  

/  Beniylic  alcohol  or  Phenylcarbind  .    .  , 

J  ParacTt'sol  or  Paroxymethylbenzene  .    .  ,\ 

J  Metacre:*ol  or  Metoxymethyl benzene     .  .  > 

VOrthocresol  or  Orthoxymelhylbenzene  .  .) 

Paratolylic  alcohol  or  Tolylcarbiuol  .  . 
Primary  pbeuyletbylic  alcohol  .... 
Seoondaiy  pheDylethylie  aleohol  or  Mothyl- 


c.h,.ch;,(oh)" 

CH,.C,H^.OH 

CH,.C\H^.CnjOH) 


182^ 

207" 

198' 

200' 

186" 

217' 

212* 


203' 

c 

212* 
220' 


phfnylcarbinol  '  •  GH^CH(0,HJ.OH 

Metaxc'iiol  or  Oxyinetadimethylbenzcne     .)         .  ^  ^ 
Xenol  (liquid)  (?)  OxyparaJiinetliylbenzene  j  ^     »  *  •  »' 
Ethylphenol  (solid)  (?)  Paroxy ethyl  benzene  ] 
Ethylphenol(li(iuid)(?)Orthoxyethylbenzene  V  C,H,.CJl^.Ofl 
Phloral  QzyethylbenMne  ) 

/Primaiyplienylpropylioaloohal.    .    .   .  C,H,.CH,.CH,.CH,(OH)  235 
C  H  O  J  Secondary  phenjlpropylic  alooliol  or  BUiyl- 

•    "     \      phenykarbinol   C,H,.CH(CMl  J.OH 

(.Meuitol  or  Uxynusitylene     .....  (CH,)jC. II.  ()H 

'  Cumlnylic  alcohul  C,H^C^,.CH,(OH> 

Secondary  pheuylbutylic  alcohol  or  Propyl- 

phenylcarbinol  C,H,.CH(C,H,).OH 

Thymol  or  a-Oxypamnethylpropylbeiaem  1    h  (OHi  i 
^CSurTaerolor/}-OzypanmolJiylpropylben»iie/  l^A 

C^H^O    Sycoceiylio  alcohol  C„H..OH 


210 

P 

230» 


*  The  Tahie  of  m  may  be  o,  and  cannot  exceed  6 ;  vhera  there  are  seTcral 
Ca^ta  I  groupa  in  the  hydrocarbon  n  amj  have  the  asme  or  a  diifisrent  vain* 
ia  each. 
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(1463)  Methods  of  PrqMirinff  Phenols. — ^The  phenols  cannot 
be  obtained  from  the  mono-haloid  derivatives  of  the  hydrocar- 
bons of  the  beosene  series  in  which  the  halogen  is  associated 
yvith  the  group,  potassic  hydrate,  argentic  acetate,  &c.,  being 
entirely  without  action  on  tliese  compounds;  but  they  are  pre- 
pared by  a  method  which  in  principle  is  the  same  as  that  by 
irhich  the  alcohols  of  the  ethyJic  scries  are  formed  from  the 
para£Bns.  This  consists  in  converting  the  hydrocarbon  by  the 
action  of  concentrated  snlphnric  acid  into  a  mono-solpfaonic  acid, 
and  carefnlly  fusing  the  potassic  salt  of  this  acid  with  aboot 
twice  its  weight  of  potassic  hydrate ;  thus : 

C,H,    +    H,SO^    =    C„H,.SOJI     +  OH,. 

BenuiM.  BeosenMnlphoaie  acid. 

C.Hj.SOaK  -I-  KHO  =    CjHj.OH    +  K^O,. 

FolMrfelMnMMaalplMNMlt.  PImooL 

The  oi)erati{)n  is  one  rpquiring  p^ent  rnvp.  and  the  amount  of  phenol  produced 
is  always  much  bduw  tlie  theoretical  quuntily.  The  i'uiiiun  ivhould  be  conducted 
at  M  low  a  temperature  as  poMihle  in  a  silver  or  iron  diah,  and  the  maae  eoa- 
atantly  stirred  in  order  to  avoid  Sfloondary  reactions;  the  heating  is  continued 
until  it  is  ascertained,  by  taking  out  small  portions  from  time  to  time  and  adding 
acid,  that  the  amount  of  phenol  lurmi'd  doe^  not  increase.  The  phenols  are 
obtained  by  dissolving  the  iused  muss  iu  water  and  super.saturatiug  Uiu  solution 
with  hydrodikrio  or  inlphnrio  aoid  1  the  oil  which  rises  to  the  aarfaoe  may  eaaiiy 
be  sepaFBtedf  bnt  aa  most  of  the  phemds  are  adiahle  to  aome  extent  in  water, 
the  solution  should  be  agitated  with  ether  to  extract  the  dissolved  phenol.  la 
order  to  free  the  crude  phenol  from  the  acids  with  which  it  is  frequently  con- 
taminated, and  which  are  produced  by  the  oxidixinjjj  action  of  the  potassic 
hydrate,  it  is  shaken  with  a  saturated  solution  oi  ammonic  carbonate,  by  which 
the  adda  are  dissoWed.  It  is  then  often  adnaable  to  distil  the  phenol  in  a 
■earrent  of  steam  before  it  is  finally  purified  by  dbtillation  alone.  On  account 
of  their  high  boiling  points  the  phenols  can  usually  be  dehydrated  hy  simple 
distillation  ;  it  is  seldom  desirable  to  employ  desiccating^  a^^ents,  but  exposure  o%  er 
sulphuric  acid  iu  v;icuo  may  be  advautageously  resorted  to  iu  some  iustaooes 
as  a  means  of  removing  the  water. 

The  second  general  method  of  preparing  phenols  is  similar 
in  principle  to  that  by  which  the  alcohols  of  the  ethylic  series 
are  prepared  from  the  corresponding  amines.  The  hydrocarbon 
of  the  benzene  series  corresponding  to  the  phenol  required  i« 
converted  by  the  action  of  concentrated  nitric  acid  into  the 
mononitro-derivative,  which  is  then  reduced  by  tin  and  hydro- 
chloric acid,  or  some  other  suitable  reducing  agent,  to  the  amido- 
derivative  or  amine ;  a  salt,  usually  the  nitrate,  of  this  amine 
is  then  submitted  to  the  action  <k  nitrous  acidj  being  for  this 
purpose  either  suspended  or  dissolved  in  anhydrous  alcohol ;  the 
diazo»nitrate  thus  produced  is  converted  by  treatment  with  tal« 
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pburic  add  into  the  oonespoiiding  aulphate^  and  finally  tliia  salt 
it  decomposed  by  heating  with  water.    For  example : 

C,Hg    +    HNO,    =    CeH,.NO,  +  H,0. 
CeH,.NO,  +  3H,    s    C,H,,NH,  +  aH,0. 


AiiiiiiulH:DZ«.-ne  mlriitt-,  I>i  zobi'uzeuc  uitrate. 

C,H..N3{HS0,)   +  OH,   =  Cell^OH  +  N,  +  H,SO^, 


A  third  method  of  obtaining  phenols  is  by  distilling  oxy^ 
meids  such  as  salicylic  acid,  CgH^(()II).COOH,  and  oxyuvitic  acid, 
CHj.CjHj(OH)(COOH)2,  with  lime  or  baryta,  and  thereby  ab- 
stracting the  elcmeutd  of  one  or  more  mulcculcii  of  carbonic 
anhydride. 

m 

(1464)  Methods  of  Preparing  Alcohols  of  I  he  Btnzylic  Series. 
— There  are  three  methods  of  geiiural  application,  which  are 
precisely  analogous  to  those  by  which  alcohols  of  the  cthylic 
series  arc  prepared:  1.  The  monohaloid  derivatives  of  the 
hydrocarbons  of  the  benzene  series  prepared  by  the  action  of  the 
hulogeuii  ou  the  heated  hydrocarbons,  that  is  to  say,  those  which 
contain  the  halogen  in  the  side-chain,  are  converted  by  treatment 
with  potassic  acetate  into  the  corresponding  acetate^  which  is 
then  saponified ;  thus : 

q,H,.CH,a  +  KC,H,0,  =  C^Hj.CHjCCjHjOj)  4-  KCL 

BavyHoaUarida.  BaqrUe  Mttate. 

CgHj.CHjlCjHjOJ  +  KliO  =  C,n,.CH,(OII)  +  KCjH,0,. 

B«mUc  tcctate.  fi«iuyrUo  alcohol. 

2.  The  aldehydes  of  the  benzoic  seriea  are  heated  with  an  alco- 
holic solution  of  potassic  hydrate;  a  portion  of  the  aldehyde  is 
thus  converted  into  the  corresponding  acid  of  the  benzoic  series, 
and  the  hydrogen  which  this  transformation  furnishes,  converts 
another  portion  of  the  aldehyde  into  the  alcohol.  In  thia 
manner  only  primary  alcohols  are  formed.  For  example : 

CgH^.COII  +  KHO  =  CgH,.COOK  +  11^ 

Beozoie  aldehyde.  PoLaHic  bcnzoate. 

C^Hj.COH  +  H,  =  C,H,.CH,(OH). 

3.  Lastly,  secondary  alcoUuhi  of  the  bcuzylie  series  are  pro- 


Digitized  by  Google 


472 


iLMX>H0L8  or  VRM  C^R^^yOB.  SBBIIS. 


duoed  by  the  action  of  nascent  hydrogen  on  the  ketones  of  the 
form  C«Hjj._7,C0.C,H^+i ;  thns : 

CjE^mCH,  +  H,  =  C,H,.CH(OH).CH,. 

MMMpkMljlkilOBiL  MMvlviMvMiML 

(1465)  General  Properties  of  the  Phenols  and  Alcohols  of  the 
Benzylic  Series. —  i.  The  haloid  acids  arc  without  action  upon 
the  pliciiols,  but  rcndily  convert  the  alcohols  of  the  benzylic  series 
into  the  corresponding  haloid  hydrocarbon  derivatives  : 

CeH5.CH,(0H)  +  HQ  »  C^H.-CHjCl  +  OH^ 

The  corresponding  haloid  derivatives  may  be  obtained  from  the 
phenols,  however,  by  the  action  of  phosphoric  pentachlonde  or 
pentabromide : 

CJL  OH  +  PCI5  =  C,n,Cl  +  POCI3  +'  HCL 

The  phosi)lioric  oxychloride  thus  produced  at  once  acts  upon 
another  portion  of  the  phenol  farming  the  corresponding  phos- 
phate : 

PQCl,  +  3C.H,.0H  =  PO(OC,H,),  +  3HCL 

FImmL  PlMlvllopliOipllMtft, 

2.  The  plienols  readily  dissolve  in,  and  enter  into  reaction 
with,  concentrated  sulpliuric  acid,  forming  sulphonic  acids,  but  the 
alcohols  of  the  benzylic  series  are  resinified  by  treatment  with, 
the  concentrated  acid: 

CeHj.OH  +  HgSO^  =  CgH,(0H).S03H  +  OH,. 

3.  On  oxidation,  the  alcohols  of  the  benzylic  scries  behave 
precisely  as  the  alcohols  of  the  ethylic  series,  the  CH^.OH  group 
of  the  primary  alcohols  being  oxidized  to  COO II,  and  theCU.OH 
group  of  the  secondary  alcohols  to  CO ;  but  it  is  necessary  to 
effect  the  oxidation  with  extreme  care>  as  the  entire  sidc-chaia 
is  liable  to  undergo  oxidation  in  the  manner  characteristic  of  the 
hydrocarbons  of  the  benzene  series.  The  phenols  behave  in  an 
entirely  different  manner,  and  mostly  furnish  quinones;  probably, 
however,  the  first  product  of  oxidation  is  a  hydroquinone  or 
dihydric  alcohol  of  the  CaHm.g(OH),  series,  which  on  further 
oxidation  is  conrerted  into  the  qninone,  thns: 
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C.Hj.OH  +  (0+OHJ  =  CJI,(OH),  +  OH, 
C.H,(OH),  +  (O+OHJ  =  C.H.O,  +  aOH,. 

Since  the  hydroqui nones  arc  formed  by  the  displacement  of  an 
atom  of  hydrogen  in  the  phenol  which  occupies  the  pai-u-position 
relatively  to  the  Oil  group,  only  those  homologues  of  phenol 
furnish  quinones  on  oxidation  in  which  the  para-position  is  not 
occupied  by  a  side- chain ;  the  behaviour  of  phenols  which  do  not 
come  within  this  definition  is  not  known,  but  probably  they  will 
be  found  to  furnish  oxyaeids  through  the  oxidation  of  the  side- 
chains  to  COO  11.  AU  the  homologues  of  phenol  behave  in  this 
manner,  that  is  to  say,  the  side-chains  are  oxidized  to  COOll, 
when  heated  with  fused  potassic  hydrate  ;  thus  the  three  isomeric 
cresols  furnish  the  potassic  salts  of  the  corresponding  oxybensoio 
adds  when  fused  with  potassic  hydrate : 

C,H,(OH).CH,  +  aKlIO  =  C,H/OK).COOK  +  s^r 

CmoL  Dipotauic  uU  of  oxjbeiuoic  aci<L 

The  ethers  formed  by  displacmg  the  hydrogen  in  the  OH  gronp 
by  methyl  or  ethyl  are  similarly  oxidized  by  the  ordinary  reagents, 
such  as  chfomic  add  and  potassic  permanganate,  and  afford  most 
important  aid  in  the  investigation  of  the  constitution  of  the 
phenols;  for  example,  the  methylic  ethers  derived  from  the 
cresols  are  readily  converted  into  corresponding  methoxybenaoic 
adds  on  oxidation : 

C,H,(0CH3).CH,  +  3(0+0Hj|)  =  CJI,(OCII,).C00H+40Hy 

Cn^rlBotfvktlHr.  MrthofjhminMi  aoM. 

4.  The  phenols  are  mostly  converted  by  the  action  of  nitric 
acid  into  well  characterized  nitro-derivatives,  thus : 

FIMML  mtVDplMMl. 

but  the  alcohols  of  the  bensylic  series  are  oxidised  by  this  reagent, 
benzylic  alcohol,  Cgllg.CHgCOlI),  being  converted  into  bensdc 
aldehyde,  C^H^.COH,  and  ultimately  into  benxoic  add« 

5.  The  monohydric  alcohols  derived  from  benxene,  like  the 
ilcohols  of  the  ethyUc  series,  furnish  metallic  derivatives,  dissolv* 
.'Dg  sodium  and  potassium  with  evolution  of  hydrogen : 


3C,H,.0H  +  aNa  =  C,H,.ONa  +  H,. 
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But  the  phenols  dissolve  readily  even  in  aqueous  solutions  of  the 
alknliru^  hydrates;  moreover  their  metallic  derivatives  are  cx- 
ceediogly  stable  as  compared  with  those  of  the  alcohols  of  the 
ethylic  series,  and  may  in  many  instances  be  recovered  from  their 
aqneous  solutious  by  evaporation.  On  account  of  this  beha- 
viour the  phenols  are  often  spoken  of  as  acids,  phenol  itself 
having  long  received  the  name  of  carbolic  acid.  It  is  to  be 
noticed  that  the  acid  properties  of  the  phenols  become  less  pro- 
nounced as  the  series  is  ascended ;  on  the  other  hand,  the  intro- 
duction of  negative  radicles  such  as  the  halogens  and  (NOo) 
renders  them  more  pronounced.  Thus  the  higher  haloid  and  the 
nitro-derivatives  of  the  phenols  not  only  dissolve  in  aqueous 
solutions  of  the  alkaline  hydrates,  but  they  decompose  the 
metallic  carbonates  with  effervescence  forming  oorresponding 
metallic  derivatives. 

One  of  the  most  characteristic  properties  of  the  potassium 
and  sodium  derivatives  of  the  phenols  is  their  power  to  enter 
directly  into  combination  with  carbonic  anhydride,  forming  salts 
of  the  corresponding  oxy-acids.  For  example,  when  sodium 
phenol  is  heated  in  an  atmosphere  of  carbonic  anhydride 
disodiura  salicylate  is  produced  and  phenol  distils  over : 

aC,H,.ONa  +  CO,  =  C^H^(ONa).COONa  4-  CeH,.OH. 

SodhmphiML  piMdhin  Mll«l«ta.  FteoL 

The  reaction,  however,  probably  occurs  in  two  stages,  a  disodiam 
phenol  being  first  produced  from  two  molecules  of  the  sodium 
phenol : 

CgH,.OXa  +  Cjr.  ONa  =  C,H,Na.ONa  +  Cjll,.01l  ; 

Bodium  phcuoL         ikxliuw  phenoL  Diaodiam  phenol.  Fbcuol. 

which  at  the  moment  of  formation  enters  into  reaction  with  the 
carbonic  anhydride. 

Cgn,Na(ONa)  +  CO,  =  C,H,(ONa).COONa. 

DUodium  phenol.  Disodiuro  uUc; Ut«. 

6.  When  distilled  over  heated  zinc  dust  the  phenols  are  con- 
verted into  the  corresponding  hydrocarbons  of  the  benzene  series  ; 
for  example : 

CJ1,.0H  +  Zn  =  CjHj  +  ZnO. 

7.  Many  of  the  phenols  and  of  their  derivatives  when  mixed 
with  a  solution  of  ferrie  ehloride  produce  characteristic  colours ; 
phenol^  for  examplcj  furnishes  a  violet  solution. 
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(1466)  Phenol.    Oxybensme,  Pkewylic  Hydrate  or  Carbolic 

Add:    C^H.  on  =  94. — Phenol   may  be   obtained    by  the 

general  methods  uljove  described  from  benzene  and  the  oxy« 

benzoic  acids^  and  it  is  also  formed  in  small  quantity,  together 

with  glyceric  ether  and  other  prodacts,  when  glycerin  is  distilled 

with  calcic  chloride  (Linnemann  and  von  Zotta,  Ann,  Chem, 

Pharm.  St^,,  yin,  254).    It  appears  also  to  be  produced  when 

^yceritt  is  heated  with  other  dehydrating  agents  such  as  sincic 

chloride  and  hydric  potassic  sulphate,  and  by  the  action  of  a 

concentrated  solution  of  potassic  hydrate  on  glyceric  ether, 

(C3H  J2O3.     According  to  Berthelot,  by  beating  acetylene  with 

filming  sulphuric  acid  it  is  converted  into  aoetylenesulphonic 

add,  CjH.SOjH,  and  on  fusing  the  potassic  salt  of  this  acid  with 

potassic  hydnte  phenol  is  obtained  {Compt.  Rend,,  Izviii.  539). 

The  chief  source  of  phenol,  however,  is  coaUtar,  from  which  it 

may  be  prepared  in  the  following  manner: 

By  treating  light  eoal-tar  naphtha,  or  the  portion  of  coal-tar  oil  boiHng  at 
about  150^ — 200^(302° — 392*^  F.),  with  a  aolatioo  of  aodic  hydrate  or  miUcof 

lime,  all  the  acid  substances  present  and  a  not  inconsiderable  quantity  of  naph* 
thak^ne  an'  t]i^!-*plved  ;  much  of  the  naphthaletje  is  precipitated  on  diluting  with 
water,  and  it"  the  sohition  be  then  e.xjK)sed  to  thi*  air  in  shallow  vessels  for 
several  days  it  turns  dark  brown,  and  certaiu  iiupuritieii  are  thu8  lenioved  by 
oxidation.  The  add  sobotsiMeB  present  in  this  eolation  ooneist  of  phenol  and 
Ite  homologim  and  bodies  of  nnknown  oompoettion,  bot  phenol  appears  to  poaaees 
more  proaounced  acid  pm^rties  than  any  of  the  bodies  with  which  it  is  ai^no- 
ciattHi  ;  hence,  on  adding  insuffii-ieiit  acid  to  precipitate  the  whole  of  the  ac-id  com- 
poundii,  chiefly  phenul  remains  in  solution,  8o  that  by  the  addition  of  successive 
quantities  of  sulphuric  acid  the  greater  part  of  the  impuritien  are  removedt  and 
the  oil  whioh  finally  eepantea  on  enpenatorating  the  eolation  with  add  ie  oom- 
paratirely  pure  phend.  It  is  further  purified  by  fractional  distillation,  and  the 
portion  which  comes  over  a  few  dei^rees  below  and  above  182°  (359°  '^^  I'-)  '» 
well  cooled  ;  it  then  solidities  to  .1  mass  of  crystals,  from  which  the  lujuid  portion 
is  removed  by  draining  and  pressing,  or  by  means  of  a  centrifugal  machine.  In 
order  to  separate  phenol  firom  ito  homologues  adranti^  may  also  be  taken  of 
the  property  it  poeeeeaes  of  forming  a  crystalline  hydrate  with  water.  In  pre- 
paring pure  phenol,  it  la  necessary  to  repeat  the  eolatimi  in  alkali  and  firactionsl 
precipitation  before  proceeding  to  reilify  the  oil. 

Phenol  ciystallizes  in  long  colourless  needles,  which  radt  at 
about  39°  (io2''-2  F.) ;  it  boils  at  j8a°  (359^-6  F.),  and  at  46** 
(ii4°'8  F.)  has  the  apecific  gravity  1*056.  It  possesses  a  pecu- 
liar characteristic  not  unpleasant  odour.  It  is  moderutely 
Boluble  in  water,  and  forms  with  it  a  hydrate,  2CgHfO,OUg, 
which  crystallises  in  large  sis-sided  prisms;  it  is  extremely 
•oluble  in  alcohol,  ether,  acetic  acid,  carbon  disulphide,  chloro- 
form and  hydrocarbons  of  the  beniene  series.  The  aqneons 
•olution  of  phenol  does  not  redden  litmus ;  it  coagulates 
albumen,  and  on  this  account,  apparently,  it  is  a  most  valuabio 
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antiseptic,  preventiiig  fermentation  and  pntrefiustion^  and  there- 
fore preserving  animal  substances  from  decomposition.  Pbenol 
itself  is  a  powerful  canstie^  and  when  applied  to  the  skin  at  once 
whitens  it ;  maoy  of  the  haloid  derivatiTes  of  phenol  exhibit  this 
property  to  a  more  pronounced  extent. 

Phenol  is  an  extremely  stable  body,  and  undergoes  very  little 
decomposition  when  passed  through  a  tube  heated  to  bright  red- 
ness. Wlicu  fused  with  au  exeess  of  ])<)taHsic  hydrate  until  the 
mass  assumes  the  eonsisteuce  of  a  tliitk  syrup,  abundanee  of 
hydrogen  is  evolved,  and  although  diphenol,  CjJl^fOlI)^,  together 
with  salicylic  and  oxybeuzoic  acids  aud  other  substances  of  un- 
known composition  are  produced,  at  least  half  the  phenol 
employed  remains  unaltered,  iz — 15  per  c^^'nt.  being  obtained  in 
the  form  of  diphenol,  but  the  amount  of  acids  produced  does  not 
exceed  i  })er  cent,  of  the  pheuoi  decompoi»cd  (Barth^  Ann.  Chan, 
i^hunn.,  clvi.  93). 

liy  careful  oxidation  with  chromic  acid,  phenol  is  converted 
into  itlitnoquinuney  Cjgllj^O^  (Wichelhaus,  Deut.  cheni.  Ges.  Ber., 
V.  248  ;  846).  The  oxidation  probably  takes  place  in  the  manner 
already  pointed  ont  (p.  47 2),  hydroquiuone  being  first  pro- 
due(>d,  and  converted  into  phenoquinone  by  the  conjoint  action 
of  phenol  aud  the  oxidising  agent  j  thus  : 

(1467)  NUro-'dtrwaihes  of  Phenol, — ^Nitric  acid  acts  Tery 
violently  upon  phenol^  bnt  by  employing  acids  of  Yarious  degrees 
of  concentration  a  series  of  nitrophenols  may  be  obtained. 
The  first  product  is  a  mixture  of  fioramtnphenol  with  the 
isomeric  orthonitrophenol,  C^}1^(S0^,0K }  on  further  nitration 
parauitrophenol  is  converted  into  a-  or  paraorthodtniirophtnol, 
CgH3(N02)3.0H,  orthonitrophcnol  yielding  the  same  compound, 
together  with  the  isomeric  /3-  or  diorthodinitrophenol.  Both  of 
these  dinitrophenols  furnish  the  same  trinitrophenol  or  picric  acid, 
CgH„(NO.,);,.OII,  on  treatment  with  nitric  acid.  A  tnetanilrop/ie/iol 
is  produced  from  the  metamidonitrobcnzene  formed  by  the  partial 
reduction  of  metadinitrobenzene  (p.  324)  by  a  series  of  re- 
actions similar  to  those  by  which  the  phenols  are  prepared  from 
the  amido-dcrivatives  of  the  hvdrocarbous  of  the  benzene  series 
(p.  470) ;  nitric  acid  converts  it  into  a  mixture  of  two  isomeric 
dinitroplienols,  which  arc  not  identical  with  those  obtained  from 
ortho-  and  paranitrophenol ;  on  further  nitration  tliesi'  tin  ni>]i  a 
trinitiupkenol  isomeric  with  that  directly  produced  irum  phenul 
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(Bantlin,  Deui,  ehem.  Get.  Ber,,  viii.  ai).  Higher  nitro-deriva- 
tives  of  phenol  are  not  known. 

Tbe  nitroplienolB  are  all  crystalline  snlistanoea  more  or  leaa 
yellow  in  colour,  slightly  soluble  in  cold  water,  and  not  soluble 

to  any  great  extent  in  boiling  water ;  they  are  all  readily  soluble 
in  alcohol  and  ether.  Their  properties  are  summarized  in  the 
foilowiug  table : 


Conctltation, 
the  0  H  group 
bein^r  in  the 
po«.  1. 

ILP.'C 

1  FuinttnflHBiol  •  •  .  • 
1  OtOiiMlltoylini  ■  .  «  ■ 

P-  or  DiorthcxlinitropbciMl. 

1 

y-  Dinitrophenol  .  •  .  • 
j  <-  Dinitrophenol  .... 

(fhim  plienol) 
TrinitropbCDOl  .  .  •  *  • 

(ftom  matanttnfbiMMl) 

CACK0h)0H 

M 
» 

m 

i«4 
Its 
tt» 
1  tat4 

1:3:6 
i:S(4t6 

Wbltoprinw;  aoiMolililt 

Almo!it  colourlMi  prim; 

non-volatile. 
Pale  yrllow  pilnM}  TMy 

volatile. 
Striated     yellowish -white 

plates  united  in  fcm-iU^e 

forms. 

Slender  short  pale  yellow 

ncf  "lies. 
Slender  short  pale  jelkm 

needles;  ▼obni]*. 
Long   slender  gilil«niBf 

needlee ;  non-TMatflt. 
FilBjtlloirJMBiMi  .  .  . 

Pale  jdlQw  tanqpHBt 
prion. 

>*• 
4f 
114* 

64° 

I4«' 

i74» 

The  nitrophcnols  readily  enter  into  reaction  with  metallic 
carbonates,  and  furnish  a  series  of  magnificentlj  crTstalline 
metallic  derivatiTes,  all  more  or  less  soluble  in  water;  many  of 
these  deriyatives  are  of  great  beauty.  They  vary  in  odour  ttom. 
pale  yellow  to  brilliant  crimson.  The  nitrophenols  and  their 
metallic  derivatiTes  all  deflagrate  more  or  less  nolently  when 
ignited ;  many  of  them,  especially  the  more  highly  nitrated  ones, 
such  as  trinitrophenol  and  its  derivatiyes,  explode  with  consider- 
able yiolenoe. 

(1468)  NUrosophenol :  C,n^(NO).OH.— This  compound  is 
the  product  of  the  action  of  nitrous  acid  on  phenol,  but  its  pre- 
paration requires  great  care.  It  crystallizes  in  large  brown 
rhombic  plates^  moderately  soluble  in  water;  it  melts  when 
heated,  and  at  lao** — 130*^  (248° — 266°  F.)  decomposes  with  a 
slight  explosion.  It  is  readily  soluble  in  a  dilute  solution  of 
8f)dic  hydrate,  and  on  the  addition  of  a  concentrated  solution 
ol'  the  alkali  sodium  nitrosophciiol,  CgII^(NO).ONa,  separates  in 
reddish-brown  needles.  By  reduction  with  tin  and  hydro- 
chloric acid  it  is  converted  into  paramidophenol,  II  ^(N 1 1,). Oil. 
On  oxidation  by  nitric  acid,  or  by  an  alkaline  solution  of 
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potassic  ferricjanidej  it  is  very  readily  converted  into  paranitro- 
phenol. 

(\  .\6g)  Amido-  and  Amidonitro-derivatives  of  Phenol. — The  nitroplienoU 
are  rcudily  converted  by  the  action  of  reducing  agentH,  such  as  tin  and  hydro- 
diloric  acid,  into  the  corresponding  amidophenols.  At  present  onlj  tht  ainido* 
phenols  derived  from  para*  and  orthonitrophenol,  C,H^(XH,).OII,  a-dinltropheaol, 
CA(NS^^OH,  and  the  triDitrophenol  produced  from  phenol.  C,H,(NH^^OH» 
have  been  prepared.  They  are  colourless  crystiilline  bodies,  but  on  account  of 
the  readiness  with  which  they  unslergo  oxidalicjii  it  is  difficult  to  prepare  them 
in  a  pure  stale.  They  form  weil-cry^tallized  salts  with  variouH  acids;  tiias 
panuDidopbenol  eombiuea  with  hydrochloric  acid,  forming  the  hjdroehlofide, 
C,H4(NH,C)).0H,  which  crystallizes  in  long  colourless  needles ;  siroilarlj, 
dianiidophenol  furnishes  the  hydrochloride  C,Hg(liIlI,Cl)^OH»  and  triamido* 
phenol  the  hydrochloride  C,H^(i\lI,Cl),.OH. 

By  the  employment  oi'  less  energetic  reducing  agents,  such  as  ammonic 
salphydrate,  the  higher  nitrophenols  majr  be  parttallj  reduced  and  converted  into 
amidonltraphenols.  At  pre»ent  only  the  oompounde  C,H,(NO,)(NH,).OH  firom 
o-dinitrophenol  and  CA(NO.,).,(NH,).OH  and  C,H,(NO,)(NH,).OH  from  tri- 
nitrophenol  have  been  prepared.  I>y  the  employment  of  an  alcoholic  solution  of 
ammonic  sulphydrate,  aniidodiiiitroplietiol  or  picnunic  acid  alone  i-^  formed,  whilst 
with  an  aqaeous  solution,  although  the  same  compound  i.s  hrst  produced,  it  it 
eonverted,  by  the  further  action  of  the  aqneona  eulphydrate,  into  diamldooitro- 
phenol.  These  compounds  crystallize  in  deep  yellow  or  rcddi»h-brown  crystals ; 
they  exhibit  both  basic  and  acid  properties,  combining  with  acids  to  form  nails 
such  as  CgHj(NOj)j(NHj,Cl).(.)lI.  and  fiirnishinn^  metallic  derivatives,  such  as 
C,H,(NO^(iiiHj),.UAg.  hoth  amidodinitro- and  diamidonitrophiMu  l.  however, 
are  only  monaad  beses,  that  is  to  say,  they  eomlnna  with  only  a  single  molecule 
of  e  mooobeiiie  undt  but  diamidonitruphenol  has  far  stronger  basio  propertica 
than  amidodinitrophenol,  being  soluble  even  in  very  dilute  solutions  of  the 
mineral  acids  and  formings  stable  salts,  whilst  amidodiiiitrophenol  dissolves  only  in 
concentrated  acids,  and  is  again  jirecipitated  on  the  addition  of  water.  On  the 
other  hand,  the  metallic  derivatives  of  diamidouitropheuol  are  far  less  stable  than 
those  <^amidodinitrophend,  and  undergo  osidation  when  eiposed  to  the  air  in  a 
moist  state. 

When  amidonitrophenol  is  warmed  with  ethylic  nitrite,  the  NIT^  ?ronp  is 
displaced  by  hydrogen  and  paranilrophenoli%  produced,  thus  proving  that  in  the  # 
formation  of  the  amido-derivative  from  paraorthodmitrophenol  the  2««U,  group, 
which  oocnpMS  the  <Hrtho-position,  is  redooed.  Similarly,  amidodinitrophenol  is 
converted  into  a-dinitropheool  by  treatment  with  ethylie  nitrite,  proving  that  in 
the  reduction  of  trinitrophenol  one  of  the  NO,  groups  in  the  ortho-position  is 
converted  into  the  NH,^  t^roup ;  althoui^h  it  has  not  been  directly  proved,  it  is 
probable  tliat  the  nitro-;,MOup  in  diaujidonilrophenol  is  in  the  para-position,  and 
that  in  its  lurmation  from  triuitrophenol  the  two  NO,  groups  iu  the  oitho- 
podtton  nndergo  reduotion. 

(1470)  Sulphf) NIC  Adds  derived  from  Phenol. — Pheuol  readily 
dissolves  iu  couct  nt rated  sulphuric  acid,  a  considerable  amount 
of  heat  being  developed.  The  product  is  a  mixture  of  the  isomeric 
phenolortho-  and  phenolparasulphon'w  arid,  C^.H^(OH).SOjH. 
When  the  phenol  and  acid  arc  slowly  mixed,  and  the  mixture 
preveutcd  from  becomin^^  hot,  the  product  chiefly  consists  of  the 
former^  but  much  phenol  remains  unattacked.    By  heating  for 
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Bome  time  to  about  ioo°  {212^  F«)  the  conversion  into  tulpho- 
acids  may  be  rendered  almost  perfect,  even  when  little  more  than 
the  theoretical  quantity  of  acid  is  employed,  but  the  orthosulpho- 
acid  then  in  great  part  undergoes  couTenion  into  the  isomeric 
para-add,  although,  apparently,  howerer  long  the  heating  be 
oootanued,  the  product  tdwaya  contains  a  small  amount  of  the 
phenolorthosulphonic  acid. 

Pkenobnetoiufyhomc  acid  cannot  be  directly  produced  firom 
phenol,  but  it  is  obtained  by  displacing  the  NH,  group  in  met- 
amidobenaenesulphonic  acid  by  OH  by  Griess's  method  (p.  471), 
and  as  potassic  salt  by  fusing  potassic  benaenemetadisulphonate 
with  potassic  hydrate  (Barth  and  Senhofer,  Deut.  chern*  Get.  Ber,, 
ix.  969): 

CjII.iSO^K),  +  KHO  =  C,H,(0H).S03K  -1-  K^SO,. 

PoUmIc  bemenemctMli*  PotaMie  pheoolmet*- 

galpkoMMu  wlphomii- 

By  digesting  phenol  with  a  considerable  excess  of  a  mixture 
of  ordinary  and  Nordhauscn  sulphuric  acid  at  about  100°  (212°  F.) 
it  is  converted  into  plwnoldisulphonic  acid,  Cj.Il3(OH)(SO.^H),. 
Lastly,  by  heating  phenol  with  a  mixture  of  concentrated  sul- 
phuric acid  and  pliosphoric  anliydride  in  sealed  tubes  to  about 
180°  (356°  F.),  a  j^henoUrM^/ioriic  acid,  C^Hj(OHj(SO,H)^  is 
produced. 

By  heating  these  sulpho-acids  or  their  salts  with  hydro- 
chloric or  dilute  sulphuric  acid  in  closed  vessels,  they  are  all 
completely  decomposed  with  more  or  less  readiness,  phenol  being 
reproduced,  thus : 

CgH/.OHj.SOgK  +  OH2  =  CeH,.OH  +  KHSO^. 

The  sulpho-acids  derived  from  tlic  homologues  of  phenol  and  the 
haloid  sulpho-acids  of  the  phenols  behave  similarly.  The  decom- 
position takes  place  at  temperatures  vaiying  from  100° — 200° 
(212^ — ^392*^  F.),  according  to  the  nature  of  the  compound  and 
the  strength  of  the  acid  employed ;  concentrated  hydrochloric 
add  is  to  be  preferred.  The  salts  of  the  phenolsulphonic  acids 
Qioally  crystallise  irell,  and  are  therefore  readily  purified,  and 
the  isomeric  and  homologous  sulpho-salts  may,  in  most  cases,  be 
separated  without  any  great  difficulty  by  fractional  crystallization, 
whereas  the  homologous  and  isomeric  phenols  and  haloid  phenol 
derivatives  are  usually  extremely  difficult  to  separate.  This  reaction 
therefore  is  of  considerable  practical  value,  as  it  often  affords  a 
means  of  separating  isomeric  and  homologous  phenols  or  their 
derivatives,  and  of  obtainbg  them  in  a  pure  state ;  the  mixed 
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prodnct  liemg  converted  into  sulplio-acidSf  the  salts  of  the  sn^bo- 
acids  separated  by  appropriate  means,  and  then  decomposed  hy 
heating  with  hydrochloric  acid. 

( 1 47 1)  Haloid  Derwatwu  of  Phenol, — Chlorine  and  bromine  act 
Tcry  readily  upon  phenol^  mnch  heat  being  developed;  iodo- 
phenols  are  obtained  by  the  action  of  iodine  on  phenol  in  presence 
of  mercuric  oxide  or  iodic  acid.  Haloid  derivatives  of  phend 
may  also  be  prepared  by  Oriess's  method  from  the  haloid  amido- 
derivatives  of  benzene  in  the  same  manner  that  phenol  itself  is 
produced  from  amidobenzene  or  aniline. 

Chlorophenols, — ^The  first  product  of  the  action  of  chlorine  on 
phenol  is  a  mixture  of  para-  and  orlhochlorophcnol,  CgH^Cl.OH, 
whicli  may  be  sej)arated  by  repeated  fractional  distillation  ;  the 
isomeric  jnctachlorophenol  has  not  been  directly  ])rodueed  from 
phenol,  but  it  may  be  obtained  from  metaehloramidobenzene  or 
mctaeliloraniline.  Paraehlorophenol  is  converted  into  para- 
orthodicfilorophenol,  C^.f^A.yOYl,  by  the  action  of  elilorine,  and 
the  same  dichlorophenol,  together  with  the  isomeric  diorthochloro- 
phenol,  is  furnished  by  orthoehlorophenol.  Both  these  dichloro- 
])hcn()ls  yield  the  same  (iiorlhoparatHchloropheml,  C^HgCl^.OH, 
on  further  ehlorination. 

The  conversion  of  phenol  into  trichlorophenol  is  effected  by 
merely  passing  chlorine  into  the  phenol,  which  towards  the  close  of 
the  operation  is  heatedonthe  watcrbath.  Unclerordinary conditions, 
such  as  these  may  be  considered,  it  is  not  possible  to  displace  more 
than  three  atoms  of  hydrogen  in  phenol  by  chlorine,  bnt  when 
chlorine  is  passed  into  a  mixture  of  j^henol  and  antimonions 
chloride^  which  is  heated  at  first  on  the  water  bath,  and  after- 
wards in  a  salt  bath,  until  hydrochloric  acid  is  no  longer  evolved, 
pentachlorophenol,  CgClg.OH,  is  produced.  Tetrachloropheuol  has 
not  b^en  obtained.  The  properties  of  the  chlorophenola  axe 
summarized  in  the  following  table : 


Name. 

Formula. 

Constitu- 
tion. 

Appearance. 

M.P.  "C. 

B.P.  °C. 

rteMUoMglMMl  •  .  •  . 

C«H«C).OH 

«:4 

ColovlMi  rmSm  . 

4«' 

M«lMiUora|ilMod  .  .  .  • 

n 

»:3 

CokmrkM«a  .  .  . 

OrttMohloraphenol  .... 

» 

t!S 

CotomteMii—dlai.  . 

7" 

>77° 

Panorthodichloropbenol .  . 

C,H,ei,.OH 

1  :a:4 

Six-eidcd  needlaa  .  . 

4J° 

Diorthodichlorophonol    .  . 

I  ;3  :6 

Colourless  needles .  . 

65° 

Paradiorthotrichlorophcnol . 

C,H,C1,.0H 

I :a:4:^ 

While  wojlly  needles 

68° 

Fentachlorupbenol  .  . 

C^I^OH 

ColourleM  nccdlee .  . 

186° 
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With  the  exception  of  pcntachlorophenol,  which  is  odourless 
when  cold,  but  lias  an  intensely  sharp  odour  and  causes  coufrhing 
when  heated,  the  chlorophenols  all  possess  an  extremely  unplea- 
sant and  persistent  odour.  Like  phenol,  they  furnish  meiallic 
derivatives^  and  the  mono-,  di-  and  triehlorophenols  even  appear  to 
poflBess  more  pronounced  acid  properties  than  plienol  itself.  Tbej 
are  almost  insoluble  in  water,  but  readily  soluble  in  ether  and 
other  menstrua.  They  are  very  stable  compounds,  being  reduced 
bat  slowly  by  nascent  hydrc^n  when  treated  with  sodium 
amalgam  and  water;  they  are  decomposed  by  beating  with 
fused  potaasic  hydrate,  but  the  immediate  products  are  not 
obtained,  excepting  from  the  monochlorophenols,  which 
the  corresponding  dioxybensenes,  owing  to  their  deooi 
the  potaasic  hydrate. 

AwNopilmolr.— •These  eompoiindB  exhibit  the  oloeeet 

chlorophenols,  bat  are  le«S  etable  substances.  By  the  first  action  d^hiif^io^  b^' 
phenol  a  mixture  para-  and  orthobrumophenul  is  prodiiml,  and  umik{^ tcct^in 
(X)nditions  not  yet  defined  metabromoplienol  also  a|»j)i'ai.s  to  he  formed.  f-U* 
further  action  of  bromine  ou  para-  and  ortliobromupiieuul  is  HiiuiUr  to  that  ut' 
dblorine  on  (he  eorrespondiug  chlorophenols,  and  eeneci  under  ordioary  eondi- 
tiona  with  the  prodaetiim  of  tribromophatol ;  metebromophenol,  however,  U 
diiectly  eonvertible,  without  heating  to  an  elevated  temperature,  into  tetra- 
bromophenol.  By  heatin<^'  tribromophenol  with  bromine  to  170° — iSo** 
(338" — 356°  F.)  it  ifl  converted  into  tttrahrumophenol,  and  on  further  heating 
with  excels  of  bromine  to  210* — 220'^  (410° — 428°  F.)  ^en^abromophenol  is 
produced.  The  fbUowing  table  exhibits  the  properties  of  the  various  bromo- 
phenob  with  whioh  we  are  aoqusinted: 


1 

V^nnnls. 

Constitn- 
UotL 

AppaaniiM. 

lI.P."C.jB.F.«C. 

ftmitfoittujlMDoi  ••SB 

CaH«Br.0H 

«»4 

Laige  noaoelinle  priniw 

IbtaAnHflfhMMl  •  *  •  • 

» 

i:S 

GtobNuleMoO  .... 

•  •9 

n 

I  :a 

m        H       •  •  • 

mmm 

C«H,Br|.OH 

ColovlewiniiiBs.  .  . 

¥f 

Pandiortbotiibromopbenol 

C«lJ,Br,.OH 

I :  a :  4 : 6 

White  dlkriiMdlw.  . 

91'* 

Tetrabromophieool .... 

CgHBr^.OH 

OolonrleH  nCfldlM  .  . 

tw^ 

PoitabromoiihcDol .  ,  .  . 

... 

»»         »      .  • 

lodaphenoU. — The  nature  of  tlie  monmdophenols  formed  from  phenol  by 
the  action  of  iodine  in  presence  of  mercuric  oxide  or  iodic  acid  is  not  yet  satis- 
factorily deliermined,  but  apparently  the  three  iMmerio  moaiodophenols  are 
■jmsltiiMHWiiily  prodnced.  Pure  paraiodophenol  may  be  obtained  by  Qiieee'e 
meihod  from  paramidophenol,  and  orihiodophenol  is  prepared  in  a  similar  manner 
from  orthamidophenol ;  metiodopkenol  is  obtained  by  displacing  tlie  NH, 
group  in  metiodaniline  from  metadinitrobenzene  by  OH.  They  are  white 
cryittalline  substances,  poesessing  a  feeble,  unpleasant,  and  moet  penuidentodoar. 
Ths  only  olherlodeflMiiols  known  are  a  di-  and  a  trUodopk^nol,  whioh  oryital* 
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lilt  in  wUto  bwiiHih  Hw  melting  pomti  of  Hum  oompoandf  m  gifn  in  tbe 
fbllowug  table : 


Name. 

COtUatoUOQ. 

Fftniodophenol  •  •  •  . 
Mstiodophenol     •   •    •  • 

Orthiodophenol  .... 
Diiodophenol  

C,HJ.OH 
i> 

C.H,T>H 
C.H,I,.OH 

1  .-4 

1*3 

I  :  3 

(?)  1  :  2  :  4 

(?)  1  :  2  :  4  :  6 

156- 

(1472)  Haloid  Nitro-derivatives  qf  Phenol. — The  monohaloid  derivatives 
of  phenol  readily  fttrnish  mono-  and  dinitro-denTAtivee  on  treatment  wttii  nitrio 
add,  and  tha  dibaknd  derivativM  are  eoiiTerted  by  nitrio  add  into  nH»o-nitio- 
compounds;  bat  corresponding  nitro-derivatives  oannot  be  obtained  from  the 
trihaloid  derivatives  of  phenol,  triohlorophenol  being  converted  into  dichloro- 
quinone,  by  the  action  of  nitric  acid,  whilst  tribroniophenol  furnishes 

Jik  paranitrodibromophenol,  C,H,Brj(NOJ.Oil,  one  of  the  bromine  atoms  being 
diaplaecd  bj  the  NO,  group.  On  tbe  other  hand,  the  nitroplMluila  nadfly  enter 
into  reaetion  with  the  halogens,  prodndng  mono-  and  di-haloid  nitro-derivatiTeii, 
whilst  the  dinitrophenols  fhmish  monohaloid  derivatives ;  trinitrophenol,  how- 
ever, is  converted  into  chlor-a-dinitrophenol  by  the  action  of  chlorine  in  presence 
of  iodine,  and  into  brom-a-dinitrophenol  by  the  action  of  bromine,  one  of  tbe 
NO,  groups  in  the  ortho-position  being  displaced  by  the  hal(^n. 

Two  iiDnierie  niononitro-derivatiT«B  are  dmnltaneonsly  prodnoed  by  nitrating 
the  ofHuHDonohaloid  derivatives  of  phenol,  both  of  which  famish  the  aame 
dinitro-raonohaloid  phenol  on  further  nitration.  Thus,  ortliochlorophenol  is  con- 
verted by  nitric  acid  into  a  mixture  of  orthochloroparanitrophenol  and  ortho- 
chlororthonitropbenol,  both  of  which  on  further  treatment  fumii»h  orthochlor- 
orthoparadinitrophenoL  StmOarly,  two  laomerie  menonitro-monohaloid  dertrip 
tirw  MO  dmaUaneonaly  fbrmed  by  the  action  of  halogen*  on  orthonitrophenol» 
and  these  both  furnish  the  same  dihaloid-nitrophenol.  The  para-haloid  deriva- 
tives and  paranitrophenol  do  not  yield  isomeric  compounds ;  the  behaviour  of 
metanitrophenol  and  of  the  meta-monobaloid  derivatives  of  phenol  has  not  been 
studied,  but  there  is  little  doubt  that,  like  the  ortho-derivatives,  they  will  fiv» 
nidk  niztnrea  of  iaoroeridea. 

Haloidpnitro-derivatives  of  phenol  are  also  produced  by  the  aofim  of 
on  certain  of  the  haloid-nitro-  and  haloid-nitro-amido-derivative^  of  Vnzene ; 
thus,  the  two  isomeric  dinitroparadichlorobenzenes  furnish  the  sodic  salts  ot"  cor- 
responding dinitroparachlorophenols  when  digested  with  sodic  hydrate  solution, 
and  bfomodmitraanilme,  C,H,Br(NO,),.NH,  (NH, :  Br  s  NO.  t  NO,  - 1 :  a :  4 : 6). 
ia  oonverted  into  the  pofaawc  nit  oif  bcomo-Minitfophenol  hj  heating  witii 
potassic  hydrate  solution. 

The  haloid-nitro-derivatives  of  phenol  are  all  crystalline  bodies  of  various 
ghades  of  jellow  in  colour.  They  exhibit  pronounced  acid  properties,  and  fur- 
uish  a  most  beautiful  series  of  well-crystallized  salts,  varying  in  colour  from 
yeUew  to  brilliant  erimeon,  and  noin  or  lesaaolnUe  in  water.  The  mntaHii 
derivatives  of  the  mtmhaloUlpheneb  derived  from  paranitrophenol  and  a-dinitr^ 
phenol  are  yellow  or  orange;  those  derived  from  orthonitrophenol  and  /3-dinitaro- 
phenol  are  mostly  deep  orange  or  red.  The  bromo-derivatives  arc  mostly  of  a 
deeper  colour  than  the  corresponding  chloro-derivatives,  and  the  iodo-derivatives 
of  a  deeper  eoloiir  than  tiie  eomepondbg  bramo-derifatifea.  The  aeta-deriva- 
tifea  have  bean  too  littie  atndied  to  enable  ne  to  atata  in  general  fanna  what 
thdr  propeitica  are. 
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The  foUowiug  table  includes  all  the  haloid-nitropbenols  at  present  known : 


Oriboobk)ro}Mru}itropbeool  .  .  . 
Ortbodilorortlioiiitrophenol  .   .  . 

Para<»hlororthonitro|>henol  .  .  . 
DioribodiloropMiinitropbeiiol  .  . 
OrthopamdidilororthonitropbeDol  . 

Parachloro^iiiirtliuiiitniiiln'iiul 

OrtiiochloroparaortiuHliQitropbenol 
M«tMhi<nopaf«orthodinitropbenoI . 

ParachlororthnraetAUiiiitrojihenc^  , 
Orihobromoparuiitropb«Qol  .  . 
Fsimbwrniotthwitrophepol  .  .  . 
Diortbobromoparanitrophennl  .  . 
Orthoparadibromortbooitropbenol . 
Parabromodiorthonttrophenol  .  . 
Ortli- 1  ifwiiK >[  araortliodinitrophenol 
MeiAbrumoparaorlbodioilroplMool . 
OrUkiodoiMuvnttropheiiol  .... 
Pariojiorthonitr'.]  Ikd.iI  .  .  .  , 
Uiurtbiudopanuiitropbeuol  .  .  . 
Oithopandnodorthooitrophenol 
PsriodoUiorthonitrophLii.il  .  .  . 
OiihiodoparsortboduutropbsDol  . 


tCoteoror 

,  PotaMiotn 
DerivatiTe 


C«H,Ci(NO^OU 


C,H,C1,(X0J0H 


I*. 


C,H,C1(N0^/)H 


»» 


C,H,Br(XO^OH 
C,H,BrJ(NOJOH 

C,H,Br(NO^^OH 


C,IM(NO,)OH 
C,H,I,(NOJOU 

ft 


i:a:-i 
1:4:6 

1:4:2 
I  :3 : 6:4 
1 :9 :4  :6 

1:4:2:6 
1:2:4:6 

i.3:(4-6?) 

i:4:(6:3?) 
1:3:4 
1:4:4 
1:3.6:4 
1:2:4:6 
I  :  4  :  2  :  6 
I  :  2  :  4  :  6 

1:3:4 

1:4:3 
1:3:6:4 
1:3:4:6 

I  :  4  :  5  :  6 
I  :  3 : 4  : 6 


Yellow 
Bad 

Oraoge 
Red 

Red 
Yellow 
YeUow 

Red 
Yellow 

Red 
Orange 

Red 
Crimson 
Orange 
Yellow 
Orange 

Red 
Orange 
Crimson 
Crimson 
OrsDge 


111' 
70' 
87- 
Ji*S' 

131' 

Hi' 
III' 
? 

70" 

102' 
87^ 
141° 
118° 

76» 

9'  ''5 

(?)  I.O^ 
98- 

107' 


(1473)  Haloid-sulpho',  Kitro-$ulpJio-,  Amido'SulpJto-,  and  Maloid- 
nilro^  sul^tho-derivatives  of  I'henul. — The  monohaluid  derivatives  of  phenol 
XM^j  enter  Into  Teacdon  with  &ulphurio  aoid  forming  mouosulphouic  acids,  and 
bj  heating  with  an  eioen  of  the  add  they  are  eoDTerted  into  ^olphonio  aeida. 
Similarly,  the  dihaloid  derivatives  of  phenol  are  converted  into  nionosulphoiiic 
acids  by  the  action  uf  ttulpliuric  acid  ;  but  the  trihaloid  derivati?es  of  phenol  do 
not  furnish  corresponding  sulphonic  acids. 

Haloid  phenoUulpbonic  acids  may  aliio  be  produced  by  the  action  of  the 
halogeits  on  the  phenolsolphonie  aeids.  Thus,  on  the  addition  of  hromino  to  a 
aolntion  of  poftaine  pbenoldisulphonate,  C,H,(SO,K),.OH,  potaisw  bcomo- 
phenoldisulphonate,  CJI^Br(SO,K);.OH,  i.s  formed,  and  in  a  tunilar  manner 
potii.<J»ic  phenolparasulplioiiate,  CJIj(S()  K).OH.  may  Ik?  converted  in  sucoession 
into  the  />/-o»iophenolpara^>ulphi)nate,  ,.li,br(SO,K).OU,  and  the  <^i6roiitophenol- 
parasulphonate,  C,ll,Br,(S0,K).01i. 

It  b  not  poioible,  bowerer,  to  displaoe  more  than  three  atoms  of  hydrogen 
in  phenol  by  the  halogens  and  the  salpho-group,  and  by  the  continued  action  of 
the  halogens  in  presence  of  water  on  the  lialoid-sulphonic  acids  in  which  sub- 
stitution had  taken  place  to  this  extent ,  thf  .sulplio-groups  are  more  or  less 
readily  displaced  by  the  halogen.  Fur  example,  on  adding  bromine  to  a  solution 
of  poteido  hromopbenoldisolphonate  it  b  oonvwtod  into  Ihe  ffihnmomonosttl- 
phoiuKte»  nd  hj  tiia  eontinoed  action  of  bromine  on  the  Utter  tribromophenol 
la  pradoeed: 

C.H,6r(S0^^0H  -f  Br.  4-  OH.  »  C.H.Br.(SO.K).OH  -I-  HB»  +  HK80«. 
wiiniliMsldlielphonsta  Petssilo  dnmsaopbwiolseliphwsts. 


C,H.Br,(SO,K).OH  +  Br,  +  OH,  =  C,H,Br,.OH  -i-  HBr  -f  HKSO,. 


The  pheuolsulphouic  acids  behave  similarly  with  nitric  acid.  Thus,  potassio 
pbenoipanralphoute  b  oonvtrted  by  carernl  nitntion  into  potntsie  orthonitro- 
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Urn- 


phenolparasulphonate,  C,II,(NO,)(SO,K).OH.  Orihonitrophenolpftrasulphonie 
Mnd  w  also  prodneed  by  gently  wuming  orthoiiltiophcnd  with  tulphnrie  add* 
tnd  fhe  iaomtnii  paranitrophenolorthosolphonic  acid  u  obtained  in  a  similar 

manner  from  paranitrophenol ;  by  careful  nitration  these  acids  may  be  com  ertttl 
into  dinitrophenolsuphoiiic  acids,  which  by  the  continued  artion  of  nitric  acid  are 
converted  into  trinitrophenol.  Sulpho-acids  have  not  bt-en  directly  produced 
from  tbe  dinitrophenola. 

Th«  nttrophenolralpbciiue  aaicb  are  oonverted  by  the  action  of  ladwang  agnit* 
into  corresponding  amidophenolsulpbonic  nciHa,  which  may  aiao  be  pffoduoed  fiom 
the  amidophenol  hydrochlorides  by  treatment  with  sulphuric  acid. 

Apparently,  the  haloid-nitro-phenols  do  not  enter  into  reaction  with  sulphuric 
acid  to  produce  corresponding  Rulpho-acids,  Lut  on  treatment  with  nitric  acid  the 
moDobaloid-pheiiohiKmoaulplumie  acida  Auniab  mononitro-moiiohaloid-pbeDolnil* 
pbonio  aoda*  and  aimilar  oompoands  are  formed  from  the  monohaloid-diaulpho- 
aoiday  one  of  tbe  Bulpho-groups  being  displaced  by  NO^ ;  by  the  further  action  of 
Bttrio  acid  these  haloid-nit ro-s\ilpho-acids  are  converted  into  haloid-dinitrophenols. 
The  dihaloid-phenolmoDOtiulphouic  acids  are  either  converted  into  dihaloid-uitro* 
phenob  by  the  aolioQ  of  nilfie  add,  or  one  of  the  atoma  of  halogen  ia  diaplaoed 
by  170,,  and  haloid-nitKHiiiIphOiaoida  are  prodooed. 

The  phenolsulphonic  acids  and  their  derivatives  furnish  two  classes  of  lalta : 
norma/  salts,  formed  by  the  displacement  of  hydrogen  in  the  sulpho-group  by 
metals,  and  f>o-cal!ed  basic  salts,  in  which  not  onl}-  the  h3drogen  in  the  sulpho- 
group,  hot  also  that  in  the  Oil  group,  u  di^placed  by  metals.  The  salts  of  the 
phenol-  and  babid-pbenolsolphonio  adda  are  colonrleiia;  the  normal  aalte  of  the 
nitrophenol-  and  haloid-nitrophenolsulphonio  acids  are  yellow,  bat  the  bade  aalte 
of  these  acids  vary  in  colour  from  yellow  to  red,  and  many  of  them  are  of  great 
beauty.  Apparently,  there  is  a  similar  connexion  between  colour  and  constitution 
as  in  the  caae  of  the  nitrophenols,  the  basic  salta  of  orthonitrophenol  derivativea 
being  usually  of  a  more  or  less  red  colour. 


I.  csSioSS&H 

J.  C«Ha.UH.(8(CH}> 

4.  C«H,CI.0H.80,H 

5.  CeH,a.0H.80,H 

6.  C,H,a,.OH.S(),H 

7.  (VHjClj OII.SO,!! 

g.  C,U,C1.0H.(!50,H), 
10.  (  ,H,Br.OH  SOjTI 

II.  C,H,Br.OH  S(i,H 
ij.  C,H,Br,.UU.S<t,n 
ij.  C.HjBrj.OH.SOjH 
14.  CgH,Hr.OH.(SO,H), 
K.  QH,I,.0H.8<>,H 

IR,  CtTIj(NH.1.0ir.Sn,H 
19.  C«H,(NH,) OH.SdjH 
ao.  CeH,Cl(NO,).C)H.S(>,H 
ji.  CeU,Cl(NO,)  OFl.SOjH 
aa.  C»H,Br(NO,).OH.8(),(I 
23.  C,H,Br(NO,).0!{.SO,H 
»4.  CH,BrfN0,).()H.8(),H 
s|.  dHJW(M.OH.eQaH 
3.  Q^tOI^OHJOgB 

1  :  a 

<  :4 
1:1:4 
I  :  a  t  4 

1:4:3 
I  :4  :  a  :  6 
1:2:4:6 
I  :  a  :  ^  :  6 
1:3:6:4 
I  :a:  4 
1:4:1 
I  :  4  :  a  :  6 
I  :  a  :  4  :  6 
I  :  a  :  4  :  6 
1:4:3:6 
I  :  a:  4 
I  t4:a 

I  :  a:  4 
1:4:3 
I  :  a  :  4  :  6 
1:4:3:6 
t :4 : a  :  6 
111:6:4 
I  :  1 :  4  :  6 
I tai»i4 
1:416;* 

i 

nram  phiwd  aadsolpkailo  add. 

From  1  and  7  bj  action  of  SBlpliagia  SsM. 

From  parschl  ropluMiol. 
From  orthi>ohloro(>ht'i><)l. 
From  a  by  action  of  chlorine. 
From  orthoparadichloropheiu}!* 
From  3  by  action  of  chlorine. 

From  pafachlorophenol  and  H,W^,.  1 
From  I  and  bromnie,  sod  IhMO  parabromopUeuoI. 
From  3  and  bromine.  1 
From  J  and  bromine.  ] 
From  I  and  bromine,  nd  ften  14  tOd  biWBlot. 
From  \  ami  bromine. 

Fri>m  3  V'y  a<'ti<>ii  of  IolImil'  in  preMMS cf  B(Ol 

From  paraoitrophenol  and  UjSOa,  f 

From  oTthoaltnplMDol  lad  nJSO^  Mid  fken  a  aid  1 

From  16  by  redaction,  and  (Vom  paramidophanol.  • 
From  17  by  redaction,  aod  from  orthamidopheooL 
From  4  and  HNO,. 
From  6  and  H  NO,. 

From  11  sad  HNO^  sad  ftom  if  md  bnmliis. 

From  16  and  bromine. 

From  10  ud  nitric  acid.  1 
Fram  i6bf  aeUoftoriodiaalapNMaMorRgOL 
FMNBi^braetfOBef  lodtaM    «        «  BgO.  ^ 

*  TheOH  group  is  always  supposed  to  occupy  the  poaition  I ;  the  relative 
poaitUm  of  tbe  aiilpho-group  ia  next  atoted,  then  that  of  tbe  hakgin,  tnd  Unl^ 
that  of  the  nitro-gronpw 
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The  fcMTCgoiog  table  includes  all  the  phenolsulphonic  acidti  and  Bubstitutiid 
phanolralphoiue  acidft  of  knowD  ooosdtafcioa  whioh  hftve  been  prepared  from 
plMool  md  phenol  deriTmttvce. 

(1474)  Mode  of  Deiennininr/  the  Cotutitution  of  Phenol  Deriva- 
iives. — Much  discussion  has  taken  place  of  late  with  regard  to 
the  constitutioQ  of  the  pheuol  derivatives,  but  the  conclusions  at 
"which  chemists  have  now  arrived  arc  so  consistent  that  there  can 
scarcely  be  a  doubt  as  to  their  correctness.  After  the  explanation 
we  have  g^iven  of  the  manner  in  which  the  constitution  of  the  benzene 
derivatives  is  determined,  it  will  only  be  necessary  briefly  to  ia- 
dicate  the  method  adopted  in  the  case  of  the  phenol  derivatives. 

We  may  cou leniently  oommence  with  the  three  nitrophenols, 
since  most  phenol  derivatives  can  be  more  or  less  directly  referred 
to  these  compoiuids.  Their  connexion  with  the  three  isomeric 
dibromobensenee  is  established  in  the  following  manner.  By 
heating  the  two  isomeric  nitrobromobenaenes  pzodnced  by  the 
action  of  uitiic  acid  on  bromobenzene  with  potassic  hydrate 
scdatioii,  the  potasainm  derivatives  of  the  two  nitiophenoii  which 
are  formed  on  nitrating  phenol  are  obtained : 

C^H.Br.NOg  +  aKHO  =  C,H^(N02).0K  +  KBr  +  OH,; 

Bfomonitr(>h«ni<oa.  Pittiwhnii  nltrnphtiMri- 

but  these  two  nitrobromobenaenes  are  respectively  convertible 
into  para-  and  or/Aodibromobenaene :  that  which  fnmishes  the 
non-volatile  modification  of  nitrophenol  yielding  paradibromo- 
benaene.  Hence  it  foUowa  that  the  non-volatile  nitrophenol 
(m.p.  114^  C.)  formed  on  nitrating  phenol  is  paramtraphenoi 
(OH  :  NO,  s  1  '.4),  whilst  the  isomeric  volatile  modification 
(M.F.  4f  C.)  is  orthonitrophenol  (OH  :  NO.,  =  1:2).  The 
third  isomeridc  is  consequently  lattanUrophenol,  (OH  :  NO^  =1:3), 
and  this  is  confirmed  by  its  productiou  from  the  modification  of 
dinitrobcnzene  which  is  convertible  into  metiulibroinobenzene. 
These  conclusions  are  supported  by  many  other  conversions 
which  need  not  be  detailed  here  ;  in  fact,  no  reactions  are  known 
which  are  not  in  accordance  with  them. 

The  constitution  of  the  monoiiitrophenols  being  known,  that 
of  a-dinitropheuol  is  rrudily  inferred  from  its  formation  from 
both  ortho-  and  paranitrophenol,  whilst  the  fact  that  both  a-  and  /3- 
dinitrophenol  furnish  metadiuitrobenzene  (NO,,  :  NO^  =  1^3) 
when  the  Oil  j^roup  is  displaced  by  hydrogen,  proves  that  in  the 
/3-compouud  both  NO^  groups  occupy  ortho-positions.  The  constitu- 
tion of  triuitrophenol  (from  phenol)  is  deduced  in  a  similar  manner 
Irpin  th«  observation  that  it  may  be  produced  by  the  nitration  of 
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both  a-  and  /3-dinitropheiiol.  The  following  symhols,  however, 
will  render  more  evident  the  nature  of  the  relation  to  each  other 
of  the  various  nitropheuols  formed  oii  uitratiiiy  phenol : 

OH        OH  OH  OH  OH 

'\      /^NOg  /^NO,  N0,/Nn0,  NO,/\nO, 


u  ■  u 


NO,  NO, 

Pmnltro*     Orthonltro-       •DliillraphMiol.        '  ^-IHnttroplMiioL  THiittraphaaot 
phenoL  j^usool. 
ILP.  114*  1LP"4S" 


By  displacing  tlie  NOo  group  iu  paranitrophenol  by  chlorine, 
by  Griess^s  method,  it  is  converted  into  the  chlorophciiol 
(n.p.  218°  C.)  which  is  the  main  product  of  the  action  of 
chlorine  on  phenol;  tlie  isomeric  chloro})heuol  (b.p.  176"^  C.) 
from  phenol  may  in  a  similar  manner  be  obtained  from  ortho- 
nitrophenol.  From  this  it  follows  that  the  two  chlorophenols 
profluccd  on  chlorinatinjj^  phenol  arc  respectively  para-  and 
orthochloro])hcnol.  The  constitution  of  the  monochlorophenoU 
has  also  been  established  by  their  formation  from  the  three 
isomeric  chloramidobcnzcues  or  chloraniliues,  and  by  their  cou- 
yeroiou  into  dichlorobenzenes  by  the  action  of  phosphoric  pcnta- 
chloride.  On  chlori nation  both  para-  and  orthochlorophenol 
fnmish  the  dichlorophenol  (tf.T.  43^  C.)  which  is  the  main 
pzoduct  of  the  oontinued  action  of  chlorine  on  phenol,  thus 
pnmng  it  to  be  paraorthochlorophenol.  The  constitution  of  the 
isomeric  dichlorophenol  (m.p.  65^  C.)  which  is  formed  in  small 
quantity  on  chlorinating  phenol  is  deduced  iu  not  quite  so  diiect 
a  manner.  It  may  be  obtained  by  displacing  the  NO,  group  in 
dicbloroysoronitropbenol  by  hydrogen,  but  by  the  action  of  aitrie 
add  on  the  latter  compound  ortkockUiro-a'dmUropheHoi  h  pro- 
duced, one  of  the  atoms  of  chlorine  being  diaplaced  by  NO, ; 
since,  however,  a-dinitropbenol  is  an  ortbopara^derivaAive  of 
phenol,  it  follows  that  the  chlorine  atom  which  ia  displaced 
occupies  ike  ortho-position,  and  that  consequently  both  chlorine 
atoms  in  dichloroparanitrophendl  occupy  ortho-positiona  as  an 
or/Aoohlorodinitrqphenol  is  formed  by  treating  it  with  nitric 
acid.    Thus : 
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OH 

OH 

1  I 

U 

u 

NO, 

MttrophsML 

•pJXDlliqplMDoL 

OH 


CI 


NO, 


NO 


OH 
CI  /  \  CI 


N0» 


Lastly,  since  both  the  above-mentioned  dichhjrophenols  fiiruish 
the  same  triclilorophenol  when  chlorinated,  this  compound  must 
be  a  diorthochloroparacliluro-deriviitive.  "We  may,  therefore,, 
represent  the  series  of  chlorophcnols  formed  on  chlorinating 
phenol  by  the  following  symbols,  which  it  will  be  noticed  eJUkCtij 
correspond  to  those  auigned  to  the  nitrophenok : 


OH 
/\ 

a 


Parachloro* 
phenol. 


OH 

/^Cl 

U 


Orthochloro" 
phenol. 
]|.P.si«* 


OH 


OH 
CI  CI 

u 

CI 


XXdilorophenol, 


The  constitiition  of  the  hromo-  and  iodophenols  may  be 
deduced  in  a  similar  manner,  and  that  of  the  haloid  nitro- 
]ihenola  is  also  readily  ascertained  since  they  have  been  obtained^ 
on  the  cue  hand,  by  nitrating  haloid  phenols  of  known  oonati- 
tntion,  and  on  the  other,  by  the  action  of  the  halogens  on  nitro- 
phenols  of  known  constitution.  For  eiample,  a  single  chloro- 
nitrophenol  is  obtained  on  nitrating  jvaracA/orophenol  which  is 
identical  with  one  that  ia  formed  on  chlorinating  or/Aoiit^phenol ; 
it  is,  therefore,  parachlororthonttro]dienol.  Parom/rophenol,  when 
chlorinated,  fornialiea  an  isomeric  panmitroehlorophenol,  which 
may  also  be  obtained  by  nitrating  er/AoeAlorophenol,  and  is, 
therefore,  paranitnxxrthochloiiophenol.  A  thixd  nitrochloiophenol 
is  obtainable  by  nitrating  orthochloioplienol,  and  as  on  further 
nitration  it  yields  orthochloio-a-dinitrophenol,  which  may  also 
be  formed  by  nitrating  orthochloroparanitrophenol,  it  must  of 
necessity  be  an  orf  AochlororlAonitrophenol ;  thus : 
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OH  OH 


NO. 


CI 


NO, 


a  NO, 

PancblororthoDttro-  OMhoohloropanidtM^ 


NO, 


CI 


[i4;4- 

OH 


Olihoehloronho- 


NO, 


The  foct  tliat  the  phenolme/oralphonic  acid  produced  hj  dis- 
placing one  of  the  snlpho-groiips  in  bensenemetadiBulphonio  acid 
hy  OH  (p.  479)  is  not  identical  with  either  of  the  phenol- 
ralphonic  adds  formed  hj  the  action  of  snlphnric  add  on  phen<d 
necessitates  the  condnsion  that  the  componnds  directly  produced 
from  phenol  are  the  or/Ao-  and  para-  acid.  By  its  converaon 
into  parachlorophenol  by  distillation  with  phosphoric  penta- 
chloride^  the  stable  modification  is  shown  to  be  the  para-add : 

C,H/SO^).OH  +  aPClj  =  C,H,Cl.OH  +  SOCl,  +  2POCI,  +  UCi; 

whilst  the  connexion  of  the  unstable  modification  with  the  ortho- 
series,  which  follows  from  this  observation^  is  confirmed  by  its 
conversion  into  orthodioxybensene  or  pyrocatechin,  CJdJlpH)^ 
on  fusion  with  potassic  hydrate.* 

The  dichloiophenolsulphonic  add  obtained  by  chlorinating 
the  stable  phendsulphonic  add  from  phenol  is  converted  into 
dichlorqporanitrophenol  by  the  action  of  nitric  add,  whilst  that 
produced  from  the  unstable  modification  furnishes  dichlovorlAoni- 
trophenol.  If,  from  a  consideraticm  of  the  evidence  above  given, 
we  regard  the  constitution  of  the  phendsulphonic  acids  from 
phenol  as  established,  these  results  may  be  regarded  as  a  proof 
that  when  the  phendsalphonic  adds  are  converted  into  corre- 
sponding nitro-derivatives  by  the  action  of  nitric  add,  the  SO3H 
or  sulpho-group  is  directly  displaced  by  the  NO,  group  ;  thus : 


NO, 


NO, 

JMeUoroparanitnh 
pbeuol. 


SO,H 


Dichlriri'i-ihc'ii.  ilpara- 
•ulpbouic  add. 


OH 

ci/N 

Cl 


IMchK>rii:thonltlO> 
pheuol. 


SO,H 


Dichloruphcnolortb^ 
•tilphcmic  acid. 


*  Althottgh  iflomerio  change  not  imficcqnmtly  tsk«t  place  wheo  enoh  eon- 

pounds  ns  the  sulphonio  adds  are  fmad  with  potaaiie  hydratSpthe  fonaatkm  of 

the  ortho-modification  of  dioxybenzene  1ms  never  been  observed  in  any  ca*^ 
in  wiiich  the  production  of  its  ibomehUes  it)  to  be  expected  (see  Diozjrbenzeues). 
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It  will  now  be  uudtrstuud  without  further  explanation  that  the 
constitution  of  the  haloid-  and  haloid-uitro-phenolsulphonic  acids 
is  readily  inferred  from  their  formation  from  the  haloid-phenola, 
&C.J  and  from  their  conversion  into  haioid-uitrophenols  of  known 
constitution. 

(1475)  Substitution  in  the  Phenol  Series. — On 

comparing  together  the  various  eompounds  produced  directly  from 
ph(MK)l,  it  will  be  evident  that  the  formation  of  substitution 
derivatives  from  it  is  regulated  by  very  simple  laws^  which^ 
briefly  stated,  are  as  follows : 

1.  That  the  action  of  the  halogensi  and  of  nitric  and  sul- 
plnuic  addSj  and  probably  of  reagents  generally,  on  phenol  is 
nmttar,  inaBmuch  as  the  same  hydrogen  atoms  are  always  displaced, 

2.  That  under  what  may  be  termed  ordinary  conditions  at 
most  three  atoms  of  hydrogen  in  pbenol  may  be  displaced.  ThuSj 
the  action  of  nitric  add  ceases  with  the  production  of  trinitro- 
phenol,  which,  howerer,  is  fonned  without  difficulty.  Sinularly, 
chlorine,  bromine!,  asd  iodine  leadily  oon?ert  phenol  into  the  oor- 
vesponding  trihaloid  deriTatiTct,  bat  higher  deriTctiTea  are  only 
obtained  on  heating  to  a  compaxatiTely  high  temperatnre,  or  by 
the  aid  of  powerful  agents  tnch  as  antimony  pentadiloride. 

3.  That  the  three  atoms  of  hydrogen  which  may  be  displaced 
are  those  which  occnpy  the  ortho-positions,  1  :  a  and  1  :  6,  and 
the  para-position,  1:4;  oie/a-  or  i  :  3  and  1 : 5  denTatiTes being 
rarely  produced.  Thus,  neither  nitric  nor  sulphuric  acid  appears 
to  have  any  tendency  to  form  mda-deriTatives^  neither  have  they 
been  obtained  by  the  action  of  chlorine,  whilst  metabromophencd 
is  produced  apparently  only  under  special  conditions.  At  present 
it  is  not  known  whether  metiodophenol  is  a  constant  product  of 
the  action  of  iodine  on  phenol,  but  it  probably  is. 

4.  That  a  mixture  of  the  ortho-  and  para-mono-derivatives,  in 
pro|>ortion8  which  vary  according  to  the  conditions  of  experi- 
ment, is  always  produced  in  the  first  instance  :  the  exact  manner 
in  which  the  proportions  vary  with  the  conditions  has  not  been 
ascertained.  On  furtlier  treatment,  the  para-raono-dcrivatives 
always  furnish  paraortho-di-derivatives,  but  the  ortho-mono-deri- 
vatives yield  paraortho-di-derivatives  and  a  variable  amount  of  the 
diortho-di -derivatives  ;  both  the  paraortho-  and  the  diortho-di- 
derivatives  are  finally  converted  into  para-diortho-tri-derivatives. 

The  meta-mono-derivatives  of  phenol  apparently  resemble 
phenol  itself  in  their  behaviour,  metabromophcnol  being  readily 
converted  into  tetrabromophenol  by  the  action  of  bromine.  It 
is  also  probable  that  the  order  in  which  substitution  is  effected 
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is  the  same,  nnoe  the  two  duutrophenols  Ibuned  on  nitratiiig 
metanitiophenol  eihihit  considerable  rewmbluice  to  the  two 

nitrophenols  obtained  from  phenol :  the  one  being  non-Tolatile 

and  soluble  in  water,  and  the  other  yolatile,  thus  agreeing  in 
properties  with  para-  and  orthonitrophcnol  respectively,  and  we 
may  therefore  infer  that  they  are  similarly  constituted. 

(1476)  Alcohols  of  the  Composition  0^11^.011  =  108. — Four 
alcohols  derived  from  toluene  are  known — viz.,  henzylic  alcohol, 
C^ll^.CUoiOU),  and  the  three  isomeric  cresols,  CH,.CgH^.OH. 

(1477)  Benzyltc  Alcohol  or  Phenylcarbinol :  C^Hj.CHgiOH). — 
According  to  Kraut,  Peru  balsam  consists  essentially  of  beuzylic 
cinnamate,  C-lI^O.CgllyO,  from  which  bcnzylic  alcohol  may  be 
obtained  by  treating  it  with  potassic  hydrate  ;  benzylic  ethers 
are  also  present  in  Tolu  balsam  and  liquid  storax.  To  prepare 
the  alcohol  from  toluene,  CgH^.CHj,  the  heated  hydrocarbon  is 
submitted  to  the  action  of  chlorine;  the  benzylic  chloride, 
CgHg.CHgCl,  thus  produced  is  converted  into  the  acetate  by 
heating  it  with  potassic  acetate,  and  the  acetate  saponified  with 
potassic  hydrate ;  or  the  chloride  may  be  directly  converted  into 
the  alcohol  by  heating  it  with  plumbic  hydrate  and  water.  Benzylic 
alcohol  is  also  produced  together  with  potassic  benioate  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  on  benzoic 
aldehyde,  CfH|,COH,  and  together  with  hydrobenioiii  and  other 
Bubstanees  when  benioic  aiad  is  treated  with  aodiiiiii  wmalgam. 

It  is  a  eolonrlesB,  highly  lefiractiTe,  oily  Uquid,  insoliible  in 
water,  possessing  a  feeble  pleasant  odour;  it  boils  at  207^ 
(404^*6  F.),  and  at  (39"^  F.)  has  the  specific  gnmty  1*06.  It 
remains  liquid  at— 18°  (~o%  F.).  On  oxidation,  it  fomishes 
bensoic  aldehyde  and  bensoic  acid.  When  distilled  with  a  con* 
centrated  potassic  hydrate  solntion  a  portion  is  converted  into 
potassic  benioate^  and  another  portion  redoced  to  toluene. 

The  chlorinated  toluenes  of  the  formula  C^U^.^Clo  CHgCl  yield 

dblorinated  derivatives  of  beuzylic  alcohol  when  converted  into 

the  corresponding  acetates^  and  these  are  subsequently  saponified ; 

these  substances,  of  which  the  complete  series  has  been  obtained, 

are  colourless  crystalline  bodies  (Beilstein  and  Kuhlberg). 

Mononitrobenziflic  alcohol^  C,H^(NOj.CHj(OH),  prepared  from  metanitro- 
beinoio  alddijde  by  treatment  ^th  alcoMio  soliitioii  of  potaaaie  hydnte,  is  a 
viscid  oil  (Qrimaax,  Ann.  Chem.  Pharm.,  cxlv.  47),  whilst  the  compound 
obtained  by  saponifying  nitrobenzylic  acetate  (formed  by  dropping  benzylic 
acetate  into  fuming  nitric  acid)  cr}8tallize8  in  slender  colourless  needles,  wliich 
melt  at  93°  (i99'^'4  As  it  yields  paranitrobenzoic  acid  on  oxidation,  it  ia 
evidently  a  parawlerivative.  By  the  action  of  fuming  nitrie  seid  it  is  eoavwtsd 
into  diDitrobenxylio  alooholi  tbu  eryeUUiaes  in  needles  whieh  ndt  at  71* 
iiSf'^      (Bidlateia  and  Kohlbflig,  ibid.,  otlvii.  339). 
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{1478)  Cresol  or  Methylphenol :  CHg.CgH^.OH. — Para-  and 
orthocreaol  are  obtained  respectively  from  the  potassdc  salte  of  the 
|»anir  and  ortbotoluenesulphonic  acids  produced  on  wanning 
tolnene  with  sulphnric  acid  by  fusing  them  with  potaatic 
hydrate.  They  may  also  be  prepared  from  the  corresponding 
nitrotoluenes.  Metacresol  is  prepared  by  heating  thymol  or 
methylpropylphenol  with  phosphoric  anhydride,  when  propylene 
is  evolved,  and  a  cresylic  phosphate  produced  ftom  which  meta- 
cresol is  obtained  by  fusion  with  potassic  hydrate ;  it  is  also 
formed  on  distilling  the  baric  salt  of  oxyuvitic  acid, 
C,H2(OH}(CH3)(COOHV  with  lime  or  baryta  (Oppenheim  and 
PAtf,  DeiU,  cftem.  Get.  Ber.,  viii.  886).  Orthocresol  is  prepared 
in  a  similar  manner  from  carvacrol,  the  isomeiide  of  thymol. 
Coal  tar  oil  certamly  contains  both  para-  and  .orthocresol,  and 
probably  alio  metacresol. 

Panusresol  is  a  white  crystalline  substance  which  melts  at 
36°  (96*'*8  F.);  according  to  Schiff  [ibid.f  viii.  1201),  it  boils  at 
198® — 199°  (388°-4 — 390°-2  F.).  Metacresol  has  only  been 
obtained  as  a  liquid,  boiling  at  200°  — 201°  (392° — 393°*^  ^O* 
Orthocresol  is  a  crystalline  solid  which  melts  at  31°  {87°-8  F.), 
and  boils  at  185°— 1*86°  (365°— 366°-8  F.)  (Kckule,  ibid.,  vii.  1007). 
When  oxidized  by  fusion  with  potassic  hydrate,  paracrcsol  is 
converted  into  paroxybenzoic  acid,  and  metacresol  into  the 
isomeric  nietoxybenzoic  acid,  orthocresol  yielding  salicylic  or 
orthoxybeuzoic  acid  :  the  third  acid  of  the  composition 
CglIj(On)COOH.  By  the  atition  of  a  mixture  of  potassic 
chlorate  and  hvdrocldoric  acid,  which  exercises  simultaneously  a 
chlorinatinij  and  an  oxidizing  action,  metacresol  is  converted 
into  a  dichlorotoluquinone,  C-HjCl.,0.„  orthocresol  yielding  a 
mixture  of  a  di-  and  trichlorotoluquiuone,  but  paracresol  does 
not  furnish  a  quinone  derivative. 

Very  little  is  known  of  the  derivatives  of  the  eresols.  On 
nitration,  paracresol  is  converted  into  an  orthonitroparaofesol, 
melting  at  33°  (9i°*4  F.),  which  in  all  respects  is  the  analogue  of 
orthonitrophenol ;  on  further  nitration  this  yields  a  diorthonitro- 
paracresol,  melting  at  84''  (183^' 2  F.),  which  very  closely  resembles 
diorthonitrophenol.  Paracresol,  however,  cannot  be  converted 
into  a  trinitro-derivative,  but  metacresol  yields  without  difficulty 
a  trinitrometacresol,  resembling  trinitiophenol,  and  which  melts 
at  about  105^  (a2i**F.).  Similarly,  by  the  action  of  bromine  on 
the  sulpho-acid  produced  by  dissolving  paracresol  in  sulphuric 
add,  a  bromoparacresolorthosulphonic  add  is  produced,  but  a 
higher  brominated  derivative  of  this  acid  cannot  be  obtained,  the 
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8ulpho-group  being  displaced  by  bromine  by  the  furtber  action  of 
the  latter. 

(1479)  Alcohols  of  the  Composition  C^H^.0H=I22. — ^No  less  than 
eight  of  these  alcohols  have  heeu  deiKjribedj  but  none  of  them  have  bieu 

Patraii^lie  Ahokol  or  HbJ^eaMiols  CH,.C,H,.CH.(OH)  (CH.:CH,(OH) 
=  I  :  4),  is  produced  00  Imtbg  paratoluic  aldehyde  vrith  an  alooholie  solution  of 
potamic  hydrate  (Cannizzaro,  Compt.  Rend.,  liv.  1225).  It  is  a  white  crystalline 
substance,  which  melta  at  59°  (i38°-2  F,).  and  boils  at  217°  (422°*6  F.)  j  it  i« 
reconverted  iuto  the  aldehyde,  CH,.C,H^.COH,  by  oxidation. 

Secondary  Pheniflethylie  Alcohol  or  MethylphenyleaMmoi  s 
CH,.CH(C,H,).OH,  is  obtained  by  ih»  ucAion  of  nascent  hydrogen  oa 
methylphenylketone,  CH,.CO.C,Hj,  and  by  saponifying  the  acetate  tbrmed  from 
bromethylbenzene,  CgHj.CHBr.CH,.  and  argentic  acetate  with  sodic  hydrate 
solution  (liadziszewsky,  ibid.,  vii.  1 40^.  It  is  a  colourless  highly  refractive  liquid 
of  anplaiMDt  odour,  which  boils  at  about  203°  (397°'4  F.) ;  on  aridstion  it  is 
reconverted  into  the  ketone. 

Primary  PkenyleikyUe  MeM  :  Cfi^,Ca,.CU,(OYl),  is  obtained  by  the 
action  of  sodium  atnalgam  on  an  aqueous  alcoholic  Holution  of  phenylacetic 
aldehyde,  CjH^.CHj.COH.  It  is  a  colourless  liquid  of  faint  odour,  of  the  8pe<-ific 
gravity  1-0337  »t  ai''  (69"-8  F.),  and  boils  at  ai2°  (413^  6  F.).  It  luruishe* 
phenylaeefeicdddiydeand  phenylaoHae  aoidoo  oaridatioii.  Primary  pkenykthylic 
mecteUCy  C,H,.CH,.CU:g.C,U,0,,  is  a  oolowlaM  Uqoid,  possessing  a  powerful,  plea- 
sant odour,  which  boils  withoat  deoompoeition  at  224**  (435°'2  F.);  it  readily 
fumihhes  the  alcohol  on  saponiBcation  with  potassic  hydrate  (Radzi;^zewsky, 
Deut.  chem.  Gts.  Ber.,  ix.  372).  When  it  ia  added  to  an  excess  of  acetic 
ddoride,  chiefly  acetic  ucid  and  cblorethylbenzene,  C,Hj,CHCl.CU,,  are  produced. 
Secondary  phanylotkylie  tuotaie  hM  a  plenant  jasmiBe-like  odoar,  and  boUa  aft 
ai3*— 216"  (4i5"'-4— 4ao''8  F.).  but  is  at  the  8ame  time  partially  deeompoeed 
into  acetic  acid  and  cinnamene.  It  cannot  be  saponified  with  an  jdcoholic  solution 
of  put^iMsic  hydrate :  the  chief  products  in  this  case  being  ciunameue  and  meta- 
cinnuuieue. 

Xmo/,  Xylenol  or  (hydtmothylbeiuom :  C,H,(CH,),.OHd— Wbem  aoaKte 
xylene,  eooiktiog  ohieflj  of  nutadkaitbylbeiiaMM,  is  oonvated  into  eolpbo-aeidt 

and  the  potassic  salt  of  the  latter  Lb  fused  with  potassio  hydrate,  a  mixture  of 
phenols  is  produced,  from  which  a  crystalline  metaxenol,  C,H,(CH J.^.OH,  and  a 
liquid  isomeric  phenol,  which  is  probably  paraxcnol  derived  from  the  paradi- 
methylbenzene  present  in  coai-tar  xylene,  niay  be  separuted.  The  crystalline 
zenol  is  alao  fomed  on  ftiring  meiityleneBulphonio  add  with  poteano  hydrate; 
in  thte  case  not  only  is  the  sulpho-group  dbplaced  by  OH,  but  one  of  the 
methyl  groups  is  oxidized  to  COOH,  and  the  elements  of  a  molecule  of  carbonic 
anhydride  are  also  removed.  This  latter  method  of  formation,  it  will  be 
evident,  enables  us  to  inter  the  constitution  of  the  crystalline  xeuol ;  thus : 
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But  on  a  priori  grounds  it  is  probable  that  the  xenol  from  metazylene  has  the 
ooiMtitotion  malted  to  it»  Indcfpendmitly  of  th«  wiABom  ifiiMrdad  by  ito  fiinii*- 
tkni  ftom  mMitytene,  as  it  has  been  observed  that  when  di-dflrimtifM  of  benseno 
are  converted  into  tri-derivatives  the  tendency  is  always  to  form  a  i  :  2  :  4  de- 
rivative, so  that  the  conversion  of  metadimethjlbenzene  (CH,  :  CH^  =1  :  3) 
into  the  salpho-acid  (HSO,  :  CH,  :  CH,  =  i  :  2  :  4)  is  what  is  to  be  expected. 

Metazeool  crystallizea  in  large  colourieM  prisma,  which  are  veiy  volatile,  and 
note  iii  75''  (167"  F.);  it  baib  at  aboat  215*  (419"  F.).  It  is  mmumIj  sdaUe 
in  water,  but  dissolves  in  all  proportions  in  akohol  and  ether.  When  dissolved 
in  ij^lacial  acetic  acid  and  mixed  with  bromine,  it  is  converted  into  dibromometa- 
xenol.  which  crystallizes  in  white  needles,  melting  at  about  81°  (i  77°"8  F.) ; 
the  same  compound  is  obtained  ou  adding  bromine  to  a  solution  of  the  meta- 
asuolsulphonio  add  prodnoed  by  tho  notion  of  sulphurio  add  on  motaiMioL 
When,  however,  bromine  is  added  to  tnoteienol  suspended  in  water  and  tbe 
product  is  crptallized  from  alcohol,  a  substance  which  crystallizes  in  golden  yellow 
plates,  melting  at  about  iSo**  (356°  F.),  is  obtained,  the  nature  of  which  has 
not  yet  been  satisfactorily  ancertained;  it  would  appear  to  be  a  dibromo-deriva- 
tivo  of  a  compound  oontauiing  proportionally  loM  hydrogen  than  the  xenol  from 
wbidi  it  is  dsrivod. 

Liquid  xenol  has  a  somowbat  lower  bmliog  point  tbaa  tbe  orjstalline  imh 
neride,  but  has  not  yet  been  examined. 

Jithylphenol  or  Oxyvihylhenzenf  :  C',H^.('J  1  ^  ( )1 1. — Kthylbenzpnc,  like 
methylbeuzene  or  toluene,  when  heated  with  concentrated  sulphuric  acid,  fur- 
nisbfla  n  miztufo  of  two  isomerio  solpbo-Mids,  and  firom  the  genenl  nsomblanoo 
in  behnvioar  botwesn  niittiyl-  and  otbjlbennne  it  oaa  seaioely  bo  donbted  that 
the  two  acids  are  respectively  para-  and  orMoethylbenzene«ul phonic  acid.  On 
heating  the  potasaic  salts  of  the  crude  product  with  potassic  hydrate,  a  mixture  of 
tbe  oorre«ponding  ethylphenols  is  produced.  From  this  mixture  the  chief  pro- 
duct  may  be  separated  by  fractional  distillation  and  cooling  the  distillate ;  it  is 
tbon  obtoinod  in  kigo  ookmrlcas  tnaspoivnt  priamatio  orysfeals,  wbidi  ndt  at 
about  47"  (ii6''-6  F.).  It  boils  at  209°— 210°  (4o8°-2 — 410*  F.),  according 
to  Fittig  and  Kiesow;  at  214** — 215"  (4i7"*'2 — 419"  F.),  according  to  IJeil- 
stein  and  Kuhll)erf::'.  Unlike  metaxenol,  it  instantly  liquefies  in  contact  with 
wat«  r,  but  like  the  former  it  is  very  volatile.  The  isomeric  ethylphenol  has 
not  yet  bean  separated  in  a  pan  atato}  it  k  said  to  ba  a  liquid  boiling  at  aia* 
(4i3''6  F.).   No  dsriTstivaa  of  aitbor  of  thasa  pbanols  hato  aa  yet  bean  piipaiad. 

Pklorol  is  obtained  by  distilling  tba  barie  salt  of  phloretic  acid,  0,H,,0,, 
with  lime.  It  is  a  colourless  liquid,  resembling  phenol  in  odour,  but  does  not 
solidify  when  cooled  to  -  18^  (  -  o°'4  F.)  ;  it  boils  at  about  220"  (428°  F.).  Ifc 
is  said  to  be  converted  into  a  triuitro-derivative  by  concentrated  nitric  acid. 

Phloretic  acid  yields  i^arooxybenimo  aoid  when  ftised  with  potassic  hydrate, 
and  methylphloretic  acid  is  converted  into  panunotboi^banzoic  or  anisic  aoid, 
C,H^(OCH,).COOH,  on  oxidation.  Henoe  it  would  seem  that  there  are  bat 
two  side-chains  in  phloretic  acid,  and  since  the  one  is  hydroxy  1,  the  conclusion 
is  forced  upon  us  that  it  is  a  phenolpropionic  acid,  C,U^(OU).C,U^.C0OU,  in 
which  tbe  OH  and  C,U..COOH  groups  relativelj  oeenpj  tha  positions  i  and  4. 
Baft  iftbiabatba€an8tttafeionofpb]ofotioaad,itftltowB  that  pbloral  moat  ba 

It  doaa  not  aeero,  however,  to  ba  idantkal  with  tiio  eryalallbDa  athylphenol 
from  ath^UMmana,  which  there  is  every  reason  to  believe  k  paraethylphanol ; 
mocaorar,  judging  from  tho  babavioor  of  ponmreaol,  it  k  improbabk  tbat  para- 
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ethylplwiiol  would  fiinitth  a  tnnito-derivativ*.   From  this  it  will  be  nen  thai 

at  present  the  coutitlltioii  of  phlorol  is  uncertain.  According  to  Maraase 
(Ann.  Chem.  Pharm.f  oUi.  75),  a  colourle88,  oily  liquid,  iitomeric  or  identical 
with  the  above,  is  aontained  in  beech-tar,  and  is  found  in  that  portion  of  the 
phenola  which  distils  betwe^  217''  and  220^  (422^*6 — 428°  F.).  The  oil  eK> 
traeled  from  tlie  rooti  of  Amiea  moiitana,  tooording  to  Sigol,  contaioe  phknrol 
M  isobutyric  ethtr  (ibid^  da.  345), 

(1480)  Alcohols  of  the  Composition  CJTj,.OTT  -  136. — Only  threomo- 
nohydric  alcohols  derived  from  hydrocarbons  of  the  composition  CMI,.  are  known. 

Primary  Phen^l^roj)iflic  Alcohol  :  C^H^CH^CH  .011,(011),  is  present  in 
•torax,  probably  at  ft  eiimemie  other,  ind  it  oonttined  m  oommerrial  cmmmie 
alodioL  It  may  be  prepared  by  the  action  of  naeeeni  hydrogen  on  dnnamio 
aloohol,  C^U^.OH.  It  is  a  colourless,  thick  liquid,  of  the  specific  gravity 
I'ooS  at  18°  (64°*4  P.),  which  boils  at  235"  (455^  F.) ;  on  oxidation  it  yields 
hydrocinnamic  acid,  CJI,.CH5.CH,.C00H  (Fitti^'.  heut.chem.  Cits.  Bcr.M.  215). 

Secondary/  Pkenj/lpropylic  Alcohol :  C,llj.Cli(C^li  j.OH,  i»  produced  from 
etbylphenyl  ketone,  C,H^.CO.C,H,,  by  the  aotion  of  naeeent  hydrogen.  It  boils 
at  about  310°  (410°  F.)*  bot  is  partially  decomposed  (Barry,  ibid.,  vi.  looS). 

Metitol  or  Orymesitylene :  C,Hj(CII,),.OH. — This  phenol  is  produced  by 
carefully  fusing  the  potassic  salt  of  mesitylenesulphonic  acid  with  potassic  hydrate, 
and  from  nitromesitylene  by  displacing  the  NO,  group  by  OH  (p.  471).  It 
orystallizes  in  long  white  needles,  which  melt  at  dS*-— ^9°  (i54°'4 — 156°'2  F.) ; 
bromine  eonwrte  it  into  a  monolnomo-derivatiTe^  which  mdte  at  80*  (176®  F.) 
(Biedermann  and  LedoQZ,  Dmtt.  chem.  C^et,  Ber.,  viii.  57 — 250). 

( 1 48 1 )  Alcohols  OF  the  Composition  C,jHj,.OH  =  i  50. — rumic  or 
Cumint/lic  Alcohol:  C.H..CJ l^.CH.^(OH),  produced  from  cuuiic  aliKliyde,  is  a 
colourless  liquid,  of  faint  but  agreeable  aromatic  odour,  which  boils  at 
243°  (469°  4  F.) ;  on  oxidation  it  yielde  comie  acid,  C,H,.C,H,.00OH,  which  bj 
linther  oxidation  may  be  converted  into  terephthalic  acid,  C,U4{00OH)^  provii^ 
that  the  C,H;  and  CH,(OU)  groups  in  the  aloohol  are  relatively  in  tim  par»- 
poeition.  By  the  action  of  an  alcoholic  solution  of  potaasic  hydrate  it  is  converted 
intocymene  and  potassic  cuminate  (Kraut,  Ann,  Chcm.  Pharm.,  xcii.  66). 

Phenj/lpropylcarhinol :  C,H,.CH(C,H,).01I,  has  been  prepared  Irom  the 
oomepond^  ketone^  bat  not  yet  examined. 

2%IM0<:  C,H,«.C,H,(CU,).OH.~ThiH  phenol  is  contained  together  with 
terpenes  and  cymene  in  various  essential  oils,  such  as  oil  of  thyme,  the  oil  of 
Ptt/cholis  AJotcan  and  tiie  oil  of  Monarda  punctata.  It  crystallizes  in  large 
colourless  prisms,  possessing  an  agreeubU  odour  of  thyme,  which  melt  at  44^ 
(I  I  F.) ;  it  boila  at  230''  (446^  F.).  On  oxidation  with  eulphoric  acid  and 
manganeeo  dioxide  it  fonuahee  thymoqninono,  Cj,H,,0^  A  nmnber  of  adbetita- 
tion  dtrivatiTea  of  thymol  have  been  prepared,  but  little  is  known  of  their  pro- 
perties. It  is  stated  that  by  the  prolonf^ed  action  of  chlorine  it  is  ronvertt-d 
into  peniachlorothyntol,&ud.  that pentahromothi/mol  is  produced  by  the  action  of 
bromine  in  sunlight;  when  bromine  is  added  to  a  soluiiou  of  the  thymolsol* 
phonic  acid  fimned  by  dimolving  thymol  in  eolphurio  acid,  a  bromotiiymol* 
salphonic  acid  is  produced,  which  in  converted  by  the  farther  action  of  bromine 
into  dihromothymol,  which  separates  as  an  oil.  Similarly,  by  treating  the  sulpho- 
acid  with  nitric  acid,  a  crystalline  dlyiitrothymol  is  readily  produced,  and  it  i.^ 
stated  this  may  be  converted  into  iriniiroth^fmol  by  dissolving  it  in  a  mixture  of 
oonoentrated  nitrie  and  lulphnric  adda  (LaUemand,  Amu.  Clew.  Piarm.,  ci.  1 1 9, 
ciL  119).  When  thymol  ia  distilled  with  phoephorio  pentMhkride  the  OH 
group  U  displaced  by  chlorine,  and  ik>in  tlu>  chloroejmene  thna produced  cymene 
may  be  obtained  by  the  action  of  nascent  i>ydro«;en. 

Carvacrvl:   C,li,''.C,ll,(CHJ.011,  the  isomeride  of  thymol  may  be  ob- 
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tained  from  the  sulpho-acid  prepared  from  cymene  or  paramethylpropylbonzenc  by 
fusing  it  with  jpotassic  hydrate,  and  by  heating  camphor  with  one-third  of  its  weight 
of  lodittei  it  is  alao  produced  what  carvol,  a  neutral  body  of  the  nine  compori- 
tion  M  CMf  lawl,  which  ie  >  oomititoent  of  <^  cerawy,  ii  wmed  with  a  ioiaU 
quantity  of  orthopbosphoric  acid«  the  earvol  then  undergoing  isomeric  change. 
Carracrol  is  an  oily  liquid  whidi  boils  at  about  233"  (45i*'4  F.)-  Its  deriva- 
tives have  not  yet  been  cxamitinl.  On  oxidation,  it  is  converted  into  tbymo- 
quinone  identical  with  that  produced  irom  thymol. 

The  eymene  ohtuned  ftmn  thymol  it  identioei  with  that  firom  which 
carvacrol  may  be  pvepared ;  hence  it  follows  thai  thymol  and  eMrracrol  an  bo0i 
derivatives  of  the  same  paramethylpropylbenzeiM  or  cymeoe^  and  this  conclusion 
is  confirmed  by  the  observation  that  both  furnish  thymoquinone  on  oxidation. 
The  position  of  the  OH  group  may  readily  be  deduced  from  the  fact  that  thymol 
is  converted  into  m«/acretK>l,  aud  cairacrol  into  or/Aocretiol,  by  the  action  of 
idiosphorio  aahydrida:  it  win  he  erident  on  oomparing  the  following  symbola 
that  in  thymol  die  OH  group  is  in  the  meta-position  ftlatively  to  tha  methyl-gioap, 
whilst  in  carvaerol  it  occupies  the  ortho<pa8itk»: 


CH. 


CH, 


OH 


C.H, 


CII. 


CH. 


OH 


ThynoL 


Ortkoonsol. 


(1482)  Syrocerylic  Alcohol:  C,,Hj^.OH. — This  alcohol  is  produced  by 
treating  sycocerylic  acetate,  a  constituent  of  the  resin  of  Ficu4  ruhiginosa  from 
Kew  South  Wales,  with  sodic  ethylate.  It  forms  very  slender  crystals,  which 
meh  at  90°  ( 1 94°  F.),  and  distils  partly  midecomposed.    Little  is  known  of  the 

properties  of  this  body  (De  la  Roa  and  Miller,  Jour.  CAem.'Sor.,  v.  62). 

In  concluding  this  brief  account  of  the  alcohols  derived  from  the  hydro* 
carbons  of  the  benzene  series,  we  may  refer  the  student  to  Watts'  "  Dictionary  of 
Chemistry,"  voL  iv.  and  ist  and  2nd  supplement,  for  furtiier  particulars  as  to 
thatr  preparatua  and  properties. 


§  Y.  MoKOHYDKic  Alcohols  derived  from  Uydbocaebuns 

lauLooous  WITH  Benssns. 

(1483)  Alcohols   derived  from   the  Hydrocarbons  of  the 

C„Hjn_g  or  Ciniiamene  Series. — Ouly  four  are  known — viz., 
cinnamic  alcohol  aud  the  phenol  anol,  both  of  which  have  the 
composition  CjIIi,jO,  and  the  isomeric  bodies,  ckoksterin  and  iso- 
choksieriuj  CggH^^O. 

Cinnamic  Alcohol:  CgIl5.CIIZZCILCIl2(OH),  is  obtained  on 
distilling  cinnamic  cinnanuitc  or  styracin  (a  constituent  of  liquid 
storax  and  of  Peru  balsam),  CjH^Og.CjHj,  with  a  concentrated 
solution  of  potassic  hydrate. 

It  cryatallizes  in  colourless  glistening  needles  possessing  a 

/ 
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pleasant  odour,  sparingly  soluble  in  water,  bat  readily  soluble  in 
aloobol;  it  melts  at  (91''  4  and  boils  at  250^"  (482''  F.). 
When  eaiefnlly  oxidised,  it  fbmlshes  cinnamie  add,  CgH^O,.  It 
combines  directly  widi  bromine,  forming  the  compound 
CgHg.CHBr.CHBr.CHgCOH) ;  on  treatment  with  hydrochloric 
acid  gas,  it  furnishes  chlorocinnamene,  CflH..CH  CH.CH^Cl ; 
by  the  action  of  nascent  hydrogen  it  is  in  part  converted  into 
allylbenzene,  and  in  part  into  phenylpropylic  alcohol. 

Anol  or  Allylphenol :  CgHg.CgH^.OIl,  is  prepared  by  carefully 
heating  anethol,  CgHg.CgH^.OCHg,  with  fused  potassic  hydrate  ; 
the  product  is  dissolved  in  water,  and  on  adding  an  acid  the 
anol  is  precipitated  in  yellow  flocculi.  In  thus  precipitating  it 
from  the  alkaline  solution  it  is  necessary  to  keep  the  liquid  riold, 
or  it  separates  as  a  black  oil,  which  soon  resiniHes. 

Anol  crystalhzes  from  hot  water  in  white  glistening  plates, 
which  melt  at  ^2°'^  (i98°'5  F.) ;  it  boils  at  about  250°  (482°  F.). 
It  dissolves  in  alcohol,  ether,  and  chloroform  :  it  does  not  always 
crystallize  from  these  solutions,  but  sometimes,  especially  when 
the  solution  is  exposed  to  the  air,  it  passes  into  the  condition  of 
n  brown  liquid  insoluble  in  water. 

Cholesierin :  CjfU^.OH,  is  a  substance  which  occurs  very 
frequently  both  as  an  animal  and  a  vegetable  product.  It  is 
present  in  yarious  parts  of  the  animal  system;  in  biliaiy  calculi, 
of  which  it  sometimes  constitutes  nearly  the  entire  substance  ; 
in  the  j6lk  of  egg ;  in  the  &t  extracted  from  the  fleece  of  sheep^ 
chiefly  in  the  form  of  ethereal  salts  of  acids  of  the  acetic  an4 
oleic  series ;  and  in  various  vegetable  substances,  in  the  fixed 
oils,  for  example,  and  seeds  such  as  peas,  wheat,  and  maiie. 

Cbolesterin  is  'tasteless,  inodorous,  insoluble  in  water,  and 
sparingly  sohible  in  cold  alcohol,  but  easily  soluble  in  boiling 
alcohol ;  it  dystalliies  with  a  molecule  of  water  in  thin  white 
shining  plates,  which  melt  at  about  144°  (291^*2  F.).  Its  solu- 
tions exert  a  Itevorotatory  action  on  pcdarixed  light.  On  adding 
sodium  to  a  solution  of  cbolesterin  in  petroleum,  sodie  ^olesleiy- 
late,  Cjgll^j.ONa,  is  formed  with  evolution  of  hydrogen.  By  the 
action  of  phosphoric  pentachloride,  or  by  heating  with  concen- 
trated hydrochloric  acid,  the  OH  group  in  cbolesterin  may  be 
displaced  by  chlorine.  Cholesterylic  chloride,  Cj^H^^Cl,  is  a 
crystalline  substance,  which  melts  at  100°  (212°  F.) ;  whcu 
digested  with  ammonia,  it  furnishes  eholesterylaniine,  CogH^.H^X, 
which  crystallizes  in  colourless  plates  melting  at  104°  (21 9^*2  F.). 
Cbolesterin  also  enters  into  reaction  with  acids,  forming  ethereal 
salts :  thus,  by  heating  it  with  benzoic  acid  at  200°  (392°  F.),  it 
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i8  nonverted  into  cholesterylic  benzoate^  C^H^O.G^H^O^  which 
dystallises  from  ether  in  small  glistening  plates,  melting  at  150° 
(301^  F.)  (Schulse^  Joum.  pr,  Chem,  [2],  vii.  163) ;  the  acetate^ 
CojH^O.CgHjO,  formed  by  the  action  of  acetic  chloride^  crys- 
tallizes in  small  colourless  needles,  which  melt  at  92^  (197***^  F*) 
(lioebisch,  Deui.  ehetn,  Ge».  Btr,,  v.  510).  Cholesterin  com- 
bines with  a  molecule  of  bromine,  forming  the  compound 
Cs^H^^Br^.OH ;  this  crystallizes  in  small  colourless  needles,  me}tiug 
at  147°  (296''*6  F.))  and  is  reconverted  into  cholesterin  by  the 
action  of  nascent  hydrogen  (Wislicenus  and  Moldenhauer,  Aim. 
Chem.  Pherm.,  cxhi.  175).  By  oxidation  with  potassic  dichromate 
and  sulphuric  acid,  cholesterin  is  converted  into  a  white  amorphous 
acid,  havinjz:  the  composition  of  oxycholic  acid,  C^,gH^Og,  small 
quantltii\s  of  acids  of  the  acetic  scries  being  also  produced 
(Locbisch  ;  compare  Latschinotl",  Dct/f.  ehetn.  Ges.  Bcr.,  ix.  131  0* 

IsoehoU'sterin  accotiipaiiics  cbolcstcrin  in  wool-grcasc  (Sclmlzc, 
lor.  cit.).  It  separates  from  a  dihitc  alcoholic  solution  in  white 
flocculi,  but  a  liot  concentrated  >()liit;ou  scjlidities  on  cooling  to  a 
transparent  jelly  ;  it  crystallizes  from  ether  and  acetones  in  fine 
transparent  needli's,  wliich  melt  at  137° — 138°  (278^  6 — 280^*4  F.). 
Isocholcsterylic  bcnzoatc  separates  from  ether  as  a  crystalline 
])o\vder,  Mhieh  under  the  microscope  is  seen  to  consist  of  fine 
neciiles ;  it  melts  at  190°  (374°  F,).  Phosphoric  peutaehloride 
converts  it  into  the  cliloride  C^^lI^Cl.  If  cholesterin  is  dissolved 
in  a  small  quantity  of  chloroform  and  the  solution  shaken  with 
an  equal  volume  of  concentrated  sulphuric  acid,  the  chloroform 
quickly  becomes  blood-red  and  then  cherry-red  or  purple,  but 
iaocholesteriu  does  not  exhibit  this  behaviour. 

(1484)  Alcohols  DERIVED  raoM  Naphthalene.  Naphthols. — 
When  the  SO3H  group  in  the  two  isomeric  sulphonic  acids  produced 
by  the  action  of  sulphuric  acid  on  naphthalene  is  displaced  by  OH, 
in  the  usual  manner,  by  fusing  their  potassic  salts  with  potassic 
hydrate,^  kc.,two  Isomeric  alcohols,  a-  and  ^naphthol,  C^jfk^OVL, 
are  obtained,  which  bear  precisely  the  same  relation  to  naphtha- 
lene that  phenol  bears  to  bensenej  and  which  closely  resemble 
pbenol  in  properties ;  these  naphthols  may  also  be  prepared  from 
a-  and  /3-amidonaphthalene,  or  naphthylamine,  CiqII^.H^N,  by 
Gxiess's  method  (Schaeffer,  Ann,  Chan.  Pharm,,  clii  279 ;  Maiko- 
par,  Zeii*.  Chem,  {i],  t.  215). 

Both  are  colourless  crystalline  substances,  easily  soluble  in 
alcohol,  ether,  chloroform,  or  benaene,  but  sparingly  soluble  in 
hot  water  and  almost  insoluble  in  cold  water.  a-Naphthol  crys- 
tallizes frem  water  in  small  needles,  /3-naphthol  in  lamince ;  the 
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crystals  of  tbe  foimer  lieloDgiDg  to  the  monoclinic,  and  those  of 
the  latter  to  the  rhombic  system.  a-Naphthol  melts  at  about 
95**  {20.f  F.),  and  boils  at  278**— 280**  (532%— 536^  F.) ;  it  has 
a  faint  odour  resembling  that  of  phenol.  j3-Naphthol  melts  at  123^ 
(253**'4  P.),  and  boils  at  285**— 290**  (554**  F.) ;  it  is  almost  odour- 
less. a-Naphthol  readily  volatilises  irith  the  vapour  of  water, 
but  the  /3-compoixnd '  volatilizes  only  to  a  very  slight  extent 
The  aqueous  solution  of  a-naphthol  becomes  dark  violet  on  adding 
bleaching  powder  solution,  and  red,  passing  to  violet,  when  feiric 
chloride  is  added ;  the  solution  of  ^naphthol  is  coloured  pale 
yellow  by  bleaching  powder  solution,  and  pale  green  by  kaie 
*  cliloride.  The  uaphthols  dissolve  readily  in  alkalies,  and  sodium 
and  potassium  act  upon  them  with  evolution  of  hydrogen;  but  their 
metallic  derivatives  are  far  less  stable  than  those  of  j)heiiol,  and 
are  deeonnxjsed  when  their  aqueous  solutions  are  evaporated.  By 
the  action  of  carbonic  aniivcii  itle  on  their  sodium  derivatives,  the 
8(;dic  salts  of  oxy-acids  arc  {)rodneed,  corresponding!;  to  thofC 
obtained  in  a  similar  manner  from  the  pheuols.  Ou  warming 
"with  concentrated  sn]j)huric  acid,  they  are  dissolved  and  converted 
into  uaphtholsnlphonic  acids,  C,, ,11^,(011). SO^H. 

By  distilling  )3-naitlitliol  with  plios])horic  pentachloridc  it  is 
converted  into  /3-chloronaphthaleue  (l368)>  C|QliyCl  (Kimarenk(^ 
Dtut.  chem.  Gcs.  Btr.,  ix.  663).* 

The  only  haloid  derivative  of  naphthol  at  present  known  is 


*  AeeordKrg  to  Rimaranko,  /SrehVmnHiphthaleiie  meltt  at  56  '  ( 132**8  F.)> 
and  boiU  at  264^—266'^  (507**2^5  io*'8  F.).   Atterberg,  in  a  noent  oonmm- 

nication  (ibtd.,  ix.  926),  ntutes  that  tlu'  (liIoronnphtlMleM  obtained  from  nitio- 
nnphtlialeiu  {  \  7,6-]}  u  the  a-oompoiind,  and  not  the  laomeric  /S^dflnvative  as  be 

fyrnit^rly  siijipDx'd. 

a-Cliloruiiiiphthuleiie  is  converted  by  the  action  of  cold  nitric  acid  of  sp.  gr. 
1*4  into  a  nitro-eHshloronapbthalene,  which  crystalliaea  in  fine  pale-ydlo* 

needles,  nu'lting  at  85°  (185'^  F.);  this  compouml  furnishen  a-naphtliylainine 
on  reduction  (Atterberf^).  Wlion  n-cliloninaplitlialetit'  is  treated  with  fuming 
nitric  acid,  a  dinitro-a-chloronajthlbalenc  melting  at  180  '  (356"^  F.)  is  pnidntt'd. 
together  witli  thai  melting  at  lO^**  (221^  F.):  the  quantity  obtaini'd  btiing 
greater,  the  higher  the  temperaiuxe  which  the  nitration  b  elated  (Atterbeiig)^ 
Some  light  bte  recently  been  thrown  on  the  foniuition  of  iaomecie  ehkce- 
naphthaleiies  from  napbthalene  by  the  discovery  that,  uhon  pure  naphtliakne 
tetrachloride  (1367)  is  deconijwspt!  by  an  alroliol;*-  xihitioii  of  jxitas^ic  hydrate, 
apparently  only  a-dicbloronaplitbaloiie  melting'  at  36'  (96^^  S  V .)  is  produced; 
whereas,  when  it  is  decomposed  by  rapidly  heating  Hmall  quantities  to  boiling, 
ehiefly  the  iaoawrio  ^•oompoand  melting  at  68^  (154*^*4  F.)  u  obtained,  and  by 
heating  birgt>r  quantitieH  and  maintaining  the  liquid  in  the  state  of  gentb 
ebullition  until  liydrocbloric  acid  ceases  to  be  evolved,  a  mixture  of  jS-dichloro- 
naphthalene  with  a  considerable  amount  oT  the  a>compound  la  formed  (Knfli 
and  Jkcker,  iLid.,  ix.  1088). 
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tlic  dihrom-a-niiphthnl ,V ^,^\  ^\r,.0\\,  wliicli  is  pioduoed  011  adding 
bromine  to  a  solution  ol'n-naphthol  in  acetic  aciil.  It  crystallizes 
in  lonj^  colourless  p:Iistouiiig  needles,  which  melt  at  1 1 1°  (23i°*8  F.). 
It  is  readily  converted  into  trioxynaphthalenc,  CjqH5(OH)3,  by 
treatment  with  an  alcoholic  solution  of  potaasic  hydrate  (Bieder- 
mann,  ibid.,  vi.  1119). 

(1485)  yUroso;  Nitro-,  and  Amida-derivafives  of  a-  and  ^- yapktkot.—^ 
When  submitted  to  the  action  of  nitroiis  acid,  a-naplithul  furnishes  a  mixture 
of  two  isomeric  nitros«ma{)litliola,  t'^ (Fiuhs,  ii/id.,  viii.  62=;). 
n-Nitroso-a'Naphthol  crystallizes  in  needleti,  and  when  precipitated  i'rum  its 
ioltttion  in  alkalin  by  tbe  addition  of  an  add  is  of  a  pare  white  colour;  it  malta 
between  175°  and  185**  (347  :in'l  3^' 5°  F.),  but  undergoe*  decompoiiition. 
^-yUrosD-Q-ydphthoL  which  i«  the  chief  product,  is  yjllow,  and  nielta  at 
145° — 150°  (293^ — 302"  F  ),  btit  is  also  d»'i'onipospd  ;  it  is  easily  soluble  in 
benzene,  in  wkicb  the  ihoineride  is  only  sparingly  soluble. 

The  preparatMO  <tf  nitro-derirativeB  iaxetAj  from  tbe  naphtbola  is  extremely 
difficult,  a*naphthol  bring  almost  entirely  converted  into  resinous  substances  bj 
the  action  of  nitric  acid  ;  they  are  readily  procured  by  indirect  methods  however : 
thou,  by  boiling  the  two  iRoineric  nitro-derivatives  produced  on  nitrating 
acet-a-amidonaphthalene*  (pp.  349,  350)  with  sodic  hydrate  solution,  they  are 
converted  into  the  sodiiun  derivatives  of  the  corres|K>nding  nitrouuphthols 
(BiedermaoD  and  Andreoni,  ibid,,  vt  342  ;  Biedermann*  vi.  1117 ;  Liebermann 
•ad  DitUer,  vii.  340 ;  Liebermann,  viii.  680) : 

C„H,(NOJ.NH(C,H,0)  +  2NaOH  =  C,^H,(NO^).OXa  +  NH,  +  Na  CJI,0,. 

The  two  nitro-a-naphthols  may  also  bo  obtained  by  carefully  oxidiziiiLj  the 
corresponding  nitrosonaphthols  (Fuclis),  and  n-nilro-«-naphthol  is  produced  in 
small  quantity'  when  a  mixture  of  i  pt.  nitrunuptithaleue,  i  pL  potassic  hydrate* 
and  2  pte.  slaked  lime  is  heated  to  140"  (284^  F.)>  in  a  retort  through  which  a 
enrrent  of  oxygen  or  air  is  slowly  passed;  the  latter  method,  which  is  due  to 
Dusart,  has  been  employed  for  the  preparation  oi  nitronaphthol  on  tbe  large  scale, 
this  comi>ound  being  used  as  a  yellow  dye,  but  on  account  of  the  srnallness  of  the 
yield  it  is  no  lunger  manufactured  (Dai'mntaedter  and  liathiin,  ibU.,  iii.  943  ; 
'    Liebermann  and  Dittler,  vii.  244). 

a'lKiroHi'Naphtkcl,  whidi  is  obtained  from  the  nltro-o-amidonaphthalene 
melting  at  191°  (375°'8  F.),  is  very  soluble  in  alcohol,  from  u  liich  it  crystallizes 
in  very  slender  lemon-yellow  interlaced  needles;  it  melts  at  i04°(327°'2  F.). 
(i'yUrO'a'yaphtliuI,  from  tiie  nitro-n-amidonaphllialcne  which  luelts  at  159° 
(318^*2  F.),  is  much  less  soluble  in  alcohol,  and  crystallizes  in  isolated  needles 
much  thicker  than  those  of  its  isomeride ;  it  melta  at  1 28^  (262'''4  F.).  They 
dissolve  in  alkaline  solutioiis  and  decompose  metallic  carbonates,  forming  metaUio 


*  The  product  obtained  on  nitrating  acet  a-amidonaphthalene  i«  a  mixture 
of  three  isomeric  bodies,  two  of  which,  however,  melt  at  the  same  temperature 
(i  71**  C),  but  are  converted  by  the  action  of  alkalies  into  distinct  nitro-a-amido- 

naphthalenes  melting  respectively  at  191^  and  159*  C. ;  the  third  isomeride  melts 
at  189°  C,  but  also  furnishes  the  nitro-rt-amidonaphthalene  melting  at  191^0. 
(Liebermann  and  Dittler,  ihid.,  vii.  240).  Tiie  nature  of  the  isoineri,sm  between 
the  two  compounds  which  lurnish  the  sanie  nitro  amidouaplithalene  is  not  yet 
eipluned,  but  it  appears  probable  that  they  belong  to  the  oliat  of  **  pbyaioal 
iiomeridee." 
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deri vat i vets  whiih  cryutallize  well,  and  are  moftlj  of  a  re<l  colour.  Both  a-and-^ 
nitro-a-napl»lhol  furuinh  phthalio  acid  on  oxidation  with  nitric  add,  which  ia  a 
proof  that  the  NO,  and  OH  gronp  in  each  of  them  an  in  the  aame  bemene 

nucleus. 

The  nitronaphthols  are  converted  by  reduction  into  corresponding  aniido- 
iiaphtliols,  the  l.ydri.cl.lonJi's  of  whicli  may  W  obtaint-d  in  colourle**  crysUU ; 
u-aiuido-a-uapiitiiol  readily  lurnisbes  naphthaquinone  on  oxidation,  hot  tbia 
compoand  cannot  be  obtaimid  from  /9-amido-a-naphthol  (Liebermann  and  Dittler, 
iftt<i.,  vii.  243). 

Dimtro-a-napJithol,  C,JT,(NO,),.OH.  which  is  the  final  product  of  nitra- 
tion  that  can  be  obtained  from  a-napbtbol.  may  be  produced  by  the  action  of 
nitric  acid  on  the  nitroso-  and  nitro-a-napbthols  (Fuih.v),  or  on  a-napbthol- 
Bulpbonic  acid  (Darmstacdter  and  Wichelhaua,  tW..ii.  113)-  displacing 
the  NH,  group  in  dinitro-a-amidooaphthalene  by  OH  by  boiling  it  with  a  solu- 
tion of  aodic  hydrate  (Lieberniann  and  Ilammerschlag,  ibid.,  \x.  333)  It  may 
also  be  prepared  by  nd.ling  potassic  nitrite  to  a  solution  of  a  naphthylamine 
bydrot  hloriile.  and  subsnimntly  heiiting  the  solution  with  nitric  acid  (Martius)  ; 
the  ujiphthyiamine  bait  \»  thus  converted  into  diazonaphthalene  hydrochloric 
which  ia  deconipo»ed  on  warming  with  water,  and  the  naphthol  prodnced  ia  at 
once  converted  into  the  dinitro-com pound  by  the  nitric  acid  present.  It 
crystallizes  in  suIphQr-3'ellow  needles,  which  melt  at  138"  (280-4  F.);  it« 
metallic  cl»'riva'J\ cs  are  orantre  or  red  in  colour,  and  the  nitro-compound  itself  is 
one  oi  the  mo«t  beuutilul  of  yellow  dyes.  On  boiling  with  nitric  acid  it  for- 
niitbes  phthalic  acid. 

By  the  action  of  nrscent  hydn^n,  dinitro-o-naphthol  is  converted  into 
iittmido-a-naj>hthol,  C,.  H,(NH  j,,.OH  ;  the  hydrochloride  of  this  compound  is 
ronverted  into  the  liydroi  liloride  of  the  so-called  diiniiJonnphthuf  on  treitmeiit 
Willi  ferric  chloride,  and  by  lu';itiiif;  the  latter  with  water,  the  HO-called  oximido- 
naphthol  is  produced,  which  turni.>he»  oxi/uaphlhaquinone  when  bdled  ^ 
hydroohkirie  aeid  (Graebe  and  Ludwig,  Ann.  Ckem.  Piarm,,  dir.  303) : 

(Nil,  iKH. 
DfiiiiMoiuqihtlioL 

C,H.|nh}   +  OH,  =  C^H.IxXh}  + 
i  NH,  t  OH, 

c  11  ^xii}  ^  |o}  ^  ^'^-^^ 

(OH 


(OH 

DinHro-fi-napAtkol,  the  only  nitro-deriTative  of  /8-napbthol  at  present 
known,  ir«  produced  on  treating  an  alcoholic  solution  of  ^-nal>hthul  with  dilute 
nitric  acid,     it  eryjitaUizes  in  pale  yrllow  needles,  which  melt  at  195''  (3*^3  ^ 
It  fun.ishes  a  number  of  ditfii-ultly  soluble,  yc-llow  or  red  metallic  derivatives 
(Wttliach  and  Wicbelhaus,  Deut.  chem.  Get.  Her.,  iii.  846). 


*  Graebe  and  Lndwig  assign  to  thia  componnd  the  formula  C,,H^(OH)  |       | , 

and  they  asanme  that  in  its  fomiaUon  from  diamidonaphthol  each  of  the  NH, 
groupa  in  the  ktter  ia  deprived  of  an  atom  of  hydrogen^  and  that  the  mtngm 
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(i486)  ConMUimtion  of  tke  NapMkol  l}erwaHve». — The  manner  in  whidi 
tlM  eoDstitution  of  tbe  naphtholti  themselves  may  be  inferred  has  already  been 

•xplained  (1366).  The  constitution  of  their  derivatives  has  not  }-et  been 
experimentally  demon>traU'd  in  the  same  rigorous  manner  as  that  of  tlie  jihenol 
derivatives,  but  llie  close  agreement  in  general  behaviour  Ivtwoen  phenol  and 
the  nnphthoU,  uud  iu  ihe  properties  of  their  derivatives,  uppt'ar.n  to  warrant  the 
oooelnrion  that  the  constitution  of  the  naphthol  derivatWes  is  similar  to  that  of 
the  eomaponding  pliMiol  derivatives  produced  under  similar  conditions. 
Applfinif,  therefore,  tO  the  naphthols,  the  law  of  substitution  which  obtains  in 
the  ease  of  phenol,  we  may  lepresent  their  nitro-derivatives  in  the  following 
maQQer : 

OH  OH  OH  IsO. 


NO. 


NO, 


NO. 


'»  — t 

••N1tro-«-naphthoI.      0-Xitra«-napliQ)ol.  Dlnitro-a-naphtliol. 


MnHro-^-Mpbtho]. 


The  relation  which  the  so-calh-J  diiniodonaphthol  and  oximidonaphthol  probably 
bear  to  diauiido-a  nuphUioI  is  indicated  by  the  following  formuIiB : 


Nir, 

DuuniUo-a-uaptiUud. 


HN 


HN 


?  Diimidonapbthol. 


?  OximidoDqththoL 


atoms  then  b<'come  united  ])y  one  aflinitj-  of  each  ;  but  according  to  our  view  of 
the  constitution  of  dianiidonaphthol  and  of  the  quinones,  it  appearii  more  probable 
that  <mly  one  the  NH,  groups  losee  an  atcmi  of  hydrogen,  the  second  being 
withdrawn  from  the  OH  group ;  if  this  be  the  case,  the  so-called  diimodo- 
Baphthol  is  tlie  amido-derivative  of  a  compoond  intermediate  between  naphtha- 
^oinmie  and  diimidonaphthalene : 

^f^.{o}  '  ^""•{nh}  '  ^'oH.{nh}- 

Naphthoquinone.  Diimidonaphthalene. 

According  to  Heintzel  {J-nirn.  pr.  Chem.,  C.  193),  triamidophenol  (1469)  ex- 
hibits a  similar  behaviour,  its  hydrochloride  bein«;  converti'd  on  exposuie  to  air 
into  the  hydrochloride  of  a  compound  to  which  Kekul6  (^Lehrbuc/tf  iii.  66)  has 

(  NH  ) 

aaaigned  the  fbfmnla  C,H,(0H)  ^  NH  j  ,  but  which  ia  more  prohabtf  the 

Inh, 

dinmido-deriTativeof  an  **  imtdoqninone,"  C,Hj(NH5),  |  ^jj  | ;  by  boiling  with 

water  it  is  converted  into  the  hydrochloride  of  a  new  compound,  which  is  perhaps 
formed  by  the  displacement  of  one  of  the  Nil,  groups  by  OH,  and  may  there- 

I  OH 

ton  he  mpncented  by  the  fiMrmak  C.HiNUJ  {  Nil  I  • 

(nh/ 


/ 
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We  may  here  also  Jin'ct  attention  to  the  conclusion  which  may  be  drawn  as 
to  the  constitution  of  the  two  itiomeric  dinitroDaphthalenes  produced  on  nitntng 
naphthalene  ( 1 370),  if  tha  fortnala  aboTe  gifen  is  the  conreot  expreaaum  of  (he 
oonetitntion  of  dinitro-a-naphthol,  and  if  naphthaqainone  is  analogooa  in  eomti- 
tution  to  ordinary  quinone  (p.  349).  Thus,  acconling  to  Liebermaun  ml 
}faniii,er«clila<,'  (Dcuf.  chem.  Ges.  Iier,,ix.  333),  the  dinitronaphthaionu'  from 
nhich  dinitro-u-naphtiiul  is  derived,  and  which  may  be  obtained  by  di^pUciog 
the  2s  11,  group  in  uiuitru-a-auiidonaphthaleue  by  hydrogen,  is  not  identical ailk 
either  of  the  dinitronaphthalenee  from  naphthahnie;  moreorer,  the  diamidoMfh* 
tiialenes  obtained  on  reducing  the  latter  do  not  famish  any  oaphthaqninone  oa 
oxidation,  whereas  the  diamidonaplithalene  from  the  DitrO'a-amidonaphthale'.}e 
which  is  convertible  into  «-nitro-a-naphthol  readily  furnishes  naphthaquinone  oa 
oxidation  (Lieborniann  and  Dittler,  ifjid.,  vi.  949).  Hence  we  may  concluda 
that  in  neither  of  tlie  two  dinitronaphthalenee  from  naphthalene  are  the  NU, 
groups  rekttrel/  in  the  poaltion  i  :  4  or  t  :  3,  einoe  that  in  whieh  the  NO^ 
groups  are  in  the  pottitioa  i  :  4  would  furnish  a  diaraidonaphthalene  yielding 
naphthaquinone  on  oxidation,  whilst  that  in  which  NO,  :  NO,  -1:3  would  be 
identical  witli  the  dinitroiiaplithalene  from  dinitro-a-amidonaphthalene.  There- 
lore,  in  one  of  t!u' two  ilmitionaphthalenes  from  naphthalene,  the  NO,  groupaare 
probably  in  the  position  1  :  2  in  the  same  nucleuM,  whilst  the  other  isdoubtleis 
formed  by  the  diaplacement  of  two  atoms  of  hydrogen  in  different  nndm.  Thk 
result  is  of  interest,  as  it  bdicatea  that  the  dimfdaoitnient  of  hydrogen  in  nsph- 
thalene  is  not  necessarily  confined  to  the  one  nndetts*  althoogh  tUa  appem  t» 
be  more  generally  the  esse. 

(1487)  Alcohols  debivsd  vbom  Htdbocakbons  of  m 
^nHta-u  Sb'^ibs* — Four  monohydric  alcohols  derived  from  hydio- 
carbons  of  the  diphcuyl  series  are  at  present  known  to  as,  vii.: 

Paraphenylphenol  C,H,.C,H,.OH  165" 

Beuzylphenol  C,H,.CH,.C,H,.OH  84* 

Diphenylcarbinol  (C^HJC'H.OH  68** 

Tolylphenylcarbinol   .    .   .  C,H..CHrC(C,H^H.OH  6a' 

Paraphenylphenol  or  Oxydiphenyl :  CgHg.Cgll^.OH,  is  obtained 
by  displacing  the  SO3H  group  in  dipheuylparasulphonic  add  \if 
OH  by  fasing  it  with  potassic  hydrate,  &c.  (Kngclhardt  sad 
Latschinoff,  DetU,  chem,  Ges.  Ber.,  vi.  194) ;  it  may  also  be  pro- 
duced from  the  amidudiplienyl  obtained  ou  rrduciiig  paraiiitro- 
dipheiiyl  (Ostcn,  i/jid.,  vii.  173).    It  crystallizes  in  minute  iieodks. 
which   melt   at    164*^ — 165°  {32'J°'2 — 329°    F  ),   and   boils  a: 
30^ — 308"  ijSi^ — ;)ii6^'4         i*^     easily  soluble  in  alcohol  ami 
solutions  of  eaustic  alkalies,  aud  volatilizes  with  the  vupour  of 
water.     It  does  not  produee  a  coloration  with  ferric  chloride, 
lly  the  action  of  concentrated  sulphuric  acid,  it  is  converted  iuto  a 
mixture  of  mono-  and  di-sulphonie  acids.    On  nitration  it  furnishes 
a  mixture  of  a  mono-  and  a  dinitro-derivatiFc;  the  mononitro- 
compound,  C,H,.C8H3(N02).OII,   crystallizes   in  lemon-yellow 
prisms,  and  melts  at  67°  (i52°*6  F.),  whilst  the  dinitro-deriva- 
tive>  C,H|.CeUa(N02)|.0H,  crystallises  in  golden-yeUow  platan 
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and  melts  at  (^oi)°-2  F.) ;  only  tho  former  volatiliz'js  with  the 
vap!)iir  of  water.  Both  furnish  red  metallic  derivatives,  Ixit  tliose 
of  tlic  mouo-iiitro-eompouiid  are  extremely  unstable.  Owilipheiiyl 
is  converted  into  parachlorodiphea^i  whea  distilled  witli  phos- 
phoric peutachloride  (1374). 

Bem^hmwl:  C.ll,.CH,.C,H^.OH,  b  the  prodnot  of  tlie  aefcion  of  beiuylie 

cMoride  on  phenol  in  presence  of  nnc;  it  is  probable  that  the  para-  and 
ortho-moilificatioiis  are  formed  eimoltnneuusly  in  this  reaction,  althoutjh  only  a 
dingle  beuzylphenol  liiis  been  isw)lat«*d.  Henzylphenol  crystallizes  in  wliitt;  silky 
oeedles  or  lustrouai  plates,  suluble  in  ulcuhol,  ether,  benzene  and  alkaline  sulu' 
tionM;  it  meltM  at  84''  ( 1 83^-2  F.).  When  heated  with  eoneentrated  sulpViorie 
acid,  it  i«  converted  into  a  diaulphonio  acid,  and  bromine  ^ve.s  rise  to  u  crystalline 
boiy,  melting  at  about  175*  (347*  ^^O'  ^^hich  is  probably  a  dibromoTderivative. 
By  the  combined  action  of  sodium  Jind  carbonic  anhyilridt'.  it  is  converted  into 
the  ^ium  salt  of  benzyloxy  benzoic  acid,  C,H^.Cll,.C^H^(Uli^.C001l  (Pateruo, 
Jawm,  dem.  Soc.,  xxv.  702;  xxvii.  371). 

The  aoeUte,  C,H,.CH,.C,H,.0(C  H,0),  formed  by  the  notion  of  noetic  ehloride, 
is  a  liquid  which,  on  expoenre  to  the  air,  absorbs  water  and  becomes  decomposed. 
The  correspondin<;  benzrue  crystallizes  in  thin  plates  and  ;;listeninj»  needles  ;  it 
melts  at  86"  (lS6^"8  F.),  and  is  not  decomposed  by  water  or  an  aijnedus  solu- 
tion of  potxsAic  hydrate.  The  behaviour  of  benzylphenol  on  oxidation  ha'^  not 
been  inrestigated,  bnt  from  ita  mode  of  fcHination  it  U  probable  that  it  is  a  para* 
derivative  of  [^enoU  and  that  it  would  yield  paroxybenzoic  acid. 

Diphenylcarbinol  or  Benzhifdrol :  (CgHj),CH.()H,  is  formed  hy  treating 
dipheny] ketone,  C^H^.C'U.C^H.,  dissolved  in  dilutt?  alcohol,  *ith  scKlinm  amal;^ara. 
It  crystallizes  in  slender  silky  needl  's.  which  melt  at  68'  (154"  4  F.),  and 
hoib  at  about  298''  (568"  4  F.),  being  partially  decomposed  and  converted  into 
fbe  ether  (CJI^),CU.O.CH(C,HJ,.  It  is  sparingly  aolnble in  water, bnt  diaaolvea 
more  easily  in  alkaline  liquids ;  on  the  addition  of  water  to  a  concentrated  solu- 
tion  of  pota^^sic  hydrate  saturated  wiih  diphenylcarbinol,  the  alcohol  is  deposited 
in  the  crystalline  form.  It  dissolves  with  iacility  in  alcohol  and  other  menstrua. 
On  iieaUuent  with  bromine,  it  furnishes  a  crystalline  dibrouio-derivauve,  which 
u  not  aflseted  by  hetyng  with  moist  argentic  oxide  dr  potaasic  hydrate  nolntion, 
■od,  therefore,  probably  haa  the  form  a  la  (C,H^Br).CH.OH.  On  oxidation,  it 
ie  converted  into  diphen  vlketone  (Linnemann,  Ann.  Chein.  Phann.,  cxxxiii.  6). 

T>jh//pfic»j//cn-/jinol  or  Tohiitlenv  Hiflrn'r  :  C^H..('lI..(\l'gH  lH.OH.is 
obtained  on  treating  an  alcoholic  solution  of  deoxybenzum  or  tolylphenyi- 
ketone,  C,IJ,.CII,.CO.C,H^,  with  sodium  amalgam  ;  and,  together  with  benzoio 
add,  by  the  action  of  an  alcoholb  aolution  of  potaasio  hydrate  on  hydrobenxoin, 
C,H^.CH{OH).CH(OH).C,H,.  It  crystallixea  in  long,  slender,  brittle  needles, 
insoluble  in  water,  but  very  stduble  in  alcohol  and  ether;  it  melts  at 
62^  (1 43^*6  F.),  and  distils  without  ilecoinpo^ition.  It  is  very  readily  converted 
into  deoxybenzoin  by  oxidation.  Uu  treatment  with  bromine,  it  furui:>lies  bromo- 
tolnne,  C\^H,Br,  together  with  other  anbatancea  not  yet  identified.  When 
boiled  with  dilute  aidphuric  add,  it  ia  eonv«rted  into  atilbeneor  tolnylene,  C^^Ui^ 
and  water  (Limpriobt  and  Sohwanert,  liu{.,  olv.  60). 

c.n.  \ 

(1488)  DiFHKNiL£N£C^fiBiNOL  or  i'7tforeA«yl/coAo/ .*  I        C1I.0H,  the 

e.H.  j 

only  monohydric  alcohol  derived  ftmn  the  hydnoarbona  of  the  Cnll^.i,  aeriea 
at  present  known  to  na,  ia  obtuned  by  the  action  of  aodiam  amalgam  on  an 
alcoholic  adation  of  diphenyleneketone  (1383).    It  crystaUixes  in  hexagonal 
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plates,  which  melt  at  153°  (307°"4  F.)  ;  when  heatt'd  for  some  time  above  it* 
foMing  point  it  is  converU-d  into  the  ether  (C,,H^),0.  It  rea'iily  lurnishej* 
diphenyleneketone  on  oxidation  (Barbier,  Compt.  Send.^  Izu.  1396). 

( 14S9)  Alcohols  debivbo  fbom  Anthhacene.  AnthroU. — l>y  fusing  the 
potassic  salts  of  thf  two  anthraconosulphonic  acids  (p.373)  with  potassic  hydrate, 
tlit'v  ii)ay  be  converted  into  corresponding  oxyanthracenes  or  antlirols.  ('^^H^OH 
(Liiike,  JyM/v*. />r.  CVieiw.  [2],  xi.  227).  a-^lnMro/cry8tallizet»  in  gli»iteujng  p.de 
ycllowr  needles  md  plates,  inioittble  in  water,  but  easily  aolnble  in  alcohol,  etlier 
and  benzene}  itdeoompOMS  at  250**  (483^  "E.),  without  foeing.  ^Antktol 
forms  yellowish  prisms,  less  soluble  in  alcohol  and  ether  thun  the  a-compound ; 
when  heated,  it  also  decomjx)«08  without  rnsin<]f.  Both  dissolve  in  i-ulphutif  arid, 
forming  sulphonic-ae'uls.  and  furi-iiih  bromo-dorivatives  when  treated  with  brouilne. 
They  disnolve  easily  in  alkalies,  and  w'len  the  nolutions  are  heated  in  presence 
of  air,  ooloured  oxidation  products  separate  (comp,  AnthnKinioone). 

(1490)  Tbipiiextlcabbinol:  C(C,U,),.0H,  18  formed  ou  treating  triphenyl- 
bromomethane  with  water,  and  by  the  action  of  a  mixture  of  pota&sic  dichromatd 
and  sulphuric  acid  on  triphen\ liiiethane  (140:?).  It  crystallizes  from  alcohol, 
ether,  or  benzene,  in  which  it  is  easily  soluble,  in  brilliant  inonoclinic  plates,  which 
melt  at  157''  (3i4°'6  F.);  it  boiU  without  decomposition  at  a  temperature  abov* 
360^  (680**  F.).  It  diMSolTce  in  oold  concentrated  sulphnrie  add,  but  b  repra- 
cipitated  on  the  addition  of  water.  On  treatment  with  bromine  or  nitric  acid,  it 
furnislies  substitution  derivatives  ditfifult  of  puriKcation  ;  the  nitro-deriva'lve 
does  not  dissolve  in  alkalies.  When  its  solution  in  toluene  is  boiled  with  sodium, 
hydrogen  \a  evolved  and  an  insoluble  pulverulent  sodium  derivative  produced. 
When  submitted  to  the  action  of  aoetie  or  benxoio  chlorides  it  is  converted  into 
the  corresponding  acetate  or  benzoate^  bat  these  eompoanda  are  decomposed  even 
by  ezpoBUie  to  mdst  air. 

§  YI,    DiHTDRIO  AlCOBOUI  OF  THE  CnH2„(0H)^  OB 

Glycolic  Sbbibb.    Thb  Glycols. 

(1491)  The  ali'oliols  of  this  series  arc  derived  from  the 
paraffins  by  tht-  (lisplacemeiit  of  two  atoms  of  hydrogen  by  twice 
the  group  Oil,  but  dihydric  alcohols  liaving  very  ditliTcut  pro- 
perties are  obtained,  ac  ccjnling  as  the  two  atoms  of  hydrojren  which 
are  displaced  are  associated  with  tlie  same  or  with  ditfereiit  atoms 
of  carijon  :  those  in  which  tht^  iwo  Oil  groups  are  attached  to 
different  carbon  atoms  beiiig  tolerably  stable  bodies,  distilling 
•without  deco'n))osition  ;  whilst  those  in  wliich  both  OH  groups 
are  united  with  tin;  same  carlwn  atom  are  so  unstable  that  thev 

• 

cannot  be  isolated.  The  alcohols  of  the  fornur  class  are  tcruietl 
glycols  ;  those  of  the  latter  class  may  be  called  aldehydrols  on 
account  of  their  relation  to  the  aldehydes,  from  wlii  di  they  may 
be  regarded  as  formed  by  the  conversion  of  the  C'Oll  group  into 
the  group  CU(OU),  by  the  addition  of  the  elemeuts  of  a  molecule 
of  water. 

As  we  have  already  pointed  out,  the  possibility  of  tbe  existence 
of  compounds  in  which  more  than  one  OU  group  is  associated  with 
the  same  carbon  atom  is  disputed  by  some  chemists^  chiefly  on  the 
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gruiind  that  they  cannot  be  isolated ;  and  the  existence  of  bodies 
of  the  "  aldeliydrol"  class  is  explained  by  the  assumption  that  they 
are  mere  molecular  conihinntions  similar  to  salts  with  water  of 
crystallisation  :  chloral  hydrate,  for  example,  according  to  this 
view,  is  a  molecular  combination  of  trichloraldehyde  and  water^ 
CCI3.COH  -hOHjp  and  has  not  the  constitution  represented  by  the 
formula  CC],.CH(0H)2.  We  are  acquainted^howeyer^with  too  many 
instances  of  the  decomposition  of  bodies  by  heat  to  attach  much 
weight  to  the  argument  drawn  from  the  instability  of  those  com- 
pounds in  which  we  may  suppose  two  OH  groups  to  be  asso- 
ciated with  the  same  carbon ;  atom  moreover,  the  mere  fact  that  a 
body  eianot  be  isolated  in  a  pnre  state  is  no  proof  that  it 
cannot  exist  under  favourable  conditious.  But  the  most  impor- 
tant evidence  that  aldelivdrols  mav  exist  is  furnished  bv  the 
behaviour  of  the  aldehydes,  and  when  treating;  of  these  eoni- 
pou.uds  we  shall  have  oeea^siou  to  show  tliat  many  of  their  reac- 
tions, which  otlicrwise  are  dilhcult  to  account  for,  are  at  uuce 
explained  in  a  simple  and  consistent  manner  if  it  be  assumed  that 
they  exist  in  aqueous  solution  as  "  aldehydrols."  The  part  which 
these  bodies  appear  to  play  in  the  formation  of  aldehydes  from 
the  monohydric  alcohols  of  the  ethylic  series  by  oxidation  has 
already  been  indicated  (p.  418), 

(1492)  Methods  of  Frepwing  Dihydric  Alcohoh  the 
CbHsh(OH),  Series. — ^The  most  general  method  of  preparing 
the  glycols  consists  in  acting  upon  the  dihaloid  deriTatives  of 
the  paraffins,  in  which  the  two  atoms  of  halogen  are  associated 
with  different  carbon  atoms,  with  argentic  or  potassic  acetate,  and 
saponifying  the  resulting  acetates : 

C,U^Br,  +  aAgC^HjO,  =  C,H».(C,H,0,),  +  aAgBr. 

C.H,„(C,Il30,),  +  2KHO  =  C„H,„(OH),  +  2KC,H,0,. 
C,H,Br,  4-  aKCgHjOg  =  C8H,(C,H302),  +  2KBr. 

«-I>ii<roroetb»Qt.  £thjlemc  aoeUta. 

CKlhjlenk  bromSde.) 


■tbjlnie  aoclito.  <  >  h  00I . 

(Etbyieoic  alcohol.) 

Usnslbr  the  dibramopsnffini  are  employed,  aa  they  are  far  mors  rendily 
acted  upon,  and  al»o  more  readily  prepared,  tliaii  the  (lichloroparaffinK ;  ami,  with 
one  exception,  all  the  alcohols  obtained  by  this  method  have  been  prepared  from 
the  dibromopuraiEn8  i'ormed  by  combining  the  olefiues  vrith  bromine.  When 
argentio  acetate  it  uaed  to  effect  the  oonTenion  of  the  dihaloid  paraffin  into  ths 
disairtotSi  it  k  mixed  with  a  snail  quantity  of  glaoial  aoetio  acid ;  the  teaolioa 
Qsoallj  tskea  plsos*  if  not  st  ofdinaiy  temperstores,  on  wsnmng  on  ths  watsr 
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bath,     Tho  saponification  of   tlie  acetate  is  ofTcLted  eitlier  by  dry  fx>ta^^ic 
hydrate,  added  in  slight  excejiti,  or  by  a  couueuiruLfd  solution  oi  baric  hydrate. 

A  second  general  method  of  preparing  glycols,  which,  how- 
ever, gives  rise  only  to  glycols  of  a  particular  kind  termed 
pinaeones,  consists  in  submitting  the  ketones  oftheCO(C,iUi^^  1)1 
aeries  to  the  action  of  nascent  hydrogen  : 

C(G„H^^,),.OH 

Aoetone.  Tttnuiu  th>  Iglycol  or  pinaoone. 

(1493)  Clatsification  of  the  Glycols, — ^The  glycols,  like  the 
binols,  may  be  classified  in  several  groups,  according  to  their 
CODstitutiuii.  Glycols,  such  as  the  first  term  of  the  series, 
(H0)H,C.CH,(OH),andpropyleneglycol(H0)HjC.CHj.CHa(0U), 
in  both  of  which  the  group  CH,(OH),  characteristic  of  the 
primary  caibinols,  is  contained  twice,  are  conveniently  termed 
primal^  gtycoU ;  in  a  similar  manner,  those  which  contain  the 
group  CH(OH)  twice  may  be  termed  secondary  glycols,  and  those 
in  which  no  hydrogen  atoms  are  associated  with  either  of  the 
carbon  atoms  to  which  the  two  OH  groups  are  united  may  be 
designated  tertiary  glycols. 

The  foUowing  are  examples  of  these  three  classes  of  glycols : 

I'riinan  kI}^'  '^l-  Secondary  glycol.  Tertiary  glyiX)!. 

CH,(01i)  CH,.CH(OH)  C(CHJj.OH 
CH,(OH)        CH3.CH(0H)  C(CH,),.OH 

But  glycols  wliich  are  in  part  primary,  and  in  part  secondary 
or  tertiary,  or  in  part  sccoudur^  aud  iu  part  tertiarj',  may  also 
exist^  such  as,  for  example : 


Priniarf  aeoaildNj.  TlllMlj  IhIImj  Secxinlarj-tartiaiy. 

CH,  CH, 
CH.OH  C(CH5)5.0H  CH.OH 

CH3.OH  CH,.OH  C(CH3)2.0H 

lI«Uvlflj«oL  ^DioMtbjflcijool.  TrlmetlqrlgljooL 

It  is  almost  needless  to  state  that  each  of  these  classes  is 
divisible  into  snb-dasses,  according  to  the  constitution  of  the 
radicles  which  are  introduced  in  place  of  the  hydrogen  in  glycol,  &c. 


Digitized  by  Google 


1494*]  PR0PEBTIB8.  507 

(1494)  Properties  of  the  Glycois. — ^Although  a  considerable 
number  of  glycols  liavc  been  prepared,  our  knowledge  of  most  of 
thcni,  and  especially  of  their  physical  properties,  and  of  their 
behaviour  on  oxidation^  is  extremely  deficient.  They  are  all 
oolourlesSj  odourless,  more  or  less  viscid  fluids,  soluble  in  water ;  the 
lower  terms  are  sweet,  but  the  higher  terms  are  bitter,  to  the  taste. 

Sodium  dissolves  in  the  glycols  with  evolution  of  hydrogen, 
fi>nning  a  mono-sodium  derivative : 

CH.OH  CHg.OH 
a  !   "        +    aNa   =1  +  H-. 

CH,.OH  CH,.ONa 

By  heating  these  compounds  with  sodium  a  second  atom  of 
hydrogen  may  be  displaced ;  thus : 

CH,.OH  CH«.ONa 
2  I  +    aNa    s=    I  +  Hj. 

CHs-ONa  CH,.ONa  * 


These  sodium  derivatives  are  decomposed  by  water,  and  the 
glycol  re-foriiR'd. 

Bv  the  action  of  trascous  hydrochloric  or  hvdrobromic  acid  on 
the  glycols,  one  of  tlic  Oil  groups  is  readily  displaced  by  chlorine 
or  bromine;  nionocldorinatcd  and  nionobroniit  atcd  derivatives 
of  alcohols  of  tlie  ethylic  series,  or  glycolic  chlor-  aud  brom- 
^ydrius  arc  thus  produced  : 

CH,.CH(OH).CH,(OH)  +  HCl  «  CH,.CH(OH).CH,a  +  OH,. 

MtUqrlglyeoL  ChkriMpropjrUe  iboboL 

These  conipoumls  are  converted  into  dihaloid  parallin  derivatives  by 
the  action  of  phospiiorus  pcntachloride  or  pcntabrouiide,  and  tliis 
change  may  also  be  partially  ctt'ected  by  heating  \vith  a  saturated 
solution  of  hydrochloric  or  hydrolHoniie  acid.  By  the  action 
of  hydriodic  acid,  however,  the  glycols  arc  readily  converted  into 
moniodo-})'.uafrins,  owing  to  the  reduction  by  the  hydriodic  acid 
of  the  diiodoparallins  which  are  the  immediate  products  uf  the 
action  of  hydriodic  acid ;  thus : 

CH,  CH, 

I  t 

CH.OII    4-    2HI    =    CHI    +  aOH,; 

CH,.OH  CH,I 

CHj.CHI.CHjI  +  HI  =  CHyCHLCIIg   +  I,. 
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By  lieiitinfr  tlio  ;rlycols  with  acids,  snrh  as  acetic  arid,  cthorcal 
salts  arc  jjioduccd  ;  tlic  basic  or  the  normal  salt  being  tormed 
according  to  the  proportious  emplojcd : 

CHg.OH  CH«.OH 

I  +  C,H,O.OU  s  I    '  +  OH,; 

CH2.OH         •  •  CH,.0(C3H,0) 

Q^coL  Aottto  add.  BmIc  ethjienic  ac«tate. 

*  (Qlycollc  mouacctin.) 

CH,.OH  CIL.O(aH,0) 

CII^.OH  '  •  CIL.O(CJT/)) 

OljooL.  Acetic  acid.  Sth>k-uic  aceUte. 

(UljooUo  dUwMia.) 

Tlic  oxidation  of  the  glycols  is  usually  effected  with  the  aid  of 
dilute  nitric  acid,  but  the  isolation  of  the  immediate  products  is 
extremely  dithcult  on  acooimt  of  the  readinesa  with  which  they 
undergo  further  oxidation. 

The  primary  glycols  tm  apparently  capable  <rf  fumiilinig  two  Mids.  eaeh 
oootaming  the  same  numl  er  or  carbon  atoma  as  the  glyeol  oxidiMd^Tii.»  in  the 
first  place,  an  acid  of  the  glycolio  seriea : 

CH,.OH  CH,.OH 

I  +    8(0+0fiL)    a     I  +  3OH,} 

C'lI^.Oli  CO.OH 

Gljcol.  GljcoUc  add. 

which  on  further  oxidation  is  conTorted  into  the  conreaponding  add  of  the 

oxalic  series : 

CIL.OU  GO.OH 
1^         +    2(0  + OH.)     o     I  +  3OH,. 

CO.OH  *^  CO.OH 

GlrwHosdd.  OnHesdd. 

Intermediate  products  may  also  be  formed,  glycol,  for  example,  yielding 
glyoxal  and  glyoxylic  add  on  oxidation,  in  addition  to  glycolic  and  oxalic  adda  s 
the  felation  of  tbese  bodiea  to  glycol  will  be  evident  fiom  the  fdlowing 
ibmrahe: 

CH^OH  COH  CH(OH), 

CH^OH      '      ioH     *  CO.OH 
QljtoL  6I70UL  CHjozy  Ik  Mid. 

The  primary-secondary  glycols  furnish  acids  of  the  glycolic  series  on  oxida- 
tion, wbioh,  however,  are  not  convertible  into  omrresponding  acida  of  the  oxalic 
■eriea;  thoa  t 

CH,  CH. 

I  I 
CH.OH     +    2CO  +  OHJ    =    CH.OH    +  3OH,. 

CH,.OH  00.0H 
KsC^lfflTooL  IseiiBi 
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The  tertiarj  gljcok  or  piuacoueit  are  reoouverted  into  ketones  on  oxidation : 
0(CHJ,.0H 

TMnDMChylglraoL  AailoM. 

The  probable  behaviour  of  the  secondary  and  secondary-tertiary  glycols 
ii  iUuKtrstod  by  tine  fidlowing  equaUont : 

'  C,H..CH.OH 

I         +4(0  +  OHJ  «  CJI^CH(OH).COOH  +  H.COOH  +  sOH,. 
CH..CH.OH  '  ^  » 

Etlt7liBetlul«lj«oL  ^OqrMgnieaaM.  Vonaisadd. 

I      * "  C(CHJ-OH 

CH.OH  +  4(0  +  OHJ  =   1  +  H.COOH  +  5OH,. 

\  CX)«OH 

CH. 

1MnMtta|lgl|«oL  Oiyinbo^ileaBld.  FonnioaeU. 

^1495)  METHALDEnVDROL  :  011^(011)^. — AVlicn  fliiodomcthruic 
or  iiu'tliylcuic  iodide  is  heated  witli  arj^eiitic  acetate  and  a  sinuU 
quantity  of  glacial  acetic  acid,  it  is  couvcrted  into  the  diacetate 
CH^(C2H30.\  ;  ou  lieatiiig  this  suhstaiice  with  water  in  closed 
tubes  at  ioo°  {2iz°  F.)  it  is  dissolved  and  decomposed,  aud  a 
solution  is  obtained  whicli  it  can  scarcely  be  doubted  coutains  the 
componnd  CH,(OU),  together  with  acetic  acid : 

CH,(CjlIs0^j  -h  2OII2  =  CH,(OII),  +  allCjHjOjp. 

On  evaporating  the  solation  in  vacno^  howerer,  a  white  Bolid 
aubetance  remains  which  is  a  polymeride  of  methylic  or  formic 
aldehyde,  probably  of  the  composition  Cflfi^  (see  Formic  Alde- 
hyde) ;  this  substance  is  insoluble  in  water^  but  when  it  is  heated 
with  water  at  130® — 150**  (266^ — ^302**  P.)  in  closed  yessels  it 
diasolTeSj  probably  being  converted  into  metbaldehydrol  (Butlerow^ 
Ann.  Chan,  Pharm.,  crii.  110;  cxi.  242 ;  cxv.  326) : 

C,H.O,  +  3OH,  =  3CH,(0HV 

The  solntion  of  methaldclivdrol  is  readily  oxidized,  formic  acid 
being  prcjdnccd  on  adding  to  it  freshly  precipitated  argentic  oxide 
(argentic  hydrate) : 

CH^COH),  +  2AgOH  «  H.COOH  +  aAg  +  aOH^ 

(1496)  Glycol  or  Kthylknic  Alcohol:  C2H^(OH)g=6a. — 
This  componnd  was  discovered  in  18  56  by  Wurtz,  who  prepared 
it  firom  ethylenic  iodide  ;  it  may  be  obtained  from  tlie  corre- 
sponding dichlor-or  dibromethanc  in  the  manner  already  described, 
and  it  is  also  formed  on  heating  dibromomethane,  CH^Br^  with 
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water  and  plumbic  oiide  to  140^ — 150**  (^^4^ — S07^  F.)  (Jeltekow, 
DetU.  chem.  Get,  Ber,,  vi.  558},  bat  according  to  Demoie  (Atm, 
Chem,  Pharm.,  cbuuii.  iiy ;  clszvii.  45 ;  Deut.  chem.  Gee.  Ber,,  ix. 
480,  636,  917),  it  is  most  readily  prepared  by  heating  a  mixture 
of  a-dibromethane  or  ethylenic  bromide  with  potassic  acetate  and 
aqueous  alcohol. 

The  proportions  employed,  the  strength  of  the  alcohol,  and  the  length  of 
time  during  which  the  mixture  in  heated  are  all  of  oooMqueoce:  the  most 
&f  oorable  result  being  obtuned  when  a  mixture  of  ethylenic  bromide  and  Gaie> 
fully  dried  potassic  acetate  in  the  proportions  CJl^Br,  :  KC,H,0,  =  i88  :  98 
with  an  anriduiit  of  alcohol  of  91  per  cent.  (sp.  ^'r.  "82),  about  equal  in  weitjht 
to  the  ethylenic  bromide  eniployeil,  is  heated  to  boil  in:;  for  altoiit  twenty  hours 
iu  a  flaiik  attached  to  a  reversed  cuniieuHer  ;  uiler  liltering  uli'  the  pjtoti^ic  bromide, 
the  glycol  ie  isolated  from  the  liquid  by  firaetional  dbtillation. 

Nearly  one-half  the  ethylenio  bromide  i«  recovered,  but  it  ia  not  therefore 
to  be  supposed  that  one>half  the  amount  will  suffice ;  on  the  contrary,  wlun  a 
mixture  of  the  bromide  and  acetate  in  the  proportions  C  ll^Br..  :  2KC.Hj(X  = 
18S  :  196,  with  alcohol  of  91  per  cent.  U  similarly  treated,  only  glycol  luoa- 
acetin,  C,HXOH).C,H,0,,  is  obtained. 

The  formation  of  glyool  from  ethylenic  bromide,  potaiaic  aeetate,  and  aqueoaa 
aloob<d  MWidmibtedly  the  end  result  of  a  series  of  changes,  and  it  is  difficult  to 
pronounce  with  certainty  upon  their  nature  and  the  precise  order  in  which  they 
occur.  It  uiay  be  sup|>o?e(l  tlutt  when  the  bromide  and  acetate  are  heited 
together  iu  the  proportion  of  one  molecule  of  the  former  to  two  of  the  latter  a 
certain  amoont  of.  the  bromide  u  converted  into  the  diaoetin«  wbidi  is  then 
decomposed  by  the  alcohol  and  converted  into  the  monacetin,  thia  reaction  \M&og 
perhaps  in  part  eflbcted  by  the  alcohd  itself  and  in  part  by  the  water  whidi  it 
contains;  thus : 

C\H,Br,  +  iKC.H.O^  =     C,H,(C,H,Og),     +  aKBr; 

C.H,(CAO,).  +  C.H..OH   -  C.H,(OH).CJtt.O.  +  C^^CAO.; 

C,H,(CAOs)s  +     OH,     -  CA(OH).C,H.O,  +  HC^O^ 

In  this  manner,  if  the  heating  be  continued  suthciently  long,  the  whole  of  the 
ethylenic  bromide  ultimately  becomes  converted  into  glycolie  mooaeetin. 

When  the  larger  proportion  of  ethylenic  bromide  is  employed,  it  is  probable 
tbat,  until  the  whole  of  the  ixitasBto  acetate  ia  aoted  upon,  only  monaostui  ia  pro- 
duced, but  that  then  the  following  reactions  ocoar  in  snooeasion : 

a   C,H,Br.  -I-  CA(OH).C,H,0,  =  CAB'(OH)  +  C,H,Br(C,K,Oj ; 

C,H,Br(C,H,OJ  +  C,H,.OH  »  C,H,Br(OH)  +  C,Hi.C,H,0; 
y      C,H,Br(OH)    4-     OH,     «  C,H,(OH),    +  HBr. 

A  certain  amount  of  hydrobromic  acid  is  thus  produced,  which  probablv*  at  once 
enters  into  reaction  with  the  monacetin  present  to  form  bromacetin  and  w«ter: 

CA(OH).CAO,  +  HBr  =  Cfifir{Cflfi^  +  OH,, 

and  from  the  bromacetin  thus  formed,  the  bromhydrin  C,II^Br(OUy  and  glyool 
are  then  produced  in  succettsion  by  the  reactions  indica^  by  equations  /)  and 
hydrobromic  acid  bein«5  again  liberated.    In  this  manner,  the  conversion  of  a 
larc,'e  amount  of  trlycolic  monacetin  into  glycol  may  be  gradually  efTectwl  by  the 
aid  of  a  very  small  amount  of  hydiobromic  acid.    According  to  JDemole,  3^ 
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gnrnw  of  glyeolie  moiuusetin  are  almost  completely  oooveried  Into  gtyool  by  boiling 
witli  80  per  cent  aloohol  and  3  or  3  irofw  of  the  brombydriii  Cfifir(OK)  * 
for  twenty  houn!. 

Glycol  may  also  be  prepared  by  boiling  glycolic  monacetin  with  ethylenio 
bromide  and  alcohol  of  91  percent.;  the  rapidity  with  which  the  change  is 
effected  depends,  however,  upon  the  amoant  of  bromide  employed.  Thus  the 
eoBvenioD  of  200 — 325  grams  of  the  monaoetin  is  completed  in  tweDty-fonr 
hours  if  it  be  mixed  with  100  grams  of  ethykme  bromide,  but  if  50  gramn  of 
the  bromide  are  taken  the  boiling  must  he  continued  for  thirty-six  hours,  and 
if  only  25  i^rami)  of  the  bromide  are  added  it  requires  at  least  forty>£ive  hoars' 
boiling  to  etl'ect  the  conversion  (Demole). 

According  to  Zeller  and  Hnefner  (Joum,  pr,  Chem.  [2],  x.  270), 
ethylenio  bromide  is  readily  converted  into  glycol  by  boiling 
wiUi  an  aqueous  solution  of  potassic  carbonate. 

Glycol  is  a  colourless,  almost  odourless  liquid,  of  the  con* 
sistence  of  a  thin  syrup  ;  it  has  a  sweet  alcoholic  taste.  It  boils 
at  197°  (386^-6  P.),  and  at  (32**  F.)  has  the  sp.  gr.  1*125  ;  it  is 
misciblc  with  water  and  alcohol  in  all  proportions.  When  a 
solution  of  fclycol  is  exposed  to  air  or  oxytjca  in  contact  with 
platinum  hhwk,  f//i/ro/ic  acid,  CH,(OII).COOII,  is  produced;  on 
oxidation  with  nitric  acid,  glycol  furnishes  glycolic,  glyoxylic,  and 
oxalic  acids,  and  glyoxal  (p.  508).  By  heating  to  250°  (482°  F.) 
with  potassic  hydrate^  it  is  converted  into  potassic  oxalate : 

CH,(OH).CHj(OH)  +  2KOH  =  CO(OK).CO(OK)  +  4H2. 

When  it  is  gently  heated  with  zincic  chloride^  it  furnishes 
ethylic  or  acetic  aldehyde  (Wurtz),  and  according  to  Nevoid 
{Compt.  Rend.,  Ixxxiii.  228),  a  small  amount  of  aldehyde  is  also 
produced  when  glycol  is  heated  with  water  to  220^ — 230^ 
(428—446**  P.)* : 

CH,(OH).CHj(OH)  -  OH,  =  CH^.COH. 

Glycol.  Ethjriic  aldehyde. 

By  th<^  action  of  I  ydrochloric  acid  on  fjlycol,  monochlorethylic  alcohol  or 
glycolic  chlorhydrin,  C,Il,('l(OH),  is  produced:  this  compound  may  also  be 
prepared  by  the  action  ul  an  excels  of  sulphur  chloride,  S^Cl,,  on  glycol  (Curius, 
jitm,  desi.  Pkarm,^  ezxiv.  257).    It  \n  a  colourless  liquid  soluble  in  water. 


•  According  to  Carina  (Aim.  Chem.  Pharm.,  cxxxi.  173),  aldehyde  is  ob- 
tained on  heatint,' ethylenic  bromide  witli  w  iter  to  1  50" — l6o°  (302^ — 320°  F,). 
When  etliyU  nic  chloride  in  heated  with  water  and  plumbic  oxide  to  1 70°  (338°  P.) 
glycol  in  formed,  and  it  is  therefore  probable  that  the  formation  of  aldehyde 
firom  ethylenio  bromide  is  dependent  upon  the  presence  of  hydrobromic  add 
(Jeltekow,  Deut.  chem.  Ge*.  Ber.,  vi.  558).  When  /3-dibromopropane  or 
propylenio  bromide  i«  heated  with  water  and  plumbic  oxide  to  170"  (338*'  F.), 
ac-'tone  is  produced,  but  /3-dichloropropane  on  similar  treatment  furnishes  both 
propylenic  glycol  and  acetone  (Jeitekow,  comp.  p.  437). 
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which  boils  at  about  130"  (266**  F  ).  The  corrpspondinj;  hromo-dt  rivative, 
C',HJir(OlI),  boils  at  147**  (296"'"6  F  ):  it  may  le  oblaiucd  by  the  action  of 
hydrobromic  acid  on  glycol,  by  combining  etbykuic  oxide,  C,H^O,  with  hydro- 
bxomic  acid,  or  by  heating  a  mixiiuo  of  ethyleoie  bramido  and  glyeol  to  120" 
(248^  F.).  When  hydriodic  aoid  gta  k  poned  into  glycol,  it  is  rapidly  abaoibdl 
and  much  heat  is  developed,  ethylenic  iodide,  C,H  J,,  being  produced  ;  but  when 
the  tfin jxT.itiire  is  prevetitcil  {rom  riKintj;  by  coo!in;jj  the  vessel  which  containg  the 
glycol,  the  iuterme  liat^  compound,  0,^11  J ((  MI),  js  formed,  which  may  also  be 
obtained  by  heating  the  corresponding  chlorinated  compound  with  potassic  iodide. 
Itisaooloarlen  liqaid  which  deoompoaes  on  diatillatioo,  yielding  ^ylonio  iodide 
and,  probably,  glycol.  Glycol  ia  readily  acted  upon  by  acetic  ohUnrkte  and  coo- 
▼Mted  into  dilorothylio  acetate  or  glyoolic  chknaoetin : 

In  a  similar  manner,  many  of  the  secondary  and  the  tertiary  carbinols  are  con- 
verted into  chloroparaffins  by  the  action  of  acetic  chloride  (Flavitzsky.^im.  Ckem, 
PJkarm,,  clzziz.  364). 

(1497)  Polyethlyenic  OlycoU. — ^By  heating  glycol  with  ethylenic  oxide, or 
with  ethylenic  bromide,  a  series  of  compounds  whieli  tnay  be  termed  jx)lyethy- 
lenic  <,'lycols  have  been  obtained  by  Wurtz  and  Lonreiico,  which  are  formed  by 
the  cundeuhation  ol  n  molecules  of  glycol  with  elimination  of  »  —  I  molecules  of 
water.   The  following  have  been  isolated : 

Diet hylenic  glycol  .  .  T  H„0,  =  2C„H/0H).  -  OH, 

Triethylenic    „  .  .  <\H,,0  3<^','H.(^^H);  -  2OH, 

Tettelhylenio  „  .  .  C,H,/),  -  4C,H,(0ll)  _  ^OR^ 

Pentethylenic  „  .  .  C„H^O.  =  5('\".(^H),  -  4OH, 

Heaethylenio  „  .  ,  CJi^O^  =  ^C^^COH),  -  sOH^ 

In  preparing  these  bodies  ffOm  glycol  and  ethylenic  bromide,  the  mixture  of 
the  two  aobetanees  is  heated  to  no — 120*  (230** — 248**  F.)  in  sealed  tobea: 

aa  to  which  compounds  are  produced  depends  both  upon  the  proportions  taken, 
and  the  length  of  time  durinL,'  which  the  heating  in  continued,  but  if  a  suf- 
ficient excess  of  <;lycol  is  enniloyed  still  higlier  members  of  the  series  than  thosie 
above  meuliuued  may  be  obtained.  The  products  are  separated  by  fractional 
distillatitm,  the  diatUlation  of  the  higher  tenna  bang  effected  under  reduced 
pressure.  • 

The  first  reaction  whieh  ooeoza  undoubtedly  coniista  in  the  formation  of  ^y* 
colic  bromhydriuj  tboa: 

Cfi,{OB)^  +  C|H,Br,  =  2C,H,Br(0H). 

From  tiiis  compound  and  glycol,  dielhylenic  glycol  is  then  produced  in  the 
manner  rcpreaented  by  the  following  equation : 

CH„OII  CH..OH 
I  I 

cir.OH  cii. 


H^OH  CH,.OH 


The  hydrobromic  acid  thus  liberated  serves  to  convert  a  further  quantity  of  glycol 
into  the  bromhydrin,  which  then  enters  into  reaction  with  the  dietljylenic  glycol, 
and  in  a  aimilar  manner  converfct  it  into  triethylenic  glycol,  hydiohnmia  add 
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being  again  liberated  ;  by  a  simiUr  cycle  of  reactions  tetrethylenic  glycttl  is  ftjrmed 
from  trietlivK-ntc  '^'lycol,  ntt'tliylenio  t,'Iyc-ol  from  tftretliylenic  glycol,  and 
bexethyleuic  glycol  tn)ii»  [teiitcthylenic  glycol.  If  the  temperature  is  allowed  to 
ziM  above  130  (266'  F.)  the  hydrobroinic  acid  produced  not  onlj  aels  on  the 
gljool,  bat  alao  on  the  polyethylenio  glyoola,  and  bromhjdrina  of  the  lattnr  are 
Ibraied. 

Diethyhnic  Glijcul :  ^'^^^0(011)^,  is  a  sweet  syrn]iy  liquid,  soluble  in 
water,  alcohol,  aud  etlier  ;  it  bi)iU  at  alniut  245°  (473'  On  oxidation  with 

nitric  acid,  it  furnislies  il'Kjl ijaiViC  and  : 

CH,(UH  ).CIi,.O.CU^CH,(OU)    ;  COOH.CH,.O.CH,.COOH. 

Dielhjrlcnic  gljrcoL  Difflycolic  acid. 

Triethylenic  Glycol  :  C\H,.jO,(()IIV,  is  a  very  thick  liquid,  which  boils  at 
about  290^^  (654°  ^•)-    Nitno  acid  converts  it  into  diglycolelhifUnic  acid  : 

CH.(OH).CH^aCHfCHyO.CUfCU.(OH). 
TrlvthjlenkiKfOoL 

<X)OH.CH,.O.CH,.CH^O.CH,.COOH. 

DifflTOoMlvlenieadd. 

The  higher  poljethylenie  glyeola  are  atiU  more  Yincid  aabatanoee ;  the  three 

remaining  terms  which  have  been  isohitcd  boil  retpeetivelj  at  abont  230* 
(446°  F.),  280°  (536*"  F.),  and  325''  (617^  E.)  under  a  preaeure  of  25  mm.  of 

mewury. 

(1498)  TbichlomethaldBHTPBol  or  Chloral-hydrate :  CC1,.CH(01I),.— 
Thia  eomponnd  i»  formed  bj  the  oombination  of  trichloraldehyde  or  eblorat  with 
water{CClyC0H-i-OU,»0Cn,.CH(0H),,  which  is  attended  with  the  develop, 
ment  of  a  eonaiderable  amount  of  heat.  It  may  also  be  produced  by  the  action 
of  chlorine  on  a  well  cooled  aqueous  solution  of  aldehyde  (Wurtz  and  Voj^t, 
Compl.  ReHd.,\xx\v.  777  j  Pinner,  Chem.  Pharm.,  Axx'ix.  24);  its  fi  ima- 
tinn  in  thia  manner  may  be  regarded  as  evidence  of  the  presence  of  the  compound 
CU,.CH(0H)2  in  such  a  eolation,  and  ie  not  to  be  aecoanted  for  by  the  aKanmp- 
tion  that  the  aldehyde,  CH^.COH,  ie  converted  into  chlnia],  which  then  combines 
with  the  water,  as  c  hloral  is  never  obtained  when  aldehyde  alone  ie  submitted  to 
the  action  of  ddorine  (see  Aldehyde) : 

CHX'IKOH),  +  3a,  =  CCl,.cn(OH)^  +  3Ha 
EtiuldelijdroU  TricliUmthaUlehjdfoL 

It  crystallizes  in  large  monoclinio  prisms,  s  luble  in  water;  it  meKs  at  46** 
( 1 14'  8  F  ).  and  boils  at  about  96^  (204°'8  F.)  :  but  ita  Yapoar  eODsiets  of  a 
mixture  of  chloral  and  water. 

On  mixing  chloral  with  glacial  acetic  acid,  heat  is  developed,  and  when  tho 
liquid  ie  allowed  to  evaporate  over  sulphurio  add,  crystals  are  obtained  which 
aometimee  oonxist  of  ordinary  chloral-hydratp,  but  sometimes  of  a  substance  of 
the  same  oompottition,  ni»  lting  at  So°  (176''  F.)  ;  the  relation  of  this  substance    .  • 
to  ordinary  chlor.-il-hydraie  has  not  yet  been  ascertained  (Meyer  and  Dulk, 
Cktm.  Pharm.,  clxxi.  74J. 

Chlorsl-hydrate  la  eonvetted  by  ozidal«m  wiMi  concentrated  nitric  acid  into 
triohkMraeetie  aeid : 

OCl,.(i!II(on),  +  (O  +  OH,)  =  CCl.COOH  +  2OH,. 

On  treatment  with  aqueous  alkalies,  it  furnishes  triohloromethane  or  chlorufora 

and  a  loruiate : 

2CC1,.CU(0H),  +  KHO  =  CHC),  +  U.COOK  +  OH,, 
3  L  L- 
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It  readily  parts  with  trie  eleinouts  of  a  tiu>Ucule  of  water  when  agitated  with 
concentrated  suljihuric  acid,  and  is  converted  into  chloral.  On  parsing  sulphu- 
retted h}  drogen  gus  into  a  coDceDtrated  ai^ueous  solution  of  chloral-hydrate  the 
foUowing  reaction  occurv : 

2CCl,.CIi(01I),  +  SH,  =  [CC1,.CH.0II],S  +  2OH,. 

The  compound  [CC1,.CH.UH],S  is  a  white  crystalline  solid,  insoluble  in  water, 
which  gradually  decomposes  it,  but  poluble  in  alcohol,  benzene,  &c. ;  it  melts  at 
iiS^  (2C2°4  F.),  and  is  converted  by  acetic  chloride  into  the  curopouod 
[CCl,.CH.C,H,OJ,S,  which  melU  at  78°  (i72°-4  F.)  (Fateruo,  Wys».  Jomrn, 
Ckem,  8oe.t  xivii.  459). 

By  the  action  of  acetic  chloride  on  chloral-hydrate  the  dlloraretin 
CC1,.LHC1(CjIIj()„)  is  produced  ;  the  formation  of  this  body  may  be  supposed  to 
take  place  in  the  same  manner  as  tliat  of  tlie  compound  CH  Cl.CH  (C'  H.O.) 
from  glycol  (p.  5 1 2),  but  it  appeurh  more  probable  that  the  hr^t  action  of  the 
diloride  cmtiste  in  the  produeUon  of  ebkNnI,  whidi  Umh  miitea  with  a  mdMok 
cf  acetie  chloride ;  thoe  t 

CCl,.CII(01l),  +  C,H,0C1  =  CC1,.CX)H  +  C.H^O,  +  HCL 

Chloral- b5drmt«.        Acetic  chloride         Chkral.  Aeetfeadd. 
CC1,.C0H  +  C,H,0C1  =  CC1,.CIIC1(C,1J,0J. 

It  has  been  shown  that  the  reaction  represented  by  the  second  of  these  eqnt- 
tions  re.idily  taken  place  (Meyer  and  Dulk,  Ann.  Chem.  P/«/rwj., clxxi.  67). 

Chloral  hvdrate  is  chietly  remarkable  on  account  of  its  physiological  action, 
produdng  deep  sleep  when  administered  bj  the  mouth,  or  when  directly  intro- 
daced  into  the  drenlation  hy  suheatancoaa  injection.  The  hypnotic  aotiMi 
which  it  exercises  has  been  attributed  to  its  conversion  into  chloroform  within 
the  system,  the  latter  being  regarded  :is  the  really  active  substance,  but  there 
appears  to  be  much  reason  to  doubt  this  i  xplaiiation  (comp.  Toma.«zcwicz,  Jvum. 
Chem,  Soc.f  Jtxvii.  824 ;  Mering  and  Mui-culus,  Ueut.  chtm.  Ges.  Her.,  viii.  662). 
Chloralrhydrate  is  decomposed  in  presence  of  potaieic  hydrate  by  potaedc  perman- 
ganate»  carbonic  oxide  gaa  being  evolved,  and  potaamic  chloride,  formate,  and  cir^ 
bonate  produced :  the  reaction  occurs  even  with  very  dilute  solutions,  and  if  borax  be 
substituted  for  potassie  hydrate.  This  circumstance  has  led  Taurot  to  suggest  that 
diloral- hydrate  undergoes  a  similar  decomposition  in  the  circulation,  and  that  \u 
action  as  an  hypnotic  is  dne  to  the  carbonic  oxide  produced  {Cumpl.  Hend.,  \xx\x. 
663).  A  cryBtellinemonobaaic  add  of  the  composition  C\H,,Ci/>^,  called  ttroeklo' 
raiic  acid,  has  been  isolated  from  the  urine  of  per^  ns  who  were  taking  foor  to  fire 
grams  of  ciiloral-hydrate  per  diem  ;  it  exerts  a  lievorotatory  action  on  polarized 
light,  and  reduces  an  alkaline  cupric  sohition  (Mrring  and  Musrnlus.  h/r.  cit,). 

Uichloraldehyde  and  uibroni-  and  tribrumaluclivdc  combine  with  water  forming 
oompoonda  whidk  both  in  compoeition  and  propei-tics  exhibit  the  doeert  analogy 
to  trichlorathaldehydrol.  Dickloret/ialdei^drol,  CHCai,.CH(OH),,  ia  alao  on* 
of  the  products  of  the  action  of  chlorine  on  an  aqueous  solution  of  aldehyde;  it 
crystallizes  in  laminie.  Dihromethaldehydrol .  Cli  l{r.,.C'H(OH)  .  crvstallires  in 
fine  needlt  s;  1ribrom(Ululdlhl|<^rol,Ci^Y^.^^]^{K)l\),,,U>v\v\»  broad  rhombic  plate* 
which  melt  at  53°  (127°  4  F.)  (Pinner,  Ann.  Chem  Pharm.,  clxxix.  O7). 

(1499)  Alcohols  of  thb  CoHPoemov  cyi,(OH),  ^  76.— PrMMtyor 
a-Propylenic  gli/col :  CHj(()H).CHj.CHj(OH),  prepared  from  a-dibtoaiopiop«M 
(l  189).' boils  at  216''— 217°  (420°  S  -  422°-6  F.).  If  it  is  witurated  with 
hydrochloric  acid  gas,  and  the  iinxtnti'  is  heated  to  100"  (212'F.)  for 
5 — 6  hours,  a  mixture  of  a-diciiloiopropatie  and  a-cltlotuprofj^lic  aloihol, 
i;H,CLCH,.CII,(01i),  is  produced.  The  latter  is  an  oily  U^uid,  soluble  iu  water^ 
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of  the  vpedfie  gnvity  1*132  at  17**  (62**6  F.)>  and  boib  at  160°  (320°  F.) 
(Bebcml,  Compl.  S^nd^  baviii.  1773 ;  Iniz.  169). 

(3-PrQp9lmiefflyeol»Metk^iplyrol.  CH,.CIl(Oir).CH..(OH),  prepared  from 
/3<libromopropane  or  propylenic  bromide,  CH,.CIIl)r.CH,Kr,  is  a  culoiirU-ss 
oily  liquid,  of  sweet  taste;  it  boils  at  188°  (37o'''4  F.).  and  at  0°  (32^  F.)  has 
the  speci tic  gravity  1051.  It  it*  mixcible  in  all  proportions  with  wat«r  and 
alcohol.  When  a  solution  of  methylglycol  is  exposed  to  the  air  in  contact  with 
tpongy  platinara,  laotie  and  in  prodnoed  (Wnrti) : 

CH,.CH(OU).OH,(OH)  +  2(0  +  011,)  -  CH,.CH(()H).COOIi  ^  3OH,; 

but  even  very  dilute  nitric  acid  oxidizes  it  to  glycolic  acid  : 

CH,(OH).CH(OH).CH,  +  5(0 +  0H^  =  CH,(OH).CXX)H  +  OO.+  yOH^ 

Wheo  oaddbed  \ij  a  adhrtioii  of  poiaMio  pwrmawganate,  howeror,  it  (broidioa 
ao«(io  aeid: 

CH,.CH(OH).CH,(OH)  +  4(0  +  OH.)  -  CH,.OOOH  +  00,  +  6OH,, 

and  bj  beating  it  with  potaene  hydrate  to  250^^  (4^2**  F.)«  chiefly  potaene 
oaalata  ia  prodoeed. 

On  difftiUing  it  with  nnoie  oUoiride,  propylio  aldehyde,  CH,.CH,.COH,  is 

obtained. 

By  the  action  of  hydrochUtric  acid  gas,  niithyl«,'lyc()l  is  converted  into  a 
chloropropylic  alcohol  boiling  at  127'  (26o°'6F.),  ot  the  specific  gravity  I "1302 
at  0°  (32*^  F.)  (Oser,  Anm,  Clkem.  PJkarm,  Supj^.,  i.  253).  According  to 
Varkowiii]Eoflr(»&i(l.,  oUii.  251),  a  body  having  the  same  properties  is  obtained 
by  combining  propylene  with  hypochloroos  acid,  and  it  has  abeady  been  pointed 
out  (p.  4C2)  that  tberu  is  reason  to  suppose  that  the  compound  so  produced  has 
the  constitution  represented  by  the  formula  CH^.CHC1.C'H„(0II).  It  is  re- 
markable, however,  that  the  isomeric  compound,  (?)  CHj.t'H(< )!!  ).CH„C1, 
obtained  by  Oppenheim  (p.  204),  is  stated  to  boil  at  the  same  temperature. 
By  eorabtning  propylenie  oxide  with  hydrobromio  and  hydriodio  aeid,  Markow* 
nikuif  obtained  corresponding  bromo-  and  iodopropylio  alcohols;  the  former 
boils  at  HS**— 148"*  (293°— 298'-4  F.).  and  the  latter  at  105°  (221"  F.)  under 
a  pressure  of  60  mm.  P.y  the  action  of  hydriodio  acid,  methylglycoi  is  OWI* 
verted  into  /:<-iodopropiine  or  isuprupylic  iodide  (Wurtz). 

(1500)  Alcohols  of  the  Composition  <^^V^«(^^^)t  =  9°- — Three  of  the  six 
possible  ieoroerie  batylenic  glycols  have  been  obtainedtbot  very  imperfectly  studied. 

Metfyl-a-prapylenk  glycol:  CII,.CH(OH).CH,.OH,(OU),  is  prodnoed, 
although  in  very  vaall  quantity  and  t(><<^ether  with  ethylic  alcohol,  on  treating 
an  iicidulated  aqueous  solution  of  ethylic  .iliiehyde  with  sodiutn  amalgam,  hydro- 
chloric a<'id  beini;  added  from  time  to  time  so  as  always  to  maintain  tlie  liquid 
slightly  acid  (Kekule,  iJtut.  chem,  Oes.  Btr.,  v.  56) ;  it  is  more  readily  obtained 
by  treating  a  solution  of  aldol  or  oxybutyrio  aldehyde  in  a  similar  manner 
(WurCx,  Compt.  Bend.,}xxv'h  1 165).  Its  formation  from  aldehyde,  or  xather 
from  aldehydrol,  which  first  undergoes  oandensation  and  is  converted  into  aldol- 
hydrate  or  <aybutaldehydrol,  may  be  represented  by  the  fbUowiog  eqnationa : 

CH.  CH. 

I  I 

CH(OH).  CH.OH 

•     *      I  +  OH, 

CH.  CH. 

I  I 

CII(OII),  CH(OH)^ 

Alcl*'hv(lrol.  Al<loi-h5<'ratc. 

CH,.CH(OH)CiI,.CU(OH),  +  H,  =  CH,.CH(OH).CU,.CH,(OH)  +  OH,. 
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It  IB  a  syrupy  liquid,  of  Rweet  Imt  slightly  pangmt  taste,  uid  boils  at  about 
204*  (399°' 2  F.).  On  oxidation  with  nitric  acid,  it  forntsbeB  acetic  and  oxalic 
acidf.aiitl  n  mh  acetic  acid  is  nho  proiluci<l  when  a  sohition  of  chromic  acid  is 
emphtyctl  ;  in  both  cases  appreciahle  quant  itier*  of  eibjflic  aldehyde  and  of  cro- 
tonic  aldi-hvde,  C"H,.Cli_Zt'H.C<)H.  arc  turn  t-.l. 

FAhjfhjIycol :  r,H^.CH(OH).CH,(OH),  piepared  from  the  dibromotetraiie 
obtained  fay  combining  nrnmal  bntylene  with  bromine,  is  a  synipy^  liquid  of 
sweet  but  somewhat  pun«;ent  ta*>te ;  it  boib  at  about  192**  f377'''6  F.),  and  at 

(3  K.)  l>"s  the  FjHcific  cJiivity  roitSo.  On  oxid;iti<tn  with  nitric  acid,  it 
apiKfars  to  furnish  only  gi} colic  ju  id  and  jjlyoxylic  acid.  Cll (Uli),.COUll  ^Gra- 
bowhky  and  Saytzefl',  Ann.  Chem.  Fkarmy  clxxix.  332). 

mmelhylyiycol:  (CU,),C(OH).CH^OH),  is  formed  by  boiling  the  isomerie 
dibromot*  trane  prodaoed  from  isobutylene  or  /9-dinu  tl  yh'thylene,  CH^('(CH,),, 
and  bromine,  with  an  aqneous  solution  of  pota^.>io  carWmate.  It  boil*  Jjt  alxnit 
177"  (350''  6  F.),  and  at  o"  (32°  K.)  h:u;  the  ripccific  i,'ravity  I'oi  29.  "When  it 
is  uxidizird  by  a  bolution  of  p<>ta««ic  permanganate,  acetic  acid  is  lornied,  but  its 
behaviomrwith  nitrie  and  chromic  acids  is  peculiar,  a  liquid  body  Uing  produced 
which  a|}proximfttely  has  the  compoaition  repreeented  by  the  formula  CJH„Og 
(Nevolc?,  Compt.  liend.,  l.wxiii.  65  ;  146). 

Trivhloruhutahhlnj.hnl :  Cy l^Cl  .ClK  OlT).,.— Thi?  compound  is  forn>ed  by 
the  c»  mhiiiation  of  the  trichlorobutylic  aldeliyde  produced  by  tti«;  action  of 
chlorine  on  aldehyde  (see  Ethylic  aldehyde)  with  water.  In  all  re8i)ect8  it  exbibitti 
the  closeat  resemblance  to  chloral-hydrate,  crystallising  from  water  in  thin,  glis- 
tening, white  plat^p,  which  melt  at  78°  (i72°*4  F  ).  On  oxidation  with  nitrio 
acid,  it  yieldw  trichiorohutyric  acid,  (\H,(1,0^;  and  on  treatment  with  alknli«a, 
it  is  apparently  decomposed  in  the  followin^j;  mauoer  : 

C^,C1^CH(0H),  +  KHO  =  C.H.C1,  +  H.(XX)K  +  OH^ 

but  the  triehloropropane  thus  formed  is  furtht-r  acted  upon  by  the  alkali  and 

converted  into  a  tiichloropropyI(  l  e,  C  H^C'lj  (Kramer  and  Pinner,  Ann,  Chemu. 

Phann.^  clviii.  45  ;  Pii.rer,  Hid.,  clxxix.  26,  38). 

(15C1)  ALtoiKM.sc'F  TiiK  CoMio^niMN  CJI , J( 5TT^,_  ^  104. — Only  three 
of  the  many  posnihle  isomeric  am\lcriic  i.'lyrols  have  Uh  n  obtained. 

Isfiproji/ 1  glycol :  C,Hy^.CH(OH)  C'l  1,(011),  prepared  from  the  dil»oino- 
pentane  formt^  by  combining  the  amylene  from  tlw  iodide  of  isopriraary  Arr- 
mentat'on  amylic  alcohol  with  bromine,  is  a  thick  liquid,  pun^jent  and  bitter  to 
ti  c  taste.  M.lnl  le  in  water  in  all  prcjiortions ;  it  boilnat  206""  (402°"S  F.),  and  :tt 

0  (32  '  F.)  has  the  specific  -gravity  '9987.  (^n  oxidation  with  nitric  acid,  it  ap- 
pears to  furnihh  oayvahnauic  acid,  C,lI,''.Cll(UlI).COOll  (Flavitzsky,  i7»i//, 
clxxix.  351). 

Ethi/lMdhylglt/col :  CH,.CH(0II).C(CH,)H.0H.  U  furni.h.d  by  the 
dibromop(  i:tane  liirmed  from  the  anivhne  irom  the  iodide  of  diethylcarbinol.  It 
closely  rcpcn  bhs  the  preceding  glycol.  Imt  h<tiis  at  about  188°  (370°'4  F  ),  and 
at  o'  (32'  F.)  has  the  specilic  gravity  "9945.  On  oxidation  with  nitric  acid,  it 
appears  to  Airnifh  a  small  quantity  of  a-oxybutyric  acid,  CH,.CH,.CU(  Oil)  CX^OH, 
togetlierwith  formic,  acetic,  and  glyi'oHo  adds  (Wagner  and  Say  tuff,  tftu^,  dxxix. 
307)- 

Tnmiaiihjltjcul :  (Cll  j)^0(OH ) -^'H ■H„)(OI i ).  prepared  from  th.  hr.  mide 

01  orcina'y  am\ h  t)e  or  trin  cthyh  tiiylt  iic,  is  a  >}ruj)y  liquid  ot  hiiti  r  ta>tf  ; 
it  boils  at  177  (3^0  6  F  ),  iind  at  o  (32^  F.)  haa  the  fiinuilic  gravity  "9S7 
(Wurtz).  On  oxidation  with  nitric  acid,  it  furnishes  oxyisubutyrie  acid, 
(('H,),C^OII).COOH  (Wurtz.  ibid,,  cviL  197 ;  Markownilcoff,  %lnd.,  cliit 
228). 

The  beltaviour  cn  oxidation  of  the  two  glycols  ixom  the  amylenes  prepared  from 
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fermentation  amyVu-  alcohol  is  of  importance,  as  it  establislu'-*  iho  con^titntion  of 
tht*  olefin  s  from  which  they  are  pro  lu  -e'l.  Tl»iis,  the  simplest  and  most  j)ro- 
bable  formula  which  can  be  attributed  to  the  amyleue  from  the  iodide  of  uopri- 
nuury  smjrlic  aloohol  (p.  194)  b  that  which  represents  it  as  isopropylethylene : 
C,H^.H<^ZCH^  and  this  for»nula  is  confirmed  by  the  production  of  an  acid  of 
the  OOmpOMtion  C,H,^.CH(OII).COOH  on  oxidatiDn  of  the  glycol  prepared  from 
the  amylene  in  question.  On  the  other  hind,  the  formula  C(CH  J  zzC'H.C'iI, 
for  the  amyiene  produced  from  the  fermentation  alcohol  by  tlie  action  of 
zinoio  chloride  is  not  only  that  which  bert  loooids  witii  its  general  behamnr,  and 
whidi  enables  as  to  explain  its  finmation  (p.  451).  bat  it  is  the  only  one  which 
enables  us  to  account  for  the  formation  of  oxyi>iobotj]rneand,(CUg),C(OH).OOOU, 
by  the  oxidation  of  the  i:lycol  derived  from  it. 

(1502)  Alcohols  of  the  Composition'  C^H^  (OH)^  =  i  18. — Dimethi/l- 
a-buliflenic  glycol:  CH,  CU(Oii;.CH,.ClI,.Cll(Uli)  CH,,  prepared  from  the 
diiodhexane  produced  by  combining  the  hydrocarbon  diallyl  (1255)  with  hydri- 
odic  acid,  in  a  syrupy  liquid,  soluble  in  water  ;  it  boils  at  2 1 2° — 2 1 5°  (4I3*''6  — 
419®  F.),  and  at  0°  (32"  F.)  has  the  specific  gravity  '9638.  By  heating  with  a 
roncentrat^'d  solution  of  hydrochloric  acid  to  100"  (212^  F. ),  it  is  converted 
into  dichlorhexane,  C,H„Cl,,  and  a  solution  of  hydriodic  acid  acts  upon  it  in  a 
similar  manner  at  ordinary  temiieratom  (Wnrts,  ibid.t  cxxxi.  344)* 

Propylm^iylfffyeol :  C,M,«.CH(OH).CH(OH).CH,.— >Tbe  glyool  prepared 
firamthe  bromido  of  the  hexyh  ne  from  mannite  (pp.  195*  399)  probab^  hat 
this  constitution.  It  is  a  colourI<'ss  Rvnui.  miscible  witli  water  in  all  propor- 
tions; it  boils  at  about  207"  (404''*6  F.),  and  at  o"  (32''  F  )  has  the  specirtc 
gravity  "9669.  It  is  not  converted  into  the  correspondin*;  dichloroparatiin  by 
the  scfcion  of  hjdroehlorio  acid  at  lOo""  (2 1 2^  P.),  but  famishes  a  product  boil- 
ing between  lOO**  and  250**  (212^  and  482**  F.);  hydriodio  acid  converts  it 
into  normal  secondary  hezylic  iodide  fWurtz,  ibid.,  cxxxiii.  217). 

Tth-ainelhiflglyrol  or  pinarone  :  (CH  )  ('(nH).C'(^'H,).^.UH,  is  produced, 
together  with  isopropylic  alcohol,  by  the  action  oi  nascent  hydrogen  on  dimetl»yl- 
ketone  or  acetone,  Cil^.CO.CU,.  It  crystallises  from  water  in  large  plates  of 
the  composition  C,Ii.,(OII),  f  60H,,  which  melt  al  42**  {iof'6  F.).  The 
anhydrous  jf'ycoK  which  may  be  obtained  by  distilling  thu  substance,  is  also 
crystalline;  it  melts  at  ^^8°  (ioo°4  F.),  and  boils  at  about  172°  (341^  6  F.). 
On  oxidation  with  chromic  acid,  j)inacone  is  reconverted  into  acetone  ;  its  conver- 
sion into  pinacolin  by  the  action  of  couceutrated  sulphuric  acid  has  already  been 
notioad  (p.  453). 

(1503)  UlOHSm  HoMOLoauFs  07  Glycol.— An  octylenic  gljfcol,  probably 
of  the  composition  Cjn„*.CH(()H).Cli(OH).CH,,  has  been  prepared  from 
the  dibrornoctane  from  octylcne  (1235)  »  insoluble  in  water, 
of  the  Kpecitic  gravity  '932  at  (32'^  F.),  and  boils  at  235^  —  240" 
(455** — 464°  F.)  (Clermont,  ibid.,  Sujap.,  iii.  254;  clvi.  118). 

The  remaining  terms  of  the  series  are  all  ternary  glycols.  A  crystalUna 
dipropjfldimetk  1^1  glycol  is  obtained  by  the  action  of  nascent  hydrogen  on  methyl- 
propylketone ;  it  boils  at  225"  —  27,0°  (437" — 446"  F.)  flJrimm,  clvii. 
357).  The  isomeric  (time^A^/i^ftwojpro/fy^^^co^  is  apparently  a  li<iuid  (Miincb, 
ibid.,  clxxx.  340). 

A  eryataUine  dmtikjfldibutjflglifcol  w  formed  on  sobmitting  pinaodin  or 
metiiyl  tertiary-batylkslMia  to  .the  action  of  nascent  hydrogen;  it  melts  at  69^ 

{i$6'*'2  F.)  (Friedel  and  Silva,  Oompt.  Rend.,  Ixxvi.  226) 

La'*tly,  dipropylketone  is  converted  by  na.scent  hydrogen  into  a  iefr<ipropt/l- 
glycol  which  melts  at  68'  (i54'  4  F.) ;  it  is  reconverted  i;ito  the  ketone  by 
oxidation  (Kurtz.  Ann.  Chem.  Phann.,  cixi.  215).  The  isomeric  ietraiiO' 
propjflglj/col  is  liquid  (Miincb). 
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(1504)  Ou  compariag  together,  with  the  aid  of  the  table  on  the 
previous  page,  the  glycols  which  arc  strictly  homologous,  it  will 
be  evident  that  no  relation  is  at  present  discernible  between  their 
boiling  points,  with  the  exception  that  the  dittV'rcncc  between  the 
only  two  primary  glycols  in  the  table  is  the  saniv)  as  obtains  in  the 
case  of  the  normal  primary  alcohols  of  the  ethylic  series  ;  bnt  it 
must  be  reraembered  that  our  knowledge  of  most  of  the  glycols 
is  extremely  deficient,  and  that  it  is  probable  that  further  inquiry 
will  show  that  maay  of  the  statements  which  have  beea  made  are 
erroneous^  a  circumstance  due  to  the  very  small  quantities  of 
material  operated  upon.  Only  the  glycols  which  are  arranged  in  the 
table  in  the  $ame  Tertical  series  are  strictly  homologons. 

§  YIL  DiBTDEio  Alcohols  ov  the  C^II^_^(0H)2  Sbbim. 

(1505)  These  are  derived  from  the  hydrocarbons  of  the 
Cfi^^^  series  by  the  displacement  of  two  atonu  of  hydrogen  by 
two  OH  groups,  and  for  the  sake  of  convenience  may  be  divided 
into  three  classes:  the  dihydrio  phenols  or  ordnoU,  such  as 
the  dioxybeniene,  resorciny  H^(OH)j|,  in  which  we  suppose  the 
OH  groups  are  both  united  directly  with  carbon  atoms  of  the 
bensene  nucleus;  the  aromatic  glyeoU,  such  as  xylene-glycol^ 
CgH^(CHj2.0H)^  in  which^  on  the  contrary^  both  the  OH  groups 
occur  in  the  side  chains;  and  an  intermediate  class  of  alco- 
hols of  the  saligenin  series  or  saligenoU,  which,  like  saligenin, 
C,H^(OH).CHj(OH),  oontain  one  OH  group  in  the  bensene 
nudens  and  the  other  in  the  side  chain. 

The  orcinols  bear  the  same  relation  to  the  phenols  that  the 
glycols  bear  to  the  alcohols  of  the  ethylic  series,  and  diflfer  in 
properties  from  the  glycols  in  the  same  manner  that  the  phenols 
differ  from  ethylic  alcohol  and  its  homologucs.  From  the  con- 
stitution of  the  hydrocarbons  of  the  aromatic  series,  a  coni[)ui  a- 
tivelv  large  number  of  isomeric  derivatives  of  this  class  mav 
exist  theoretically,  although,  as  vet,  very  little  is  known  about 
them.  Thus,  benzene  may  furnish  three  isomeric  dihydroxyl 
derivatives  in  which  the  OH  groups  oceu{)y  relatively  to  one 
another  the  ortho-  or  i  :  2  position,  the  meta-  or  i  :  3  position, 
and  the  para-  or  i  :  4  position  respectively ;  whilst  toluene  is 
capable  of  yielding  two  distinct  compounds  in  which  the  OH 
groups  occupy  the  ortho-position  relatively  to  one  another;  three 
meta-derivatives ;  and  one  para-dehvativc  i* 


*  No  ijiteauitio  nomtpclstnge  hsi  been  proptMad  &r  the  ortho-,  mels-,  snd 
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Althouf^h  many  processes  have  been  employed  for  tlic  })rcj)ara- 
tion  of  the  dilivdroxvl  derivatives  of  benzene,  scarcclv  auything  is 
known  of  the  application  of  these  methods  to  the  preparation  of 
their  higher  homologues.  It  is  possible,  however,  that  the  follow- 
ing may  be  found  to  be  more  or  less  general  : 

1.  Treatment  of  the  ethvl  or  methyl  ethers  of  the  formuht 
C,Jl2n-8(^  ^l2)(^^  a^^s)'  derived  from  the  monamido-derivatiyes  of 
the  phenols,  with  nitrous  acid,  and  subsequent  conversion  of  the 
sulphate  of  the  diaso-compound  thus  produced  into  the  ethyl 
compound  C.H^_9(OH)(OC2Hs)  by  boiling  it  with  water.  This 
ethyl  derivative  may  then  be  transformed  into  the  dihydric  alco> 
bol  CnH2B_g(0H)g  or  orcinol  by  heating  it  with  hydriodic  acid,  the 
C^Hj  group  being  displaced  by  hydrogen. 

2.  Prom  the  corrcs}K)uding  hydrocarbons  by  converting  them 
into  disulphonic  adds,  and  fusing  the  potassio  salts  of  these  adds 
with  potassic  hydrate. 

Cn"2n-S    +    2ll,S0^   =    C.Hj^.^(HSO,),   +  20Hy 


CJl^_,{KSO,),  +  2KHO  =  C„H,„_e(OH),  +  2K,S03. 
C,H,(KS03)3     +  2KHO  =     CVI,(OH),    +  aK,SO,. 

PoUmIo  benzenediaulphonate.  Dihjdroxjl-benieDe. 

3.  From  the  phenolmonosulphonic  adds  of  the  formula 
CnH^.g(OH)(USO,),  or  from  the  haloid  monosulphonic  acids 
CnH,Q.8X(HS03),  obtained  firom  the  monohaloid  derivatives  of  the 
hydrocarbons  of  the  benzene  series  by  similar  treatment. 

4.  Also  from  the  monohaloid  derivatives  6f  the  phenols  bj 
fusion  with  potassic  or  sodic  hydrate  (comp.  Resordn). 

The  aromatic  glycols  dosely  resemble  the  alcohols  of  the 
bensylic  series  in  their  general  bdiaviour.  They  arc  prepared  from 


para-dihjdroxyl  derivatives  of  bsnse&e  and  itn  homologuM,  of  which  pjroealediiB* 
naorcin,  and  hjdnqainooa  may  be  takev  as  the  type*.  Conaideringdieir  analogy 
to  pbenDl,  these  three  parallel  aeriei  might  bs  lyprppristely  deaignsted cakei^* 
rmordnoU,  aud  fpunoU,'^ED§, 
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the  dihaloid  derivatives  of  tli^^  liydrocarbons  of  the  bensene  series 
containing  the  halogen  in  the  side  chains^  iu  the  same  manner 
that  the  alcohols  of  the  benzylio  series  are  prepared  from  the 
corresponding  monohaloid  derivatives ;  thus : 

C,II,(CH,C1)3  +  aKC^H^O,  =  C,U,(CH,.CJl303),  +  2KCI; 

Xylylic  clilorido.  Xylylic  acelale. 

CeH^{CH,.C,H,0,),  +  aKHO  =  C.H^(CH,.OH)g  +  aKC,U,0,. 

All  the  aromatic  glycols  at  present  known  contain  the  OH  groups 
in  different  side  chains. 

No  general  methods  for  the  preparation  of  the  saligeuols  have 
been  devised. 

(1506)  DlHVOHOXYL     DKKIVATIVES    OF    BkXZFNE.  TllC  thrCC 

possiljk' dihydro.xyl  derivutivLs  ot"  Ikmizcmc  are  all  known — namely, 
pyrocateebin,  resorcin,  and  liydroquinonc,  whieh  are  the  ortlio-, 
meta-,  atid  para-compounds  respectively.  Of  these,  resorein  re- 
sembles phenol  far  more  closely  in  its  chemical  properties  than 
either  of  the  other  two. 

(1507)  Rksorcin  or /?i".vc;/T/7jo/ ;  Metadioxybenzeiie :  il^\i^[0\\)^. 
— Resorein,  although  a  meta-eompound,  is  often  obtuinrd  from 
both  meta-  and  para-di-derivatives  of  benzene  by  fusion  with  potassic 
hydrate.  For  instance,  on  treating;  me/abromophenol  from  meta- 
nitraniliue  in  this  manner,  it  is  conTerted  into  resordn  (Wurster 
and  Noltiug,  DeiU,  chem.  Gen.  Ber.,  Tii.  904) ;  and  according  to 
Fittig  and  Mager  {ibid.,  vii.  11 77),  //arabromophenol  under 
similar  circumstances  yields  resorein  without  a  trace  of  hydro- 
quinone.  It  has  also  been  prepared  by  a  similar  process  from 
parachlorcH,  parabromo-,  and  pariodobensenesul^onic  acids,  and 
from  both  benzenemeta-  and  benseneparadisnlphonic  adds  (Barth 
andSenhofcr,  iM.,  viii.  1483) ;  in  fact,  probably  the  best  method  of 
preparing  resorein  is  to  convert  the  mixture  of  the  two  last  men- 
tioned acids,  which  is  formed  on  heating  benzene  with  faming 
sulphuric  acid,  into  potassic  salts,  and  to  fuse  the  mixture  of 
potassic  salts  with  potassic  hydrate.  Pariodphenol,  when  fused 
with  potassic  hydrate  at  a  high  temperature,  yields  nothing  bat 
lesorcin  (Nulting  and  Wrscsinski,  iM.,  yiii.  820),  although, 
according  to  Kdmer  {Ann.  Chem.  Pharn.,  cxxxvii.  216),  at 
\6j°  (329°  F.)  it  yields  nothing  but  hydroquinone.  Resorein 
may  also  be  obtained  from  purm  liloruphenol  (b.p.  218°  C.) 
(I'aust,  Deut.  cfieni.  Ges.  Ber.,  vi.  J022).  It  would  a})pcar,  in 
fact,  that  isomerie  change  almost  invariably  takes  place  when 
the  para-dcrivatives  of  benzene  are  fused  with  potassic  hydrate, 
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resorcin  beins;  formed  in  place  of  Iiydroqumoiie ;  no  simflir 
change  has  yet  been  observed  in  the  case  of  the  ortho-deriva- 
tives, however.  According  to  Woelz  {Ann.  Chem.  Pham.f 
clxviii.  yi),  fused  potassic  hydrate  is  witli(nit  action  on  hydro- 
quinono  ;  therefore,  the  supposition  that  hydroqninone  is  first 
produced,  and  subsequently  undergoes  isomeric  change  owing  to 
an  action  of  the  potassic  hydrate,  is  not  admissible  :  apj)areutly, 
the  change  takes  place  at  the  very  moment  at  which  tlic  hydro- 
qninone is  formed.  Resorcin  is  also  formed  when  galhanum, 
assafoetida,  ammoniacum,  sa«;apeiuun,  or  acaroid  resitis  are  fused 
"with  |X)tassic  hydrate ;  it  was,  in  fact,  wliilst  studyiuj^  the  actiou 
of  the  alkalies  on  galbanum  that  Illasiwetz  and  Barth  discovered 
this  interesting  compound  (Ann,  Chem.  Pharm.,  exxx.  354) ;  ura- 
beiliferonc,  C.^lip^,  and  braziltn^  ^n^ifiv  7^^^  xeaorcia 
when  similarly  treated. 

In  all  thene  casen  the  aubstance  to  be  operated  on  is  heated  with  two  or 
three  times  its  weight  of  potassic  or  sodic  hydrate  until  the  mass  is  in  a  state 
ol  tranquil  liisiitn.  It  is  then  poured  out  on  a  atone  or  mpta!  surface,  the  cake 
dissolved  iu  u  Huiall  quantity  of  water,  and  the  solution  stronglj  acidulated  with 
dilute  salphnrio  acid.  Aftfr  aHowing  the  mistore  to  stand  for  twentj^foor 
houtv,  the  liquid  !•  feptmted  from  the  eryetals  of  eodio  or  putaieio  snlphete,  filtered, 
and  agitated  with  ether  to  which  from  5  to  10  per  cent,  of  alcohol  has  been  added; 
this  takea  up  the  resorcin,  which  in  obtained  in  the  crystalline  state  on  separating 
tile  ethereal  layer  and  distillini;  ofl'  the  ether.  It  may  be  purified  by  distillation 
and  crystuUizuLiuii  Iroiii  benzene.  Kopp  considers  one  of  the  best  proces6e«  tor 
preparing  reeorcin  to  be  the  dry  dietiUation  of  the  impure  bruilin  oake  formed 
on  adding  calcic  carbonate  to  tibe  wash  watem  ohtained  in  the  manufictare  of 
brazilin  from  Brasil  wood  extract^  and  eraporatiiigto  di'juim  {Dtmi,  ekm,  Om, 
JBer.,  vi.  446). 

Beaorcin  oryatallizes  in  colourlest  triclinic  or  orthorbombio 
prisms,  which  are  easily  soluble  in  water,  and  excessively  so  in 
mlcohol  or  ether.  It  melts  at  i\o°  (230  F.)^  and  boils  at  about 
270°  (518°  F.).  No  metallic  derivatives  of  resorcin  are  known. 
Oxidizing  agents  act  violently  on  resorcin,  forming  oxalic  acid ; 
nitric  acid,  however,  gives  rise  at  the  same  time  to  a  small 
quantity  of  trinitroresordn  or  styphnic  add.  Ito  aqneons  sdntioa 
is  coloured  dark  violet  by  ferric  chloride ;  the  addition  of  ammonia 
decoloriies  the  liquid. 

(1508)  JSahid  JMooftM*  ^  JB^ioretM.  —  When  ohlorine  k  ymd 
into  an  aqueooa  lolutioii  of  reeorcin,  brown  amorphous  products  are  pro- 
duced, but  if  a  concentrated  solution  of  resorcin  be  added  to  '  chlorine  ludrate' 
(335),  taking  care  to  keep  tlir  latter  in  excess,  a  crystalline  '  pentachloro' 
resorciti,'  C^HC'l^Dj,  is  tbtained.  It  may  be  more  conveniently  prepared  bj 
adding  alternately  in  vmall  portions  5  parts  of  potassic  chlorate  and  a  lolndoa 
d  a  parte  of  reaorein  iu  8  of  hydrochloric  and  to  40  parts  of  hjdroehkria  aeidt 
always  keeping  the  chlorate  in  excess  and  cooling  the  mixture.  It  rosy  be 
purified  hj  cryatalliMtioa  fifom  earbonio  biaulphide,  and  fbnna  ookMirieiiplatM  or 
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prisms,  which  melt  nt  92^-5  (i98°'5  F.),  fltftily  aoluble  in  aloohol  or  other  ;  when 
treiited  with  hydriodic  acid  it  yield*  •  erjattUine  trieAlororuorcin  (8teuhoaiio« 
jinn.  C/itrn   P/iarm.,  clxiii.  182). 

The  action  of  excess  of  bromine  on  reaorcin  gives  rise  to  the  so-called  penta- 
C,UBr,0,,  a  oompound  almoft  inaoliible  in  water,  but  eenily 
iolnUe  in  aloohol  or  ether;  itnelttat  ii3^*5(236*3P.),aiidliketheeblorinated 
OOmponnd  is  converted  vaX/iiribromore^orcin  by  the  action  of  hydriodic  acid  {^iew' 
\iOvae,  toe.  cit.).  Liebermann  and  Dittler  (»7>iW.,  clxix.  252)  have  found  that 
'  pentahromoresorcin,' wlien  carefully  heated  to  about  150°  (302  loses  a 

molecule  of  bromine,  and  becomes  converted  into  trihi  untoresorquinonet 
C,HBr,0^  a  yellow  oystalline  subetanoe.  lodoruordn,  C.II^IO,,  is  a  odourless 
oyttaUino  eahstanoe  fonned  by  the  action  of  iodine,  in  pteeence  of  lead  oiide,  on 
neoniu  in  ethereal  solution.  According  to  HIasiwetz,  aqneous  solutiuns  0 
leeorcin,  in  common  with  those  of  orcin  and  phloroglucin,  are  capabh^  of  dis- 
solving a  considerable  quantity  ofif)dino  without  a«"quiring  a  distinct  yellow  colnur. 
The  iodine  cannot  be  detected  in  these  solutions  by  the  ordinary  reagents,  neither 
li  it  Tolatilized  by  boiling  them ;  on  evaporafcing  Uie  liquid  in  vacuo,  however,  the 
rasoroin  crjstalliaee  oot  nnohaaged,  whilst  the  iodine  sublimes. 

(1509)  NitroiO*  tutd  Nitro-derivative*  of  Rexorrin. — Resorcin  is  resdily 
converted  into  dinitrotoresorcin,  C,H,(NO),(OH),,  by  the  action  of  nitrous  acid  on 
its  aqueous  solution  ;  the  mono- potassium  derivative  of  this  compound  separating 
shortly  atler  the  addition  01  a  solution  of  potassic  nitrite  to  a  solution  of  resorcia 
■nidified  with  acetic  acid.  Dinitrosoresoroin  crystallixes  in  glistening  yellowish- 
brawn  {dates,  eontabiag  two  moleooles  of  water  of  ofystallisatkm ;  it  (hmishea 
two  series  of  metallic  derivatives,  the  mono-derivatives  being  difficultly  soluble, 
but  the  di- derivatives  easily  soluble  in  water;  nitric  acid,  even  if  very  dilute, 
converts  it  into  trinitroresorcin,  and  it  is  entirely  decomposed  on  oxidation  by 
potassic  permani^anate  or  ferricyanide ;  it  is  readily  reduced,  however,  to  diamido- 
lesoctin  (Fitz,  Deut.  chem.  Oet.  Ber.,  viii.  631). 

JfMslrvfwsoreuft.-  C,U,(NO^(OH),,  n  formed  along  with  diaiovesoroin*  by 
the  action  of  nitnma  aoid  on  resorcin  in  ethereal  solution,  and  is  extracted  from 
the  mother  liquors.  It  crystallizes  in  long  yellow  needles,  which  melt  it 
115**  (239°  F  ).  It  foniiH  two  series  of  metallic  derivatives,  in  which  one  or 
both  of  the  hydrogen  atoms  in  the  hydroxy!  groups  are  displaced  ;  they  crystallize 
well,  and  are  of  a  yellow  or  orange-red  colour.  On  reduction  it  yields  amido- 
tMOfccn ;  and  by  the  action  of  bromine,  it  is  converted  into  dibromonttroreeorcin, 
whieh^aystallizes  in  yellow  phdica  melting  at  147^  {2^''-6  F.)  (Weaelsky, 
Ann.  Chem,  Pkmnm»,  clxiv.  i), 

Trhiitroresordn,  styphntr  or  OTypirnr  arid  :  CJ^i^s 0^)^(011)^,  may  be  pre- 
pared directly  from  resorcin  by  addinij  a  concentrated  solution  to  well  cooled 
fuming  nitric  acid,  and  subsetjuetitly  dropping  the  mixture  into  sulphuric  acid 
cooled  to  -  15*^  (5°  F.).  On  pouring  the  prodnct  into  water,  the  nitro-deriratiTO 
•cpantee  as  a  crystalline  powder,  which  may  be  purified  by  crystallisation  from 
hot  water  (Stenhouse,  Proc.  Bey,  8oe.,  xix.  410).  It  is  also  formed  by  the 
notion  of  nitric  acid  on  brasilin,  or  on  tlie  extracts  of  Braxil  wood  or  Sapan  wood. 


•  The  chief  product  of  the  action  of  nitrous  acid  on  an  ethereal  solution  of 
resorcin  is  the  so-called  diazorcxurrln,  t'l^.Hj^N^O^  =  S^'J^A  2HN0„— 411^0. 
It  is  remarkable  that  phenol  and  resorcin  both  yield  nitroso-derivatives  when  sub- 
mitted to  the  action  of  nitrons  acid  in  A^neone  solution,  but  diaxo-darivativea 
when  the  aeti<m  takes  pfawie  in  an  dhereal  scdution  1  this  sut^jeot  will  be  further 
discussed  under  diazo-cotni>ounds.  Orcin  yields  a  body  of  the  composition 
^^'u^^.'^'^,  3<^rH,U,  +  UN0,^301iy  when  its  ethereal  solution  ia  tmated  with 
niuous  aod. 
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And  from  cuxantliorit^  euxantliic  a«id,  or  ])eui'e(i;inln.  Assaf-vflJu,  ammoniacuni, 
galbuuuto,  or  sa^apeuuin,  and  in  all  prubability  all  resins  wUtuh  ^ield  resorcia 
when  fut^  with  potearie  hydrate,  give  trinitrorewNdn  when  treated  witii  nitrie 
acid  Trinitioreiorcio  cryatallina  in  ptle  jdlow  lamina,  or  h««gaaal  priauii^ 
which  melt  at  I75°'5  (347°'9  F.) ;  like  trittitropheooU  it  readily  famtabet 
inetallic  (Itrivatives.  On  rt><luction  it  is  converted  into  triamidores^jrciu, 
C,U(Nii^,(^OH)^,  the  hydrochloride  of  which  t'orniahes  diimidoamidoreaorcin 

hydrochloride,  C,11(0U,),  <  HH  j  ,  on  treatment  with  ferric  chloride  (Schreder, 

(NH.a 

Aim.  Chem.  PAom.,  dviii.  244). 

(1510)  PvRor.%TECHiN     or     Catechol;     Ort liodi'txy benzene : 
.  CgH^(()Il)2. — '!  his   comjioiind  derives  its  name  from    the  fact 
that  it  was  ori^inallv  obtained  bv  the  drv  distillation  of  eateeliu  : 
kino,  niorilaiiuie  aeidj  and  all  the  various  speeies  ot  tanniu  wliieh 
give  a  j^rien  eoloration  with  ferric  selts,  also  yield  ])vrocateehia 
"wlien    submitted   to   similar  treatment.      Protocatechuic  acid, 
CgH3^0U)2.COOll — which   bears  the   same    relation  to  pyro- 
catechin  that  salicylic  acid  does  to  phenol—  when  heated,  »pliti 
up  into  pyrocatechin  and  carbonic  anhydride;  and  generally 
those  compounds  which  yield  protocatechuic  acid  when  fused 
with  potassie  hydrate  give  pyrocatechin  when  submitted  to 
destructive  distillation.    Pvrocatechin  has  also  been  obtained  in 
small  quantity  by  futing  ortbochlorophenol,  ortbiodophenol,  and 
phenolorthoaulphonic  acid  with  potanic  hydrate.     It  is  moat 
readily  prepared  by  passing  gaseous  hydriodic  acid  into  gnaiaool^ 
C^H4(OH)(OCH3),  which  is  heated  in  a  retort  to  195^—100^ 
(3^3'' — 392^  ^•)f  ^         as  methylic  iodide  is  produced ;  the 
pyrocatechin  is  separated  from  the  residue  by  fractional  distillation, 
and  purified  by  crystallization  from  benzene  (Baeyer,  Den/.  cAais. 
Ges,  Ber,,  viii.  153). 

Pyrocatechin  forms  colourless,  shining  laminie,  belonging  to 
the  trimetric  system.  It  melts  at  102^  (215^*6  F.)  (Fittig  and 
Bemsen;  Tiemann,  ibid.f  viii.  510),  but  begins  to  volatilise  at 
a  much  lower  temperature ;  its  boiliiifr  point  is  variously  stated, 
but  appears  to  be  about  245°  (473  V.).  It  is  very  readily 
soluble  in  water  and  in  alcohol,  but  less  so  in  benzene,  the  latter 
solvent  affording  an  excellent  means  of  purifying  it.  It  is 
violcntlv  acted  on  bv  nitric  acid,  beini?  oxidized  to  oxalic  acid. 
Its  solutions  nre  coloured  dark  green  by  ferric  chloride,  the 
cohnir  being  changed  by  alkalies  to  a  deep  red.  On  adding 
j)lunibic  acetate  to  a  solution  of  pyrocatechin,  a  white  precipitate 
of  the  compound  Cy^II^O^Pb  is  produced  ;  by  this  reaction,  and  by 
the  ct)Ioration  with  ferric  ebluridc,  pyrocatechin  is  readily  dis- 
tinguished from  resorcin  and  hydroquinone. 
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At  present  no  ehloro<  or  nitro-derivatives  of  pyrocatechin  are  known,  but  a 
cryntjilline  ti-tr.ibroiiio-derivative,  ('^Br^(Oll)^,  ha?  ho  -n  obtaim-d  by  the  action  of 
bromine  on  pyrocatwhin  and  by  heating  protocateithuic  acid  witli  bromino  lo 
lOo"  (212'*  F.).  Dry  bromine  i»  without  action  on  tetrabruinopyrocatechin, 
bat  on  gently  warming  it  with  broiuibe  and  water  a  componod  of  the  oomposition 
C^H^Br^O  ia  prodnoed,  which  crystallizes  in  dark  crimaoii  coloiured  pUttea 
(Stenboaae,  Joum.   kern.  Soe.,  xxrui,  6). 

(151 1)  Htdboquinonb  or  Quinol;  Paraduueybenzetie : 
C^H^(0H)3. — ^This  compound  ib  usually  prepared  by  tiie  action 
o£  nascent  hydrogen  on  quinonCj  C^H^O.^— by  treating  the 
latter  with  an  aqueous  solution  of  sulphurous  or  bydriodic  acid, 
or  with  tin  and  hydrochloric  acid.  It  is  the  cbief  product  of 
the  destructive  distillation  of  quinic  acid,  and  of  the  diuxybensoic 
acid  termed  gentisic  acid,  oxy salicylic  acid,  or  hydroquinone- 
carboxylic  acid  (Hlasiwetz  and  llabcrmaiin,  Ann.  Chem.  Phann.y 
clxxx.  343;  Demok',  Dt  ut.  cktm.  Gca.  Ber.,  vii.  144 1  ;  llukowsky 
and  Lep[)crt,  ibid.,  viii.  7S8). 

It  may  be  pioduced  from   pnranitroplieiiol  (m.p.  1 14°  C.)  by 

Griess's  method  (Salkowski,  ihid.,  vii.  1008),  and  from  ));iriodo- 

phenol  by  fusion  witli  potassit^  liydrate  (Korner) it  may  also  be 

prepared  from  phenol  in  the  following  mauuer: 

Phenol  is  iii>t  con vcrtctl  into  di  tzojihenol  by  passiing  tiitrooa  vapours  into  a 
well  cooled  ethereal  solution  ;  after  some  time  the  liquid  becomes  filled  with 
needlex  of  diaz^i^ihenol  uitrale,  C,H^(01i).Nj(X0,),  which  are  dissolved  in  a 
aaitable  quantity  of  dilute  sulphoric  acid  (l  vol.  H,S04  to  2  vola.  water),  tho 
aolutioo  mixed  with  alcohol,  and  aufficient  ether  then  added  to  cause  turbidity. 
The  d:u7.t>i)henol  sulphate,  which  after  Kome  time  crystiillizes  firom  the  well 
cooled  tolution,  is  dissolved  in  wnttT,  the  solution  mixed  with  10  to  15  percent,  of 
coiicentiated  8!il,>huric  acid,  and  tlieii  heated  until  the  liquid  aK.sumes  a  dark  red 
OulouT}  the  hydroquiuone  thuti  produced  is  extracted  by  agitating  tUti  ouli 
solution  with  ether  (Weselsky,  <6trf.,  viii.  98  ;  ix.  1059). 

IIy(lro(piinone  forms  transparent  colourless  rhombic  plates 

or  pri>ms,  whicli  melt  at   169°  (336°*2  P.)  (Hlasiwetz,  /vr.  rif.), 

and  sublimes  readily  in  irlistenino:  jdates.     It  i-s  easily  solnblc  in 

hot  water  and  also  in  alcohol  or  ether.     Tt  dissolves  in  an  a(|neous 

solution  of  the  alkaline  sul|)hites,  and  is  readily  eonverted  bv  the 

action  of  ferrie  chloride  and  of  oxidizing  ageuts  generally,  first 

into  the  so-called  quiuhydrone,  and  subsecpicntly  into  qninono, 

^fi^^i^y    Uy droquinone  and  resorcin  both  yield  sulpho-acids 

which  require  investigation. 

(151 2)  Tfofoid  Derivatives  of  Wt/droquinone. — These  cannot  be  obtained 
dire  tly  from  hyilroquinone,  as  ib.e  first  action  of  the  halogen  is  to  remove 
hydroijen  and  conveit  it  info  tintnone:  (',ll.(<)ih,_  +  CI.  (',.H,<),  +2IUM, 
which  by  the  lorther  action  ut  the  h.ilo^^en  ^  ields  haloid  derivatives  uf  quinone. 
In  all  cases  the  haloid  derivatives  of  hydroquinonra  are  obtdned  by  the  action  o£ 
radocing  ageiits  on  the  corresponding  haloid  quinone  derivatives ;  they  are  all 
oulourleM.    MoaoeAlorhydroqnin9ne,  C,I1,C1(0H)^  is  readily  soluble  'n  water 
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ud  yery  ioluble  in  alcohol  or  other,  Dichlorhydroquinone,  C,H,C1,(0H),, 
formR  nacreous  crystals  which  melt  at  164*  (327°'2  F.),  but  begin  to  bublime  at 
120°  (248  F.);  it  Ls  ouly  sparingly  wlublu  in  cold  water,  but  readily  soluble  in 
tloohol  or  ether.  Tricklorhydroquinone,  C,I]C1,(0U),,  crystallizen  in  pUtet, 
which  meli  at  1 34°  (2 7 3'^'2  F.)  and  raUima  readily ;  it  ia  only  moderately  aolvU* 
in  boiling  water.  letrachlorhydroquinone  or  chlorhydiraimlt  C,Cl^(OH),t  it 
inRoliible  in  wator.  Thise  four  chlorinated  derivatives  oH'er  a  very  good  example 
of  the  graduated  cliaiige  in  physical  properties  produced  by  the  successive  dis- 
placement ui'  the  hydrogen  atomo  in  a  compound  by  halogens.  As  the  amount  of 
ohlonna  inoreaaea  the  solubility  and  ▼olatUity  of  the  oomponnd  decitaaee,  until  ia 
tiie  oaae  of  tetraoMorhydfoqwnone,  where  all  the  hydrogen  atoms  directly  nnited 
with  carbon  are  displaced,  the  aubatanoe  becomes  insoluble  in  water,  and  cannot 
be  TOlatilized  without  decomposition  uiider  the  ordinarj"  prft^sure.  Tribrom' 
hy<1roquin<nn\  ^\,H3lirj(0n),^.  and  t('(v(iJ)Viimhy<h(n]ui}wne  or  hromhydrantl, 
C,Br^(OH),,  are  culourleso  crystalline  substances  clofely  resembling  the  corre- 
sponding ehlorinated  derivativea  in  appearanot*  and  properties*  No  iodine  deri- 
vatives are  known.  Strecker  obtained  a  dinitrohydroquinone  togeUier  with  ^nooeib 
by  heating  dinitroarbntin  with  veiy  dilute  solj^nrie  and : 

CuHh(NO^.(OH),  +  OH,  =  C.H,(NO,),(OH),  +  C.H^O,. 
It  cryatallixea  in  golden  yellow  gliatening  platea. 

(1513)  Const Uution  of  the  Dihydroxyl  Derivatives  of  Jh  nznie. — 
Not  only  has  the  coustitution  of  these  compounds  born  the  sub- 
ject of  mnrh  discussion,  but  the  \icws  now  eutertaiued  with 
regard  to  them  are  very  dii)ereut  from  those  formerly  held  by 
cbemists.  Thus,  reaorciu,  which  we  now  regard  as  metadiozy- 
benzene,  was  long  supposed  to  be  a  para-di-derivative  of  benzene, 
owing  to  the  fact  that  a  number  of  compounds  from  which  it 
was  obtained  on  Auion  with  potassic  hydrate,  when  distiUed  with 
potassic  cyanide,  were  converted  into  a  dicyanobensene  capable 
of  yielding  an  undoubted  para-di-derivatiTe — namely,  terephthalic 
acid :  the  occurrence  of  iaomeric  change,  eapecially  in  the  case  of 
compounds  which  theoretically  should  furnish  hydioquinone,  being 
unsuspected.  At  that  time  hydroquinone  was  placed  in  the  ortho- 
and  not,  as  at  present,  in  the  para-series  of  cU-deriTatives,  on  ac- 
count of  its  relation  to  quinone,  which  Graebe  regarded  as  formed 
from  benzene  by  the  displacement  of  two  contiguous  hydrogen 
atoms  by  the  dyad  group  (O— O)'',  although,  as  will  he  shown 
later  on,  the  reasons  for  this  conclusion  were  of  the  most 
artifidal  diaracter. 

As  the  considerations  upon  which  our  views  of  the  constitu- 
tion of  the  di-derivatives  of  benzene,  and  of  the  phenol  (Uriva- 
tivcs,  are  Ixised  have  already  been  discussed  at  length,  it  will 
onlv  be  neeessarv  to  iKjiut  out  that  the  constitution  of  hvdro- 
quinone  is  established  by  its  formation  from  paninitrophenol  and 
from  parioduplienol,  and  especiiilly  by  its  relation  to  quinone 
(q.v.)  j  the  cuustitutiou  of  p^rocatechin  being  determined  by  its 
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formation  from  ortljocliloroplicnol  (from  ortlionitroplienol)  and 
orthiodopheuol  on  fusion  with  potassic  hydrate.  Ilydroquiuone 
being  para-,  and  pyrocatcchin  orthodioxybenzonc,  it  follows  that 
resorcin  is  metadioxybenzeue ;  but  the  superior  stability  of 
resorcioy  as  compared  ivith  its  isomerides^  alone  almost  juatifies 
our  placing  it  iu  the  meta-series,  the  meta-di-dehvativea  of  ben- 
lenej  to  judge  from  all  recent  investigations,  being  as  a  class  of 
much  greater  stability  than  the  ortho-  or  para-derivatives. 

(1514)  DiHTOROXYL  DERIVATITBS  OP  ToLUBNB  :  CyHj^OH)^^ 

124. — Onr  knowledge  of  these  compounds  is  extremely  limited, 
only  two  having  been  investigated — ^namely,  saligenin, 
CgH^(0H).CH8(0H),  and  orcin,  CH,.C.Hg(OH), ;  a  number  of  iao- 
merides  of  ordn  have  been  obtained,  but  only  imperfectly  deHcribed. 

(1515)  Saugbnin  or  SaUgenol:  C^H^(OH).CHj(OH) ;  Or- 
ihomethoxyphenol :  (OH  :  CH2.0Hsi:2). — ^This  compound  par- 
takes both  of  the  diaracter  of  a  phenol  and  of  a  primary  alcohol, 
and  is  formed  by  the  action  of  nascent  hydrogen  on  salicylic  or  orth- 
oxyl)i'iizuit'  al(l(  liyile,  (',.11  ^(Oil ).('()1I,  on  treating  the  latter  with 
sodium  amalgam  in  presence  of  water.  It  is,  however,  most  con- 
veniently prepared  from  sali(  in,C,.5H,^0-,  the  glucoeide  ot  saligenin, 
by  decomposing  it  v>  'ith  emulsin  orsynaptase,  or  by  boiling  it  with 
dilute  acid,  as  recommended  by  Piria,  the  reaction  which  takes 
place  being  represented  by  the  equation : 

Ci,H„0,  +  OH,  =  C,H,0,  +  C,H„Or 

Sftlidik  SdifSBin.  OIocom. 

The  saligenin  is  extracted  from  the  aqueous  solution  by  agitating 
it  witb  ether,  and  separates  on  evaporating  the  ethereal  solution.  It 
crystallices  in  colourless  rhombic  plates  which  melt  at  82^  ( 1 79^  F.), 
and  sublimes  at  100°  (212°  F.).  It  is  excessively  soluble  in 
boiling  water,  and  in  alcohol  or  ether;  it  also  dissolves  easily  in 
bot  bensene.  One  of  its  most  characteristic  reactions  is  the 
bright  indigo-blue  coloration  which  its  aqueous  solution  gives 
with  ferric  salts.  It  is  easily  reconverted  into  salicylic  aldehyde 
by  the  action  of  most  oxidizing  agents,  such  as  chroniir-  acid, 
argentic  oxide,  kc,  although  when  oxidized  In-  a  mixture  of  man- 
ganic peroxide  and  sulplmric  acid,  it  gives  nothing  but  formic  acid 
and  carbonic  anhydride  without  a  trace  of  the  aldehyde. 

A  vionfjrfilorosaiu/i'nin,  C-II-CI(OII)^,  and  a  dichlurosaliyenin, 
C-H^CK(()I1  have  been  o))tained  from  the  corresponding  chloro- 
saliciuB  by  the  action  of  emukiu.  They  are  both  colourless  crys- 
talline substances. 

(1516)  Orcin  or  Orcinol ;  (?)  Mi  thylresorcinot :  CH  ,.C,H^(OIi)j|. 
— Orcin  was  discovered  in  the  Varioiaria  deaidata  by  Kobiquet  in 
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1829,  who  obtained  it  by  treating  tlic  lichen  with  alcohol^  evaporat- 
ing,  and  exhausting  the  residue  with  wate  r ;  the  aqueous  solution, 
▼hen  concentrated  and  allowed  to  stand,  deposited  the  orcin  in  a 
crystalline  state.  Although  small  quantities  of  this  compound  ap- 
pear to  exist  in  various  lichens,  it  is  iuTariably  obtained  by  decom- 
posing erythrin  or  lecanorin  by  boiling  it  with  calcic  hydrate 
and  water.  When  erythrin  is  thus  treated,  the  first  action  which 
takes  place  is  undoubtedly  that  represented  by  the  equation : 

tlrjtbria.  Picroer}  thrin.         OrM-llinic  add. 

the  erythrin  being  deeomposecl  and  converted  into  ])irroen'thrin 
and  orscUinic  acid.  The  orsellinic  acid,  CH3.C,n,(OH),.cbOH, 
whieli  bears  tlie  same  relation  to  orcin  that  salicylic  acid, 
CjH  j(011).COOII,  does  to  phenol,  then  loses  the  elements  of 
carbonic  anhydride  by  the  further  action  of  the  lime,  and  yields 
orcin,  thus: 

C4H,(CHJ(0Il)j.C00II  =  C,H3(CH3)(OH),  +  CO^. 

Orsplliiiic  acid.  Orcin. 

Picroerythrin,  a  body  whieh  may  be  rr^^arded  as  an  acid  ethereal 
salt  of  the  tctrahydric  alcohol  erythrite,  and  as  haying  the  com- 
position C,lI,(CIIJ(01i)2.C00(C,H^0,),  is  also  readily  decora- 
posed  by  the  hydrates  of  the  alkalies  and  alkaline  earths  into 
erythrite  and  orsellinic  acid ;  but  the  latter  at  the  iustant  of  its 
liberation  is  resolved  into  orcin  and  carbonic  anhydride : 

^12^1^7  +  BalljOa  =  CyHgOj  +  C,H,^,0^  +  BaCO^. 

Picroerythrin.  OrdB.  Brrthrite. 

Lccanoriu,  Cj^,H,,0,,  which  is  apparentiy  the  anliydridc  of 
orscllinie  acid,  is  also  resolved  into  <jrein  and  carbonic  anhydride 
under  tlie  inllnencc  of  alkalies  ;  or>cllinic  acitl,  or  rathi  r  a  nietiillic 
orsciiiuate,  b(  iri<^  formed  as  an  intermediate  stage  of  the  reactiun  : 


Leeuorin.  OnaOlolo  Mid. 

Orcin  has  also  been  found  by  Hlasiwetz  (Am,  Chem.  Pharm., 
cxxxiv.  287),  together  with  paroxy benzoic  acid,  amongst  the  ])ro- 
ducts  of  the  action  of  fused  potassic  hydrate  on  aloes. 

In  order  to  prepare  orcin,  the  freshly  precipitated  moist  lecanorin  or  erythrin 
is  boiled  with  water  and  exoeu  of  lime  for  abont  half  an  boar,  taking  care  to 
avoid  across  of  nir  as  far  as  possible,  which  otherwise  would  eante  the  fonnatioa 
of  a  red  culoured  rcfiiious  matter.     The  sohition  is  filto^t  tho  exoess  of  limo 

remnvc  l  I  v  a  8tn*am  of  cirbonic  aiihyilrlilf  (or  move  conveniently  on  a  larpi 
scaie  by  exactly  neutralizing  with  dilute  sulphuric  acid),  again  dlten-d,  aud 
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evaporated  io  drpum  m  ft  water  bath.  TIm  Ofoin  mtj  MadOj  be  eiiraeted 
firmn  thia  produot  by  exbansting  it  wiHi  a  mizhure  of  ooal-tar  hydrocarbou^ 

boiling  at  alMiut  no®  (230"  F.),  which  dissolves  the  orcin,  but  leavet  tbe 
various  dark-eolnured  impurities,  and  al»o  the  t  rvtliritc  (the  hitter,  however,  is 
only  present  when  erythrin  has  been  used  as  the  suurci'  of  the  orcin)  ;  if  the 
hot  t>uiution  i»  agitated  with  water,  the  orcin  ib  removed,  and  .the  hydrocarbon 
can  be  at  onee  ponred  baeik  on  to  the  reatdue.  Tbe  aqneooa  eolntbna  wbea 
saffiaenily  oonoantrated  yield  nearly  pure  orcin  in  a  erjatalline  state.  Tbe 
brown  coloured  residue,  after  lcits<;  exhuustiKl  by  the  bydfoearbon,  veadily  yielda 
erythrite  by  erystaliization  from  boilinif  water.  It  is  ensier.  however,  when  very 
lari,'e  quantities  of  substance  are  operated  upon,  to  dissolve  out  tiie  orcin  by 
treating  the  solid  product  with  alcohol,  and  subsc^uoully  to  purify  it  by  repeated 
crystalltaationa  from  hot  water. 

As  thm  obtained  it  forms  hexagonal  monoclinic  prisms^ 
coiitaiiiing  a  molecule  of  uater  of  crystallization^  and  having 
iiierefore  the  composition  C\ II ^0,4- OH,;  when  pure  it  is  colour- 
leas,  bat  oo  ezpoeiure  to  the  air  it  soon  becomes  of  a  pale  reddish- 
brown  ooloar.  These  crystals  lose  at  58°  (i36**'4  P>)  with  loss  of 
water;  whilst  anhydrous  orcin  melts  at  86  (i 86*^*8  F.).  At  a 
higher  temperatoie  orcin  distils,  the  first  portions  of  the  distillate 
containing  some  water,  whilst  subsequently  anhydrous  ordn 
passes  over  at  290''  (554^  F-) ;  this  operation  a  slight  decompo- 
sition takes  place  if  conducted  at  the  ordinary  atmospheric  pres- 
sure,  but  under  diminished  pressure  it  distils  as  a  colourless  oil, 
which  solidifies  on  cooling.  In  foct,  distillation  in  vacuo  forms 
by  far  the  best  method  of  obtaining  pure  and  colourless  orcm. 

Orcin  is  exceedingly  soluble  in  alcohol,  ether,  or  boiling 
water,  but  much  less  soluble  iu  cold  water.  It  is  onlv  mode- 
rately  soluble  in  boiling  beuzcnc.  It  has  a  very  sweet,  but 
somewhat  astringent  taste.  It  has  marked  arid  projjcrties,  fused 
orcin  decomposing  sodir  carbonate  with  evolution  of  carbonic 
auhvdridc.  Like  its  lower  lioniologues  it  readily  enters  into  re- 
action  with  acid  chlorides,  forming  compounds  such  as  the  ace- 
tate CH3.r,TI/O.C3Hp)2.  Oxidizing  agents  readily  attack  it 
with  formation  of  oxalic  acid  ;  and  like  pluMiol,  when  heated 
with  concentrated  sul[)hurie  acid  it  gives  rise  to  a  suli)honic  acid. 
The  two  most  remarkable  and  characteristic  reactions  of  orcin, 
however,  are  those  which  take  place  wlicn  it  is  treated  with 
hypochlorites,  and  with  ammonia.  Hy[)ochlorites  give  an  intense, 
but  transient  purple  red  colour  with  the  most  minute  trace  of 
orcin  or  any  of  those  lichen  acids  Avhich  yield  it ;  Stcnhouse 
{Jomm,  Chem.  Soc,  xx.  221)  has  founded  on  this  a  volumetric 
process  for  the  determination  of  the  value  of  "  orchella  weed/' 
When  a  solution  containing  orcin  and  ammonia  is  exposed  to 
the  air,  it  npidly  acquires  a  deep  purple  colour,  that     the  ao- 
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called  orchil  or  urchil  so  largely  used  for  blooming  indigo  dyed 
goods.  When  potassic  or  sodic  carbonate  is  present  as  well  as 
ammonia,  a  blue  colouring  matter  is  formed,  identical  with  that 
contained  in  litmus. 

(151 7)  Constitution  of  Orcm. — ^Vogt  and  Henniiiger  {Arm, 
Chim.  Phys.  [4],  xxvii.  129),  by  treating  with  sulphuric  acid  the 
(o— i)chlorotolueiic  pifparcd  by  the  action  of  chlorine  on  toluene 
in  presence  of  iodine,  obtained  a  mixture  of  two  elilorotohu  iu- 
sulphonic  acids,  Cri.,.C(.II^Cl.JS(),lI,  which  were  separated  by  taking 
advantage  of  the  diflcrenee  in  the  solul)ili(y  of  their  baric  salts. 
By  fusing  the  potassic  salt  of  tlic  a-acid  witli  about  twice  its 
w  t  i^ht  of  j)()tassic  hydrate,  dissolving  the  fused  tnass  in  water,  aiul 
extracting  tlu?  acidilied  solution  with  ether  in  the  usual  way,  an 
ethert-al  solution  was  o1)taincd,  which  furnished  a  brown  syrup  on 
evaporation  of  the  ether;  by  distilling  this  syrup  in  vacuo,  and 
crystalliziug  the  distillate  from  water,  crystals  were  obtained  of 
the  composition  0^11^,0^ -f  OIL,  having  all  the  properties  of  the 
orciu  prepared  from  lichens.  The  melting  point  of  the  synthetie 
product  was  found  to  be  57°*i  (i34°'8  F.),  and  there  appears  to 
be  but  little  doubt  as  to  its  identity  with  the  natural  product. 

Now  the  chlorotolueue  employed  by  Vogt  and  Henninger  wm 
undoubtedly  a  mixture  of  the  ortho-  and  para-compound,  bat  from 
their  description  of  the  salts  of  their  a-acid,  it  is  evident  that  the 
latter  is  identical  with  the  or/Aochlorotoluenesulphonic  acid  of 
Hilbner  and  Majert  (Deut,  chem,  Ge»,  Bar,,  vL  790) ;  the  oonsti- 
tution  of  this  acid  has  not  been  directly  ascertained,  bat  the  io- 
restigations  carried  on  under  Hubner's  direction  (Ann,  Chem, 
Pharm.,  clxix.  1}  have  shown  that  orthobromotolnene,the  behaTionr 
of  which  it  can  scarcely  be  doubted  is  strictly  comparable  with 
that  of  orthochlorotoluene,  furnishes  only  a  single  sulpho-acid, 
and  that  the  sulpho-group  in  this  acid  is  in  the  meta-positioii 
relatively  to  the  methyl  group  of  toluene.  Only  two  formule  ar^ 
therefore,  possible  for  orthochlorotolucucsulphouie  acid — namely : 

CH,  CH, 

Cl  /\ 


so,u 


As  the  behaviour  of  tlie  mono-derivatives  of  toluene  is  frrqucntly 
analogous  to  that  of  the  corresponding  dc  rivatives  of  beuzi^ne,  the 
first  of  these  formulfe  is  the  more  probable,  since  chlorobeuzene 
is  converted  into  parachlorobenaenesulphonic  add  on  treatment 
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with  sulphuric  acid.  From  this  it  might  appear  as  if  the  hydroxyl 
groups  in  orcin  occupied  the  same  relative  positions  as  in 
hydroqninone,  CH^  :  OH  :  OH  =  i : a  15;  but  since  the  reactions 
and  properties  of  orcin  and  rcsorcin  so  very  closely  resemble  one 
another j  it  is  highly  probable  that,  as  in  the  formation  of 
Foaorcin  firom  paraclilorobenzenesulphonic  acid,  an  isomeric 
change  takes  place  during  the  fusion  with  potassic  hydrate^  and 
that  the  ordn  produced  in  the  reaction  is  really  methylmeta- 
diozyhenaene,  CH, :  OH :  OH  :  1 : 2 : 4. 

(15  18)  JIaloid  and  Niiro-Jcrivutivcs  uf  (h-rin. — When  chlorine  is  passed 
into  an  aqueous  solution  of  orcin,  or  when  dry  orcin  is  treated  with  the  gas, 
dark  brown  ret>inous  proJucb  are  produced,  from  which  no  well-detlued  cry  stalline 
product  hat  been  obtained.  When,  however,  an  aqueous  solution  of  ordn  is 
added  to  the  so-called  'chlorine  hydrate/  or  to  a  mixture  of  hydrochloric  acid 
vith  potassic  chlorate,  care  being  taken  to  keep  the  chlorinating  agent  in  excesK, 
a  colourlesK  crystalline  product  is  obtained,  which  may  be  readily  purified  by 
crj'stallization  from  carbonic  bisulphide.  It  melts  at  i2o'''5  (248°"9  F.),  and 
has  the  composition  of  penlachlorofcin^  C,H,Cl^O,.  From  Liebermann  and 
Dittler's  investigation  of  the  eo-eslled  pentabromoresorein  (p.  523),  it  is  highly 
probable,  however,  that  this  substance  is  not  merely  a  chlorine  sabettto- 
tion  derivative  of  orcin,  C,IICl^(01I)j,  but  a  chlorine  additive  compound, 
CyUjOljO  .Cl^,  partiiking  of  the  nature  of  a  quinone.  It  is  a  curious  circumstance 
that  the  compound  C^H^Cl^O,  Ih  capable  of  uniting  directly  with  a  molecule  of 
hypochlorouB  acid  when  it  is  treated  with  a  solution  of  an  hypochlorite  to  which 
hydrodiUvic  add  hss  been  added.  The  compound,  CyH,Cl,0,.HClO,  is  also 
obtained  when  orcin  dissolved  in  hydrochloric  acid  is  added  to  a  solution  of 
bh'achinj;  powder.  When  *'  peiitachlororcin"  is  treated  with  a  reducing  agt*iit, 
such  as  hydriodic  acid,  two  of  the  clilorine  atoms  are  displaced  by  hydro^^en,  and 
trichlororcin,  0.11^01^,(011)^,  is  produced.  It  forms  culourless  needles,  which 
melt 'at  i^i^  (2*53^-4  F.). 

** Fmiiiahromtircin^*  C,ll,6r,0,,  is  readily  formed  on  adding  an  aqueous 
solution  of  orcin,  with  constant  agitation,  to  a  mixture  of  bromine  and  water. 
It  crystallizes  in  large  colourless  prisms,  which  melt  at  126°  (258°  8  F.)  : 
treatment  wiiii  dilute  h}driodic  acid  converts  it  into  tribromovcin, 
(Lamparter,  ibid.^  cxxxiv.  257;  SStenhouse,  Pruc.  Moif.  Soc,  xx.  72).  A 
monobromm^f  C,H,Br(OIi),,  was  obtained  by  Lamparter,  on  mixing  solutions 
containing  molecalar  weights  of  bromine  and  orcin  and  evaporating,  A  triodordn, 
CyHgI,(OH)^,  crystalHstng  from  carbonic  bisulphide  in  large  transparent  plates, 
is  produced  when  an  aqueous  solution  of  orcin  is  pr^eipif att  d  with  a  solution 
of  iodine  monochloride ;  and  a  moniodorcln,  CjHjl(UH)j,,  has  been  obtained  by 
treating  an  ethereal  solution  of  orcin  and  iodine  with  finely  powdered  lead  oxide 
(Stenhonae,  t^W.,  xxii.  53). 

Ifiiro- derivatives  of  According  to  Weselsky  {Deut.  chem.  Gcs.  Btr., 

▼ii.  439)>  when  an  ethereal  solution  of  orcin  is  treated  with  a  solution  of  nitrous 
in  nitric  acid,  two  isomeric  mononitroorcins,  C^lI^(NOj)(^()lI)j,  are  produced, 
together  with  other  compounds,  and  are  obtained  on  vvaporatiog  the  clear 
ethereal  solution.  The  a-nitrwrdn  being  volstiia  in  the  vapour  of  water,  js 
readily  separated.  It  cryetallises  in  long  or&nge<red  needlea,  which  melt  at 
120°  (248^  F.),  and  are  easily  soluble  in  alcohol  or  ether,  but  only  sparingly  in 
cold  water.  The  ^-nitroorcin  obtained  from  the  tarry  residue  by  boiling  it  with 
water,  forms  ahoct  lemon-yellow  needles,  which  melt  at  115^  (^39°  ^')»  on 
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addingbromine  to  ito  ethereal  wo\xi^imtdiirvmO'^UrooreiH,  C  J{,Br^(NO.)(OH),, 
is*  obtained  in  dark  yellow  plates  melting  at  112°  (233'*  6  F.).  Triniiroorcin, 
C,Hg(NO^,(OlI),.  is  prepared  from  orcin  by  di.ssolvin^'  it  in  a  small  quantity  of 
warm  water,  and  addin«;  the  solution  gradually  to  fuming  nitric  ueid  which  has 
been  cooled  to  —  iC°  (5**  F.)  by  a  fn-ezing  mixture.  The  pale  brown  bolutioa 
thus  obtained  is  tlien  slowly  added  to  about  twice  its  bulk  of  concentrated  bqI- 
phnrio  aeid  also  cooled  to  the  tame  teroperatare ;  after  about  twenty  minatea 
the  I  t  Miliii  :;  Y^Ay  mass  is  poured  into  a  mixtare  of  crushed  ice  and  water,  and 
the  bright  yt^Uow  jirt'cipitati',  aftor  being  was^hed  Jind  dried,  is  recry>tall;zed  from 
boiling  water.  It  lorniK  large  yellow  needles,  soluble  in  alcohol,  ether,  and 
benzene,  which  fuse  at  162**  (323'''6  F.),  and  at  a  ulijflitly  higher  temperature 
deeompooe  with  a  feeble  ezploaion ;  although  it  reaemblca  triuitrophenol  in  dyeing 
the  akin  yellow,  it  has  not  the  slighteat  bitter  taste  (Stenhoose,  Proe.  Soc,, 
xix.  410).  The  nitroorcias  furnish  a  number  of  crystalline  orang(^  yellow  or  red 
metallic  di'rivatives,  such  as  potassium  trinitroorcin.  rH_.C\(NO.)j((  )K)j. 

(15 19)  Jtaniicridt  s  of  Orrin. — A  crystalline  com]  ouiiii  apparently  isomeric 
with  orcin  ha-s  been  obtained  by  Senhofer  {Ann.  Clicm.  J'/nn  m.,  clxiv.  131)  by 
Awing  the  potaaaicaaltof  the  tolnenedii^ulpiionicadd  prepared  by  heating  toltwue 
with  anlphoric  acid  and  phoaphoric  anhydride  to  230**  (446"  F.)  for  (bar  or  five 
hours  with  an  » \  ess  of  jxitassic  h^'drate*  &c.  It  crystallizes  in  fine  needles 
containing  a  mdlecule  of  water  ;  the  anhydrous  subptance  melts  at  87^  ( 1 88°'6  P.). 
and  boils  at  about  260°  (500°  F.)  ;  it  gives  a  brownish-green  colour  with  ferric 
salts,  and  when  exposed  to  the  air  in  contact  with  ammonia  Ibrms  a  brownish 
eolation  different  from  the  intense  Tioletrred  so  eharacteriatto  of  orcin. 

l  lahansson  {Deui.  chem.  Get,  Ser.,  1 084),  by  heating  toluenemonoaol* 
phonic  acid  (?  the  crude  acid  from  toluene  and  sulphuric  acid)  with  fuming  sa]« 
plmricacid  at  160*  (320**  F.),  found  that  twodisulphonic  acidswore  pr(tdueed,both 
of  which  were  distinct  from  that  obtained  by  Senhofer.  The  pot<>ssic  salt  of  the 
a*acid — that  formed  in  largest  quantity  by  this  process — when  fused  with  |>otas8ic 
hydrate  yields,  besides  salicylic  acid,  a  crystalline  snbstanoe,  C^H^O,,  isomeric 
with  ordinary  orcin,  and  with  Senbofer's  isoorcin.  Like  the  latter,  it  forms 
needles  containing  water  of  crystallization,  which  melt  at  about  95°  ;  the  anhy- 
drous  substance  melts  at  87° — 8S"  ( j  SS'^  r)— i  90^-4  F.).  and  boils  at  about 
270'  (518"  F.).  Its  mo.-t  characteristic  reactions  are,  that  it  gives  a  yellow 
eoloor  with  calcium  hypochlorite,  and  in  contact  with  «r  and  ammonia,  a  Una 
ooloor,  which  is  changed  to  red  on  the  addition  of  acetic  acid. 

JTomopyrocatechin.  or  Meih$katerhol :  CIT,  C,1I,(()H),.— Hugo  Miiller 
(Zf  if.y.  C/iem.,  1864,  703  ;  CJicm.  .Tcif.v,  x.  260).  by  submitting  that  portion 
of  Knglisli  wood  crea>ote  which  boils  at  219°  {426°'2  F.)  t'<  tho  a'"t;on  of 
hydriodic  ucid,  obUiiued  methyiic  iodide  and  a  syrupy  uncrystallizable  liquid, 
•oluble  in  water  and  o^bleof  being  distilled  without  deoompoaitioa.  The  aaoM 
8ubstan<>e  has  since  been  separated  by  Gornp-Beaanes  {2Seit*,  CAgnt.,  i8d8, 393) 
from  Rhenish  beech  tar,  and  also  by  Marasse  {Ann.  Chem.  Pharm.,  clii.  75), 
along  with  phlorol.  cresol,  and  pyrocatechin,  by  acting  with  hydriodic  acid  on  the 
fraction  (»f  beech  wood  creasote,  which  boils  betweeri  217"  and  221"  (422^"'^ 
and  428°  F.),  This  body,  to  which  the  name  houiopyrocatechin  hu^  been  given, 
la  formed  from  the  ereoaol— the  homologue  of  guaiaool — present  in  thca«  aab- 
etanoea,  in  the  following  manner : 

CH,.C,H,(OH)(OCig  +  HI  =  CH,.C,H,(OH),  +  CH.l 

GrMMoI.  Methytnitocliol.  lodmaetbaiM. 

Homopyrowitcchin  bus  not  yet  been  carefully  examined,  and  as  the  material  from 
which  it  was  prepared  does  not  appear  to  have  been  pure  creosol,  it  is  doubtful 
whether  the  snbstance  itralf  baa  ever  been  obtained  in  the  pure  state. 
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2bJyiy<fro9i(tiM»ii«.<— Although  neither  toluquinone,  C,H,(Cir,)0^,  nor  tola- 
hydroquii)oiie,  C^Hj(CH,)(()H).,,  is  linown,  a  trichlurinated  derivative  of  the 
latter  is  obtained  from  trichlortolu()uinone  by  the  action  of  an  aqneons  solution 
of  8ulphuruus  acid.  Tric/tlorofofii/itjdiriqulnone  or  trirhloi'oincthi/lquinol, 
C,Cl,(CHJ(OH)j,  forma  colourless  needles  which  melt  at  212"  (4I3°"6  F.^.aud 
are  sparingly  solohle  in  water,  bat  nadily  ia  almhfiL  It  awjr  ha  aabltned 
wiUumt  dMonpoMtioii. 

(1520)  Alcohols  of  thb  CoupounoN  CgH,^(OH)j=  138— Xjlaneglyool 
and  two  compounds  of  the  ofoinol  daaa  act  the  onlj  alcohols  of  thia  oompoattba 
which  have  been  obtained. 

X^leneyit/col  or  Faradimethoxyhenzene :  CjH^(CH,.HO)j. — Tliis  compound, 
which  bears  the  aaine  relation  to  beniylio  aleohol,  ('Jl\.CH,(()H),  that  glycol 
does  to  ethylio  alediol,  ia  prepared  bj  heating  dichloro>  or  dibromoparaijlene 
(p.  321)  with  thirty  times  its  weight  itf  water  at  180**  (356°  F.),  and  after  con- 
centrating and  neutralizing^  the  aqueous  solution, extracting  the  glycol  with  ether: 
C\H,(CHp)^+ 20li.^-C,H,(CH..0}{)^^  2HCI.  It  crystallizes  in  -listening 
needleH,  readily  soluble  in  water,  alcohol,  and  ether;  it  melts  at  113  (•235°'4 
On  ondatioo,  it  ia  eonverted  into  terephthalio  add  (Chrinanz,  Oimpt  Bend,, 
Ixx.  1363). 

Hydrophlorone  ;  (?)  Dmethylquinol :  (CH  .)  .C,IT_.(OII)j.— This  compound 
is  produced  when  phlorone  or  dimetiiylqninone,  C^ll^O^— a  tfub.-*tance  obtained  by 
the  action  of  sulphuric  acid  and  man^Mnic  jm  luxidr'  on  the  jwrtion  ol  the  coal- 
tar  phenols  boiling  at  190" — 220°  (374 — 428  F.) — is  suspended  in  water,  and 
a  current  of  aulphnrona  anhydride  paaaed  into  the  liquid  until  the  ciystals  have 
become  colourless.  It  crystallizes  from  Ixnling  w^ater,  in  which  it  is  rather 
soluble,  in  colourless  glistening  plates,  readily  soluble  in  alcohol  or  ether.  When 
phlorone  is  heated  with  concentrated  hydrochloric  acid,  it  dissolves,  and  chlor- 
hydropkloronet  €,11,01(011),,  separates  on  cooling  in  the  crystalline  state. 
When  pore  it  forma  colourless  silky  needles  easily  soluble  in  ether,  alcohol,  or 
hot  water  (Bad,  Asm.  Chem,  Pkarm.,  di.  164). 

BUaorcin:  (P)  (CH,),C,H,(OH,). — This  homologue  of  orcin,  which  haa 
bpen  very  little  investigated,  was  fii-st  obtained  by  Stenhouse  {Ann.  Chcm. 
Pharm.,  Ixviii.  104)  by  submitting  cladonic  acid  from  i'ludon'ni  ran(jifvri)ia 
to  destructive  distillation.  It  has  since  been  prepared  by  the  action  of  boiling 
alkaline  aolatiooa  on  ^-erythrin,  a  aubstanes  hom^cgooa  with  ordinary  erythrin 
obtained  from  a  peculiar  varied  of  Soeeellajke^rmi*  (Menschutkin,  B»U  8oe, 
Ckem,  £2],  ii.  424  ;  Laniparter,  Ann.  Chem.  Pharm.,  cxxxiv.  243). 

It  crystallizes  in  brilliant  prisms  belonging  to  the  dimetric  system,  which 
melt  at  lor/  (228^*2  F.),  and  are  less  soluble  in  cold  water  than  orcin;  it  is 
easily  suluble  in  alcuhol  and  ether.  VV^hen  treiitei  with  nitric  and  sulphuric 
aods,  as  in  the  preparation  of  trinitroorcin,  betaordn  yields  a  nitro-derivative. 
With  ammonia  it  gives  a  splendid  red  colour  when  exposed  to  the  air,  and  with 
calde  hypochlorite  a  Uood-ied,  very  diflerent  from  the  purple  obtained  with 

■ 

orcin. 

(152 1)  TiiYMOHYDBOQUi.voNK  or  Methi/I propylquiuol ;  thi/moilol: 
^lo^iA  or  C,H,(CH,)(C,H,)(OH),.— Thymoquinone,  a  substance  obUineU  firom 
thymolsulphonie  acid  by  distilling  it  with  manganic  perozide  and  dilute  sulphurio 
acid,  when  treated  with  re  lu.ing  agenta  is  converted  into  the  corresponding 
hydroquinone.  It  forms  colourless  prisms,  which  fuse  at  145°  (293°  F.)  and 
distil  without  decomposition  at  290"  (554'  P.).  It  is  only  sparingly  soluble  in 
water,  but  readily  in  alcohol  and  in  ether.  Oxidizing  agents  reconvert  it  into 
thymoquinone  ( Lallemand,  .^im.  Ckem.  PAam.,  cii.  119;  Carstanjen,  Jownu 
jw,  Glem.  [2],  iii.  53). 
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§  YIII.  DiHYDRic  Alcohols  of  Sbjiiss  hiobea  than  tbx 

C„Hft,_9  (OH),  SBRIBi. 

Very  few  dihydroxyl  derivatives  of  hydrocarbons  containing 
relatively  less  hydrogen  than  tliosc  of  the  benzene  series  are 
known,  and  even  those  which  have  been  obtained  are  at  present 
of  very  little  importance. 

(1522)  Hypronaphthaquinone  or  Najihi/taquinol :  Cj,H,0,  or 
Cj^H,(Oii),. — ^is  eompoand,  which  it  analogous  iu  ita  properties  to  hydro- 
qninonc  or  qninol,  is  prepared  by  the  action  of  redaMOg  agents  such  .-is  hydriodio 
acid  or  stannous  chloride  on  naphthaquinone.  It  crystiillizes  in  colourless 
n.'t'Ufs,  which  melt  at  i76°(34S''-8  F.)  ;  it  is  comparatively  Holuble  in  boiling 
water,  but  crystallizes  out  almost  eut  rely  on  cooling;  it  is  readily  soluble  in 
alcohol  or  ether  j  oxidizing  agents  reconvert  it  into  the  qainoue  (Grove*,  Jomm, 
Ckem,  Soe.,  sxvi.  209).  Haloid  derivativea  of  uaphthaqninol  are  not  known, 
but  they  would  andoubtedly  be  obtained  by  proper  treatinakt  fjrom  the  ehloro- 
naphth.iquinones. 

(1523)  DiUYPRic  Alcohols  debtvkd  fbou  the  TTydrocarbohs  OF 
THE  DiFiiEN  YL  Skkikh. — The  following  are  couipri«ed  in  this  series : 

:  : : }  "ow^.oh  ...  { 

Hydrobenzoin  .  .  .  (?)  C,H,.CH(OH).CH(OH).C.H,  ...  134 
Liohydiobenzoin   .   .  (?)C,H,.C(OIT)  CTT  .C\H,  ...  120 

Dahjmol  ....  C.H.(CHJ(CA).OH 

C,H^CHJ(C.H,).OH 

(1524)  DiriiKNoi.s  :  C',JI,(()]1),,. — Pdradiphrnol  is  formed  from  iliji.ir- 
ainidodi phenyl  or  beuzidine  by  (Jrietis's  method,  and  by  fusing  the  sodium  salt  uf 
phenulparaaulphonki  acid  (p.  478)  witii  aodie  hydrate,  Ac  (Lindce,  Jbiiri.  fr. 
Cft«m,  [a],  viii.  43).    It  eryatallisee  in  fine  needles,  or  small  rhombic  prisms^ 

which  melt  at  I57*(3I4'*"6  F.) ;  it  is  difficultly  soluble  even  in  boiling  water, 

but  readily  dissolves  in  alcohol  or  ether,  and  in  solutions  of  the  alkalies.  It  is 
not  reduced  when  pa.s.sed  over  heated  zinc  dust ;  it  forms  substitution  deriva- 
tive.s  when  submitted  to  the  action  of  bromine,  nitric  acid,  or  sulphuric  acid 
(Lincke). 

Barth  (Ann,  Chem,  Pharm,,  elvL  98)  has  obtained  an  isomerie  body, 
together  with  oxyb  -nziur  and  salicylic  acids,  by  foaing  phenol  with  an  exct^s  of 
pntassic  hydr  ilf  until  the  mass  assumed  the  consistence  of  a  thick  syrup,  the 
amount  fbriued  being  ecjual  to  12  — 15  per  cent,  of  the  phenol  employed.  It 
appears  to  crystallize  with  dithculty,  and  does  not  furnish  well  characterized 
snbiititntion  derivatives ;  its  aqueoua  solotion  ia  coloared  violet  by  finntie  aalta. 
I>y  heating  its  potiissiura  derivative  with  methylic  iodide  it  ia  converted  into 
the  diuni.sol  Cj,Hg(<)CHJ,,  which  forms  octahedral  crystals,  melting  at  146° 
(294°'8  F.).  Judging  from  its  properties,  and  as  it  is  the  tendency  ot  phenol 
to  form  ortho-  or  para-derivatives,  it  is  probable  tliat  the  compound  obtained 
by  Barth  is  the  ortho-modification  of  diphenol. 

According  to  Goldstein  (DeuL  ekem»  Oe».  Ber,,  vii.  734)>  orthonitrophcikol 
is  converted  into  a  dinitrodiphenol  on  oxidation  with  potaaiio  permanganate;  it 
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«ublimps  at  150"  (302**  P.),  without  fusin;^,  in  yellovr  needles,  and  dissolves 
reudilj-  in  alk;iiies,  fonning  blood-red  ooloured  Bolntioiu.  It  ia  probably  & 
derivative  of  puradiplienoL 

(15-25)  IlYDBOBBNZonr  and  Isohydbobbnzois  :  C^^I  1^,(011) — These  oomo 
poaads  «r«  both  formed  hy  the  aotioa  of  nMcent  hydrogen  on  benzote  aldehyde : 
•C,H /)  ^  TI.  =  C„H„0,-  When  an  alcoholic  solution  of  the  aldehvde  \a  treated 
with  zinc  and  hydrochloric  acid,  hydrobenzoin  is  the  principal  product,  whilst  by 
the  action  of  sodium  amal;:am  on  a  solution  of  the  aldehyde  in  aqueous  ether 
chietly  i.^ohydrobenzoin  is  formed,  but  the  yield  in  unsatisfactory  in  both  cases. 
Hydrobenzoin  alone  in  obtained  by  the  action  of  nascent  hydrogen  on  benzoin ; 
in  hct,  the  best  method  of  preparing  it  is  to  suspend  this  oomponnd  in  cold 
aqaeous  alcohol,  and  to  add  sodium  amal;^m.  Benzil  also  famishes  only 
hydrobenzoin  when  sodium  amal<;ani  ia  added  to  its  warm  aqaeouR  solution. 
Stilbfne  bromide,  <^ijl,  1>".„  wlion  hfuU-J  for  some  hours  to  about  the  boilinj^ 
point  of  acetic  acid  with  an  equal  weight  of  ar<jcntir  aceUite  and  a  small 
quantity  of  glacial  acetic  acid  is  converted  into  a  mixture  of  two  diacetates  of  the 
Ibraiohi  Cj^Hj,(C,H,0,),,  whiefa  fiimish  respectively  hydrobenxoia  tind  isohydro* 
benzoin  on  8aponificati<m,  »  monaoetate  of  the  formula  €!j,Hj,(OH)(C,H,0^ 
being  also  formed,  whioh  furnishes  iiwhydrobenzoin.  But  on  heating  stilbcno 
bromide  with  ^Jo/'ft^^ie  acetate  and  acetic  acid  to  about  160° — 165  "(3  20° — 329°?.) 
only  the  di-  and  monacetate  of  isohydrolx'nzoin  are  obtained,  t<>t;ether  with  an 
appreciable  amount  of  stilbene.  By  the  action  of  potassic  acetate  and  alcohol, 
only  stilbene  and  bromostilbene  are  produced ;  argentie  benioate  in  presence  of 
ijlent  has  aa  afl^on  aimUar  to  that  of  argentic  aeetate,  the  dibenxoate  of  both 
hydrobensoin  and  isohydiobenaoin  being  formed.  Lastly,  by  the  action  of 
argentic  oxalate  in  presence  of  xylene,  resinous  proiluct-«  are  obtained,  together 
with  much  stilbene,  which  on  saponification  fumi.-h  hydrobenzijin  almost  exclu- 
sively (Forst  and  Zincke,  Ann,  Chem,  Pharm.,  clxxxii.  241). 

Hydrobenann  erystalKaes  firom  aloohol  in  large,  bat  very  thin  monoolinio 
plates ;  it  nwhs  at  154*  P>X  ^  >*  readily  solnUe  in  alcohol,  but  only 

sparingly  in  cold  water.  Its  monacetate,  C,jr,^(OH)(CjH,Oj),  crystallizes  in 
long  needles,  which  melt  at  84''  (183^-2  F.);  the  diacetate.  (0,H,0,),, 
forms  large  monoclinic  ])rism3,  and  meltf  at  134"  (273  "2  F.).  The  correspond- 
ing dibenzoate,  ^^^11^,(0^  11^0^),,  is  one  of  the  most  characteristic  hydrobenzoin 
derivatives ;  it  is  sparingly  solulle  in  coM  ether,  aleohol,  or  benBsne,  bat  mora 
iotable  in  boiling  acetic  acid,  xylene,  or  aloohol,  and  crystillixes  in  small  hrittlo 
needles,  which  melt  at  247"  (476°'6  F).  Isohydrobenzoin  is  readily  soluble  in 
alcohol,  ether,  or  chloroform,  from  which  it  CQ'stallizes  in  monoclinic  prisms, 
melting  at  i  \(f — 120°  f246°'2 — 248°  P.);  it  separates  from  its  aqueous  solu- 
tion in  blender  glistening  nee  lies,  containing  water  of  crystallization,  which  melt 
at  95  —96°  (203°— 204  8  F.)  Its  monacetate  crystallizes  in  diorler,  thicker 
needles  than  the  isomeride,  and  melts  at  88*"  (i  9o'**4  P.).  The  diaoetata  separates 
from  a  hot  alcoholic  solution  in  glistening  plates,  which  melt  at  117^  (242^*6  P.)» 
even  after  repeated  fusion ;  but  it  crystallizes  from  the  mother  liquor  of  these  crystals 
on  spontaneous  evaptiration  in  rhombic  prisms,  which  as  a  rule  melt  at  I  1 7° —  1 1 8° 
(242''*6 — 244^  4  F.),  but  after  fusion  melt  constantly  at  about  106  (232'*  8  P.). 
Sometimes  prisms  are  obtained  which  from  the  first  melt  at  106^  (222*''8  P.)* 
On  dissolving  the  crystals  which  melt  constantly  at  117*  in  cold  alcohol,  and 
allowing  the  eolation  to  evaporate  spontaneously,  prisms  are  obtained  which  at 
first  melt  at  1 17*,  bat  afterwards  at  106°  ;  it  was  not  found  possible  to  ex)nvert 
the  erystals  of  lower  into  those  of  hitrlier  melting  point  (Forst  and  Zincke). 
Isuhydroben/oin  dibenzoate  crystallizes  in  needles  easily  soluble  in  hot  alcohol, 
which  melt  at  155" — 156°  (31 1° — 312''  8  F.).  On  heating  isohydroben- 
soin  with  henzoie  anhydride  to  150**160**  (302** — 320"*  F.),  it  appears  to 


Digitized  by  Google 


536 


HYD&OBENZOIN 


iiiniiih  »  mkelme9  of  Vb»  dibenmtw  of  hjdfobonic^B  and  loohjdrahMioiA 

(Font  and  Ziocke). 

On  oxidation  with  chromic  acid,  both  hydrobcnzoin  and  isoliydxolimioiii  for* 
nish  almost  the  theoretical  amount  of  benzoic  uKlehyde  and  benzoic  acid  (Forst 
and  Zinckc,  Deuf.  chem.  Ges.  Ber. ^wW.  799).  ^>itric  acid  convertn  hydrobenzoin 
into  beuaoin,  C,llj.CO.CH(OlI).C,ll^;  the  nature  of  the  cr^btalliiie  product  which 
ia  obtained  by  its  aetioii  on  iaohydroboiiaoin  has  not  yot  Weo  aaoertained.  Both 
yield  oomponnds  of  the  eompoBition  C,^H„C1,  on  treatment  with  phofsphorie 
pentachloride,  but  the  product  from  hydrobenzoin  \a  not  dititinguinhable  from 
that  from  isohydrohenzoin,  and  both  chloridt.s  fiiniish  ttdaiie.  ^',11;,-^  ^^-'A'tHi* 
when  submiUcd  to  ihe  action  ol"  potassic  hydrate  (Amman  and  i'itlig,  Attn,  C^tm, 
Pharm.,  clxviii.  67).  The  brominated  compounds  ^i^^^,^!',  obtained  by  iho 
acUon  of  phoitphoriM  pentabtomide  alao  exhibit  the  aame  properties  (Font  and 
Zincke). 

The  constitution  of  hydrobenzoin  and  iaohydrobeDZoin  ia  involved  in  consider* 
able  obscurity.  The  formula*  which  are  moat  in  accordance  with  their  general 
behaviour  are  C,H,.CH(Oll).CH(OH).C,H.  and  C,H..C(OH),.CH,.C,U, ;  in  fact, 
their  behaTioor  on  oxidation  may  be  regarded  as  proof  that  these  are  the  only  pos* 
aiUe  fbrmol^  ainoe  we  most  suppose  that  eaeh  ooatatna  two  C,H^  gronpa,  the 
amount  of  beoaob  alddiyde  whkh  ia  fonned  being  ^moat  eqnal  to  that  requind 
by  theory,  viz. : 

CA.CH(OH).CH(OH}.CA      (O  4-  OH,)  «  2C,H,(X)H  4-  sOH^ 

The  first  Ibnnnia  ia  the  more  probable  expression  of  the  oonstitntion  of  hydro- 
benxoin  on  account  of  its  formation  from  benzoin,  but  many  objei-tionst  nuiy  be 

urfi^od  afi;:iiii«t  the  second  a^i  the  formuhi  of  isobydrobenzoin.  Tlius,  we  may 
account  for  the  formation  of  the  diacetate  C<,H^.C(< 'J  I/)..)...('H,.(\Hj  from 
stilbene  brouiide,  which  haa  the  formula  CjH^.CHlJr.CHBr.CjH^,  by  the  action 
of  potaasio  or  argentic  acetate  in  prMmce  ff  «e§tie  add  in  the  same  way  that 
we  account  for  the  eonvenion  of  isoprimaij  bntyUc  iodide  mto  tartiaiy  butjlio 
acetate  (p.  442) — viz.,  by  tbe  ;is'<umption  that  the  stilbene  brmnide  b  first  con- 
verted into  broniostilb i  ne,  C. H,.('H:^C"Hr  C. H,,  wbieb  then  combines  with  the 
acetic  acid  forming  the  acetate  (\II,.(MI,.Clir(CJI  O  ).C' ir,  which  is  subse- 
quently  converted  by  double  decomposition  into  the  diacetate;  but  we  cannot 
acooont  in  •  aimilar  manner  for  the  simultaneona  formation  of  the  dibenioatee 
corresponding  to  the  two  alcohols  by  the  action  of  argentic  benioate  on  atiNiene 
bromide  in  presence  of  the  hydrocarbon  xylene.  Moreover,  we  have  seen  that 
comjK)unds  in  which  two  OH  groups  are  a-^sociated  with  the  same  carbon  atom 
are  usually  very  unstable,  and  isohydrobenzoin  is  possessed  of  considerable 
atability.  Analogy  also  would  lead  ua  to  expect  that  a  oompound  of  the  formula 
C,H,.C(OH)y.CH,.C,II^  would  melt  at  a  lower  temperature  than  the  isomerio 
compound  of  the  formula  CH,.CH(0H).(']1(  )H).C^H^,  whereas  hydrobenzoin. 
to  which  we  have  assigned  the  latter  formula,  melts  at  a  higher  temperature 
than  isohydrobenzoin.  The  great  dillerence  in  tbe  propertii's  of  the  acetates  and 
it(  the  benzoates  oi*  hydrobenzoin  and  isohydrobenzoin  dues  not|  however,  favour 
Che  conclusion  that  they  belong  to  the  dam  of  so-called  physical  isoroeridea,  but 
appMMTB  rather  to  indicate  that  these  alcohob  are  really  bodies  of  diflbrent  dhemical 
constitution. 

(1526)  DiTriYM^L:  (^,oH,/OH),. — This  compound  is  the  product  of  the 
action  of  ferric  chloride  on  ihyniol,  and  crystallizes  from  dilute  alcohol  in  rhombic 
platea,  containing  a  molecule  of  water.  It  melts  at  162°  {^2^°'0  F.)  ;  benzoic 
chloride  converts  it  bto  the  dibensoate  (Boradin  and  Diadn,  Deni,  efte«» 
€f0»,  Ber,,  viiL  166). 

(1527)  Anthr  VII  y::>boqU'.NOHB  or  Authraquinol ;  dioxyantkroMM  s 
£I^H,(UH)^  is  formed  when  anthra^uinone  ia  fused  iiir  a  long  time  with  fotaaaio 
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hydrate  at  a  temperature  superior  to  250°  (482°  F.),  but  is  far  more  conveniently 
prepared  by  pouring  a  dilute  lolatioa  of  sodio  hydrate  on  a  miztwe  of  antfara- 
quinone  and  sine  dnat.  The  antbraqntnone  gradoally  diaeolTeSyand  on  adding  an 
acid  to  the  solntion  the  anthnu|uinol  ii  obtained  as  a  yellow  precipitate,  which 
rapidly  oxidizes  in  cnntnct  with  the  air,  on  which  account  it  should  be  pre- 
cipitatiHi,  washed  and  dried  in  an  atmnspliere  of  e;irbonic  anhydride  (iiraebej. 

Pkenanihrtneh^dro<iiiinone  or  2j/ienant/ira(^ui/wi  :  CjjU,(OH),,  an  i«omeride 
of  anthraquinol,  ia  obtained  in  the  nsnal  way  by  the  action  of  sulphuroos  add 
.  on  phenanthraqninooe,  the  action  being  aseiiited  by  a  gentle  heat.  It  crystal- 
hiAi>  tVoiu  a  hot  aqueous  solution  of  salphurous  acid  in  long  colourless  needles, 
which  become  oxidized  in  the  moist  state,  but  are  more  stable  when  dry.  The 
comparative  facility  with  which  phenanthrenequinone  is  converted  into  the  corre- 
sponding hydroquinone  serve;}  as  a  meana  of  distinguishing  and  separating  it 
iVom  anthraqninone,  which  ia  not  acted  on  by  snlphnrons  add  (Graebe,  Ann, 
Ckem.  PAarm.,  dxvii.  1 46), 

(1528;  CuKYSF.NEilYDBOQUINONB  or  Ckrifseneqnlnol :  CjjH„(OH),.— 
Pyrenequinone,  which  is  the  only  known  quinone  derived  from  the  hydrocarbons 
of  the  ^a^ta^  series,  has  not  been  converted  into  the  hydroquinone,  but 
ehryseuequinone  readily  yields  chrysenehydroqainone :  dissolving  when  boiled 
with  nnc  doet  in  an  aqueous  solution  potasste  hydrate,  and  on  adding  an  add 
to  tike  dear  ydlow  solution  the  qutnol  ts  predpitated  in  colourless  flocks,  which 
readily  oxidize.  This  change  takes  place  even  when  the  quinol  is  heated  to 
200^  (392*  F.)  with  access  of  air,  the  quinone  being  reproduced,  or  by  dissulv- 
ing  it  m  sulphuric  acid  and  agitating  it  with  air,  when  the  liquid  assumes  the 
Uue  eeloor  so  diaraeteristio  of  tlM  anlphnrio  aeid  aolntuw  of  chiysenequinone 
(Liebennann,  »MdL,  dHit  312). 

(1529)  DuAPHlSOLs:  C„Hj,0,  or  C^Fr„(OH),.--On  adding  fiMnrb  chlo- 
ride (not  in  excess)  to  a  sidutron  ol*  «-  or  ^-iiaphihol,  the  solution  assumes  a  rose 
colour,  and  tl»e  correspond  in.,'  diiiaplitlnd  separates  in  the  solid  state,  the  ferric 
•    being  at  the  same  time  reduced  to  lerrous  chloride : 

2C,jr,.0K  +  Fe,CI.  »  C^H«(OH).  +  aFeCl,  -f  Ha 

NaphibQL  Piasphthol. 

a-Dinaphthol  forms  silvery  rhombic  plates,  whii  h  melt  at  300°  (572*  F.) ;  it  gives 
a  red  colour  with  ferric  chloride,  and  a  violet  precipitati'  with  nitric  iicid. 
/3-Dinaphthol  crystallizes  froui  alcohol  in  broad  quadrangidar  prisms  which  melt 
at  21$°  (41 2  "'4  F.)  ;  it  gives  a  greenish  colour  with  ferric  chloride,  and  a  dark 
green  with  nitric  add.  Both  these  substanoes  are  insoluble  in  water,  but  easily 
sduble  in  alcohol  or  ether;  they  are  dissolved  by  alkalies.  It  is  said  that  they 
are  reconverted  into  the  correspondinj^  naplitli(ils  when  distilled.  The  diben- 
zoate  of  a-dinaphthol  melts  at  254°  (489''2  F.)  ;  that  of  the  /3-compound  at 
160"  (320"  F.)  {DmxiXit  Deut.  chem.  Ge4.  lict:,  vL  1252;  vii,  125,  487). 


i  IX.  TuKYDUC  Alcohols. — Alcobols  ov  thb  CbUib.i  (OH)^ 

Sbbibs. 

Very  few  trihydric  alcohols  are  at  pvesent  known,  this 
series  indnding  only  two  membersj  besides  which  we  are  ac- 
quainted with  five  trihydric  alcohols  derived  from  hydrocarbons 

of  the  benzene  series,  autl  a  trioxynaphthalene. 

(1530)  Glyckkin  ;  Glycerol :  CH,(0H).CH(0H).CH2(0H). 
— This  alcohol  was  discovered  in  177^,  by  Scheele,  when  jjre- 
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paring  lead  plaster  I17  saponifying  lard  irith  plmnlne  oxide. 

Most  of  the  fixed  oils  and  fete,  from  both  animal  and  vegetable 

sources,  are  normal  glyceric  salts  of  acids  of  the  acetic  or  oleic 
scries,  ami  yii  Id  glycerin  when  decomposed  with  alkalies  or  the 
more  basic  oxides.  For  example,  it  may  be  obtained  from  olive 
oil  by  heating  the  latter  with  rather  more  than  half  its  weight  of 
plumbic  oxide  and  a  little  water  uutil  completely  saponified, 
removing  the  insoluble  j)himbic  oleate  or  lead  plaster,  ])recipi- 
tating  the  lead  which  remains  in  solution  by  sulphuretted 
hydrogen^  and  evaporating  the  aqueous  solution : 

aC.H,(C\.II„C\),  +  3PbO  +  3OH.  =  2C,H,(0H),  +  3(C.,H^0,).P1». 
OMn  or  gljcfrie  diMtt.  Qlyeerin.  Flambie  olciia 

Glycerin  has  been  artificially  prepared  from  a-trichloropropane, 
CH2CI.CHCI.CH3CI  (p.  159),  by  heating  it  with  water  to  ijd^ 
(338°  F.)  (Friedel  and  Silva,  Compt.  Rend.,  Ixxiv.  805). 

Pasteur  has  shown  {Ann.  Chim,  Phys,  [3],  Iviii.  355)  that 
glycerin  is  always  produced  in  the  alcohoUc  fermentation  of 
sugar,  so  tbat  it  occurs  in  all  fermented  liquors ;  according  to 
his  experiments,  Ibr  every  100  parts  of  cane-sugar  fermented^ 
about  3*5  parts  of  glycerin  are  formed. 

Preparation. — Glycerin  is  generally  prepared  firom  bye  pro* 
ducts  of  manufacturing  operations,  or  is  obtained  as  a  subsidiary 
product  in  the  preparation  of  solid  fatty  acids  in  the  candle  r 
manufeqture. 

It  may  he  obtained  from  spent  soap  lyes  left  after  the  soap  h:us  boon  snlt»  J 
out,  or  from  the  liquors  separated  from  the  insoluble  mixture  of  lime  soup  aud 
fiittj  acid  formed  in  the  first  stage  of  the  roatrafiusttiFe  of  staarin  candlet  bj 
saponifying  tailov  with  milk  of  lime.    In  the  former  case  the  solution  is  first 

carefully  neutralized  with  sulphuric  acid ;  in  the  latter  sulphuric  acid  is  .idili'd, 
the  solution  Iwiled  to  expel  volatile  acids,  and  then  carefully  neutralized  with 
lime  :  the  dilute  brown  coloured  solution  of  glycerin  thus  obtained  is  evaporated 
to  the  conaistence  of  a  syrup,  and  subsequeutly  distilled  in  a  current  of  su^x^r- 
heated  ateam. 

Mr.  Tilghman  found  that  when  a  mixture  of  fat  and  water  was  subjected  for 
a  short  time  to  a  temperature  about  that  of  melted  lead,  by  forcing  it  through 
heated  iron  tubes,  the  former  was  decon^posed,  yielding  a  fatt}'  acid,  and  an  aquei^ns 
solution  of  glycerin  which  only  required  to  be  concentrated  to  be  at  ouce  tit  for 
vae.  A  prooeea  Mmewhal  aimilar  to  this  in  principle  is  now  almost  uaiTeraal^y 
employed  in  this  eountry,  a  patent  having  been  taken  out  for  that  pnipoae  ly 
Meiwrs.  Wilson  and  Payne,  24  July,  1854.  The  fkt  is  charged  into  a  still, 
which  13  gently  heated  externally,  superheated  steam  being  blown  into  the  fat 
so  as  to  maintain  the  temperature  at  about  288° — 316°  (550"— 600^  F.) ;  by 
this  means  the  fat  is  decomposed,  and  both  the  fatty  acid  and  the  glycerin  distil 
over  and  coodenae  in  a  pate  state  togetker  with  the  a^ueooa  vaponv.  By  cm* 
ploying  a  series  of  condeneon,  the  first  <^  whieh  are  not  oooled  extcraally.  the 
glyoeria  is  obtained  in  a  very  ooucentrated  state,  the  water  eondeumg  in  the 
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cooler  part  of  {he  apparatos;  or  the  aqneoiu  aolntion  of  gljoerin  may  be  concen- 
tntsd  by  evaponitioii. 

Glycerin  at  the  ordinary  temperature  is  a  syrupy,  colourless 
liquiil,  iu odorous,  and  of  a  sweet  taste,  readily  absorbing 
moisture  from  the  air.  Exposed  to  a  low  temperature  and  con- 
tinaed  Tibration  for  some  time,  it  aoiidifies  to  a  crystalline 
mass,  if  pure  and  anhydrous.  The  crystals  are  rhombic  prisms, 
and  melt  at  1 7^  (Henninger,  Deui.  chem.  Get.  Ber.,  Tiii.  643) ; 
according  to  Boos  {Chem.Soc.  Joum»,  1876,  i.  651),  they  melt  at 
'^'5  (^o^  ^'h  and  the  liquid  glycerin  at  that  temperature  has  a 
specific  gravity  of  1*261.  Glycerin  is  miscible  in  all  proportions 
with  water,  alcohol,  or  chloroform,  but  is  insoluble  in  ether.  It 
is  slightly  volatile  at  jco^  (2iz^  F.),  but  cannot  be  distilled  under 
the  ordinary  atmospheric  pressure  as  the  greater  portion  under-  ' 
goes  decomposition  with  formation  of  acrolein.  It  passes  over 
readfly,  however,  in  a  current  of  superheated  steam  at  a  tcmi)e- 
rature  of  260° — 3i5°\5  (500** — 600°  F.).  It  also  distils  without 
change  under  diminished  pressure,  boiling  at  I79°"5  \355° 
under  a  pressure  of  12  5  mm.,  and  at  210°  (410°  F.)  under  a 
pressure  of  jo  mm.  (Bolas) ;  at  179°  (354°*  2  F.)  under  a  pres- 
sure of  20  mm.  (Ilenninger).  Glyceriu  dissolves  many  substances 
■which  arc  but  slightly  soluble  in  water,  taking  up  one-tilth  of 
its  weight  of  araenious  oxide,  and  dissolving  iodine  iu  large 
quantity. 

Sodium  has  little  or  no  action  on  glycerin  in  the  cold,  but 
on  heating,  hydrogen  is  rapidly  evolved,  the  sodium  becomes 
red-hot.  and  the  glycerin  is  decomposed.  A  monosodium  deri- 
vative of  glycerin  may  be  prepared,  however,  by  dissolring  sodium 
in  alcohol  and  adding  glycerin ;  after  a  time  a  crystalline  deposit 
is  formed  of  the  composition  CgH^NaO^jC^H^O,  which  when  heated 
to  100^  (2Ta^  F.)  in  a  current  of  hydrogen  loses  the  alcohol  of 
crystallisation.  Sodium  glycerin  is  a  white  amorphous  powder, 
which  attracts  moisture  with  the  greatest  aridity  from  the  air ; 
it  It  immediately  decomposed  by  water  (Letts,  Chem,  Soe.  Joum,, 
XXV.  450).  Calcic,  strontic,  and  baric  hydrates  are  freely  soluble 
in  glycerin,  forming  solutions  which  may  be  diluted  with  water, 
and  in  whicrh  carbonic  anhydride  produces  no  precipitate. 
Plumbic  oxide  is  also  dissolved  bv  givccrin. 

When  glycerin  is  carefully  adilcd  to  the  strongest  nitric  acid 
cooled  by  a  mixture  of  ice  and  salt,  and  the  solution  is  afterwards 
gradually  mixed  with  couccntrated  sulphuric  acid,  ■glyceric  tri- 
nitrate, C,11.(N03)3,  8ci'^i'*«'itcs  as  a  yellow  oil,  slightly  soluble  in 
water.    This  oompouad — the  so-called  uitroglyceria — ^is  violently 
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explosive,  hilt  requires  tlic  fulfilment  of  certain  special  conditions 
for  the  full  dcvelupnicnt  of  its  explosive  force.  Its  explosion  by 
the  simple  application  of  heat  can  only  be  accomplished  if  the 
source  of  heat  be  applied  for  a  protracted  period  in  such  a  way 
that  chemical  decomposition  is  established  in  some  portion  of  the 
mass^  and  is  favoured  by  the  continued  application  of  beat  to  that 
part.  Under  these  circnmstanoes  the  change  proceeds  with  yeiy 
rapidly  accelerating  violence,  and  the  sadden  transformation  into 
gaseous  products  of  the  heated  mass  ultimately  takes  place— a 
transformation  which  is  instantly  communicated  throughout  the 
mass,  so  that  the  confinement  of  the  substance  is  not  necessaiy 
to  develop  its  full  explosive  force.  TbM  result  can  be  obtained 
more  expeditiously  and  with  greater  certainty  by  exposing  the 
substance  to  the  concussive  action  of  a  detonation  produced  by 
the  ignition  of  a  small  quantity  of  fulminating  powder^  dosdy 
confined  and  placed  either  in  contact  with,  or  in  proximity  to  the 
nitrate  (Abel,  Phil.  Trans.,  1869;  Chem.  Soc.  Joum.,  xxiii.  41). 
It  also  detonates  when  struck.  By  the  action  of  alkalies,  or 
rtduciug  agents,  glyceric  trinitrate  is  reconverted  into  glycerin  ; 
thus,  when  it  is  heated  with  an  aqueous  solution  of  potassic 
hydrate,  glycerin  and  potassic  nitrate  are  obtained,  and  on  mixing 
.  it  with  a  concentrated  solution  of  hydriodic  acid,  glycerin  is  pro- 
duced witli  evolution  of  pure  nitric  oxide  (Milisj.  The  lower 
nitrates,  C3lL(01l)(N03),  and  C3H.(OII),(N03),  are  probably 
formed  by  the  moderated  action  of  nitric  acid  on  glycerin^  but 
they  arc  not  known  in  the  pure  state. 

On  mixing  glycerin  with  concentrated  sulphuric  acid,  hydric 
glyceric  sulphate,  SOj(OH).O.CgH5(OH)2,  is  produced;  and  by 
the  action  of  phosphoric  acid  or  anhydride,  glycerin  is  converted 
into  the  acid  phosphate,  PO(OH)g.O.C3H5(OH)j.  The  latter 
compound  is  of  especial  importance^  as  it  forms,  so  to  speak,  the 
framework  upon  which  all  the  highly  complex  phosf^orised  con- 
stituents of  the  brain,  &c.,  are  constructed. 

By  heating  glycerin  with  organic  acids,  ethereal  salts  are  pro- 
duced which  vary  in  composition  according  to  the  proportions  in 
which  the  substances  are  employed,  the  temperature  and  pressure 
to  which  the  mixture  is  subjected,  and  the  time  for  which  tiie 
heating  is  continued.  These  salts  are  usually  designated  by 
names  formed  from  those  of  the  acids  by  changing  the  termination 
ic  into  tfi ;  thus  acetic  add  forms  acetins,  stearic  acid  forma 
stearins,  and  oleic  add  forms  oleins.  The  normal  salts,  or  salts 
formed  from  glycerin  by  displacing  the  three  atoms  of  hydrogen 
of  the  three  bydroxyl  groups  by  acid  radicles,  produced  by  heating 
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glycerin  witb  adds  sacih  as  oleic  and  stearic  acid,  are  identical 
with  the  stearin  and  olein  of  natural  fata  and  fixed  oila. 

By  the  action  of  hydrochloric  or  hydrobromic  acid  on  glycerin 

either  one  or  two  of  the  three  hydroxyl  groups  may  be  displaced 
by  chlorine  or  bromine  ;  the  tliird  may  be  disj)laccd  by  tlie  action 
of  pcutacliloridc  or  pcntabromidc  of  phosphorus  (p.  159). 

To  prepare  the  niouochlorhydrin,  CjHjCl(()H)j,  glycerin  i«  siiturateJ  with 
hydrochloric  acid  and  the  solutiou  maintained  i'ur  Mome  time  at  100° 
(312*  F.);  it  is  theo  labmitted  to  fraoUonal  dutillatioii,  the  portion  wbidi 
boils  at  aboat  325*— 230"  (437*— '44^^  F.)  being  oolleetsd  apart   It  is 

not  known  whether  the  product  obtained  in  this  way,  which  is  a  viscid  liquid 

soluble  in  wator,  contains  both  the  possible  mnnochlorhydrins  oftrlyrorin,  but  it 
certainly  consists  chictly  of  cMovomcfhyhjlt^rnl,  C1I^C1.CH(<  (iljCHjOH), 
as  on  troatini;  its  aqueoua  solution  with  Modium  amalguin  nietliylglycol, 
CH,.CH(()1IJ.CH^(0II),  U  obtained  (Buff,  Ann,  Ckm,  Fharm.  Supp.,  v.  247). 
The  isomeriQ  compound,  chloro-a-propylenic  glycol,  CH,(0H).CHC1.CH,(0U),  is 
formed  on  mixing  allylic  alcohol  with  a  dilute  aqueous  solution  of  hypocblorous 
acid,  but  the  yield  is  very  small,  as  much  of  the  alcohol  is  oxidized;  it  boils  at 
about  220°  (428  F.)  (Henry,  Deut.  chem.  Ges.  Ber.,  v.  449). 

The  dichlurhydrius  of  glycerin  are  formed  on  heating  a  mixture  of  i  volume 
of  glycerin  and  12  volomesc^  hydrochloric  acid  for  some  t^roe  to  too**  (21  a"  F.), 
and  then  distilling  the  mixture;  a  better  nit  thud  of  preparation  is  to  ;<aturate  a 
mixture  of  eqnal  volumes  uf  glycerin  and  glacial  acetic  acid  with  hydrochloric 
acid,  finally  at  100°  (212'  F.),  and  to  isolate  the  product  bj  fractional  dibtilla- 
tion.    In  this  way  a  mixture  of  the  two  comi)ounds,  CHjjCl,CIICl.C'lIj(OH)  or 
dichloropropylic  alcohol,  and  CH,CLCH(OH).CIl,Cl,   or  dichlorisopropylio 
aleohol,  is  obtained,  the  latter  being  the  chief  prodnct,  however  (HQbner  and 
Miiller, C/<m.  P^arm..  cWx.  170);  apparently  the  tendency  for  th'  t'ortnwr 
to  be  produced  is  les:>  the  higher  the  temperature  at  which  the  action  takes  placo, 
80  that  if  the  mixture  be  heate.l  to  about  120^  {^4^^   F.).  and  satutated  with 
hydrochloric  acid,  almost  pure  dichlorisopropylic  alcohol  is  formed.    An  extremely 
good  method  for  preparing  the  latter  is  to  add  the  chloride  of  xulphur  S,CI,  to 
anbydrons  glycerin,  wbidi  is  heated  in  a  salt-bath,  until  no  further  action  takes 
place;  the  liquid  product  is  poured  off  from  the  cake  of  sulphur,  washed  with 
water  and  a  small  quantity  of  sodii:  carbonate,  dried,  and  puriliti  by  distillation 
(Carius).    According  to  Cia-is  [ibid.,  clxviii.  42),  the  action  which  takes  plaee  is  ex- 
pressed by  the  equation :  C,H,(OII ),  +  iS^CI,  -  C,H,Cl,(UiI)  +  SO,  +  2HCI  +  3S; 
he  recommends  the  addition  of  2000  grams  of  the  chloride  to  800  grams  of 
glycerin  which  has  been  rendered  anhydrous  by  heating  to  195°  (3^3**  F*)  io  an 
open  dish.    The  proditct  is  separated  from  the  sulphur  by  ether,  and  the  residue 
left  on  distilling  olf  the  ether  is  submitted  to  fractional  distillation.  Dichloro- 
propylic alcohol  is  best  prepared  by  passing  chlorine  into  well  cooled  anhydrous 
ahylic  alcohol;  it  is  a  somewhat  mobile  liquid,  of  the  specific  gravity  1*389  at 
o**  (32'  F.)»  soluble  in  a  large  quantity  of  water;  it  boils  at  about  iSi"*  (3  5  9-6  F.) 
(TcAlens,  ibid.,  clvi,  165 ;  p  466).  Dickloriitopropylii  nh-Jml,  like  its  isoraeride, 
is  a  colourless  liquid  of  agreeable  odour,  soluble  in  about  nine  times  its  volume 
of  water;  it  boils  at  176'  (34'S°'S  F.).  and  at  i7"-5  [(^f-^  F.)  has  the  specific 
gravity  1*366.  On  treating  its  aqueous  solution  with  scxlium  amalgam,  isopropylic 
alcohol  is  obtained  (Buff),  but  by  the  action  of  sodium  on  its  ethereal  solution, 
allylio  alcohol  is  produeed  (Hnbner  and  MQller) ;  dlylio  alcohol  is  obtained 
from  the  isomeric  dichli)rhjdnn  on  treating;  the  aqueoiis  solution  with  sodium 
amalgam  (Tolkns).    The  eomponnd  CH,CLCU(Oii).CU.Cl  is  usually  termed 
Amply  dichiorbydrin. 
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Both  the  dichlorhydrim  of  gljoerin  are  oooverted  into  the  name  compound— 
the  to-calhid  e^ehkMrhydxin  or  ehloiopcopjienic  oxide— bj  the  eeCion  of  alkaUea : 

CH.Cl  CH.a 

I  I 
CH.OH  £0H       B       CH  ) 

I  I     y  0    +    KCl  +  OH- 

DiehlorUopropjMc  alcohol.  Cbloropropylenk  oxide. 

The  beat  method  of  preparing  epichlorhydrin  appears  to  consist  in  addinor 
gradually  a  nearly  saturated  aqutoua  iwlutiitu  of  300  grams  of  sodic  hydrate  to 

eoo  grams  of  the  crude  mixture  of  the  two  dichlorhydriiki  and  of  chloraoetixu 
oiling  at  140^—220**  (284''— 428''  F.),  obtained  by  satarating  a  mixture  of 
glycerin  and  acetic  acid  wiih  hydrochloric  acid,  and  then  ditttilling;  the  aetaoUa 
which  is  at  first  extremely  violent,  is  completed  bj  well  agitating  the  mixture 
and  warming  on  the  water  bath  (Patzschke,  Joum.  pr.  Chem.  [2].  i.  82  ; 
Hiibner  and  Miiller,  loc.  cit.).  The  product  is  separated,  washed  with  small 
quantitieii  of  water,  dried  over  anhydruus  cupric  sulphate,  and  purified  by  frac- 
tional distillaUon.  It  is  aooloorleea,  mobile  liquid,  inaolnble  in  water,  poeeeering 
an  agreeable  odour  like  that  of  chloroform  ;  it  boile  at  n8*— 119**  (244°"4— 
246°"2  F  ),  and  at  11°  (5i°'8  F.)  has  the  specific  gravity  I'I94.  On  heating 
it  with  w  ater  under  prexsure,  it  i.s  converted  into  the  nionochlorliydrin  of  glycerin, 
CH,(01i).CII(0H).CH3Cl.  It  readily  combines  with  hydrochloric  acid  forming 
tlie  dicUorhydrin  CH,C1.CH(0H).CH,C1,  much  heat  being  developed  on  adding 
a  concentrated  eolntion  of  the  acid ;  the  converaira  ia  completed  hf  paainng 
hydrochloric  add  gas  into  the  mixture,  and  then  warming  gentlj  for  some  time. 
In  this  manner  the  pure  diehlorhyilrin  may  readily  be  prepared  from  glycerin, 
by  fir.^t  i-rejiarinLr  tiie  mixture  of  diehlorhydrin-j  and  converting  the  latter  into 
epichlorhydrin.  iiy  acting  ou  an  ethereal  solution  of  epichlorhydrin  with  sodium 
and  treating  the  product  witii  water,  Hubner  and  MiUler  (loccit.t  p.  1S4)  havo 
obtained  a  compound  which  they  regard  as  a  dibjdrio  alcohol  of  the  oompoution 
C,H,^(OH)j;  hut  its  properties  have  not  yet  been  investigated. 

On  heating  dichlorhydrin  with  a  one  per  cent,  alcoholic  jiolution  of  ammonia 
inclosed  vessel.-,  at  about  105^  (22 1**  F.)  the  hydroelilorides  of  two  bases  — 
diamido/11/Unn  and  gli^cidamine — are  produced,  one  of  which  may  be  regarded 
as  formed  from  dichlorhydrin  by  the  displacement  of  the  two  atoms  of  chlorine 
by  twice  the  group  NH,,  and  the  other  as  bearing  a  similar  rdalion  to  epichlor- 
hydrin. IJy  the  action  of  a  4  per  cent,  solution,  however,  a  far  more  complex 
substance,  c/ilor/ij/drlntmidc,  H  .N^CI  .O^.  is  formed  ;  this  body  is  remarkable 
on  account  of  its  extreme  stability,  being  unalfc'cled  svhen  boiled  with  coucen- 
trated  hydrochloric,  nitric,  or  sulphuric  acid,  or  a  concentrated  solution  of 
potaasic  hydrate  (Claus,  Ann.  Ckem.  Pkarm.,  dxviii.  29). 

Dichlorhydrin  is  readily  acted  on  by  bromine  when  heated  with  it  to  about 
100°  (2  I  2'^  K.)  ;  there  has  been  much  discussion  as  to  the  nature  of  the  product, 
but  from  the  latest  experiments  of  Carius  it  appears  that  it  c!i:etly  consists  of  a 
dibromodichloraa'tone,  (?)  Cll,Cl.CO.CBrjCl,  which  is  capable  of  combining  with 
water  to  form  a  crystalline  hydrate  C,lI,Br,Cl,  +  4ll,0  {Ann.  Ckem.  PAanm., 
civ.  35).  By  reducing  this  hydrate  with  sine  and  anlphuiic  add,  Lange  has 
obtained  acetone  {Deut.  chem.  Gcs.  Ber.y  vi.  9R). 

Little  is  known  of  the  bromhydrins  pruducul  by  the  action  of  hydrobromie 
acid  on  glycerin.  The  dihromhydrin  CllJn-.CIllJr  CH,(01I)  is  obtained  by  the 
direct  combination  of  bromine  witii  allylic  alculiol  (p.  466],  by  adding  bromine 
to  a  mixture  of  the  alcohol  and  water,  or  by  placing  a  dish  containing  the  necea- 
sary  amount  of  bromine  in  a  bell  jar  containing  the  alediol  and  immersed  mouth 
upwanla  in  a  pail  of  water,  the  month  of  the  jar  being  corcred  with  a  glaaa 
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plftle ;  the  eomlnnalaon  ihen  gradaaUy  tidces  place.   The  ptoind  nmst  be  distilled 

in  aenrrent  of  steam  before  it  in  distilled  alone  (Miinder  and  Tollens,  Ann.  Chem. 
J'harm.,  clivii.  224).  It  is  a  heavy  oily  liquid,  boiling'  at  about  212** — 214* 
(4I3°"6 — 4I7^'2  F.)  ;  accortiing  to  LinntMUiiiin  (DtM^.  chtiii.  Ge.s.  Ber.,  vW. 
858),  the  product  of  the  action  of  hrouiiue  ou  allyiic  alcohol  in  presence  of  water 
maj  be  sepaxated,  by  washing  with  soooessive  small  quantitiea  of  water,  into  an 
eaailj  soluble  and  a  difficiUtly  soluble  povtbn  :  the  former  requiring  three  to  four 
times,  and  the  latter  about  34  times  its  volume  of  water  for  complete  eolation ; 
the  nature  of  the  two  substances  has  not  yet  been  aiicertained. 

Epibromhydrin,  CjII^BrO,  is  obtained  by  the  action  of  alkalien  on  the 
dibromhydrins  of  glycerin  ;  it  boiU  at  138" — 140"  (28o*'"4 — 284^  F.).  Kpi- 
eblofhydrin  combinca  with  hydrobromic  acid  with  gieat  readinees ;  the  product, 
CH,Cl.CH^OH).CH,Br,  which  resembles  the  dichlorhydrini,  boils  at  197** 
(386**'6  P.),  and  at  12°  (53'*'6  F.)  has  the  specific  gravity  1740.  The  same 
substance  is  obtainfd  by  combinin<!:  epibromhydrin  with  hydrochloric  acid.  Kpi- 
chlor-  and  epibromhydrin  also  combine  with  hydriodic  acid,  much  heat  beinj^ 
developed  on  mixing  them  with  a  concentrated  solution  of  the  acid ;  the  chloriod- 
bydrin  boils  at  about  226^  (438''*8) ;  tbe  bromiodbydrin  cannot  be  dbtiUcd 
(Reboal,  Ann.  Chem.  Pkarm,  8uj>p,,  i.  224;  Heniy,  J>&ttt,  cAens.  Oes.  Ber,, 
iii.  351,  600), 

By  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  on  the 
mono-  and  dichlorhydrin  of  glycerin,  the  nitrates  C,HjCl(NOJ,  and 
C,H  jClj(NO,)  are  produced  ;  the  former  is  an  oily  liquid,  and  boils  at  180 — 1 90° 
(356** — 374^  F.),  but  with  partial  decomposition;  the  hitter,  which  is  also 
obtained  by  the  adMii  of  nitrio  acid  on  epichlorhydrin,  ia  not  rolatile  (Heniy, 
ibid.,  p.  347). 

By  heating  a  saturated  solution  of  hydriodic  acid  gas  in  glycerin  for  40 
hours  to  100°  (212"  F.),  and,  alter  removing  the  excess  of  acid  with  an  alkali, 
eortncting  the  product  with  ether.  Berthetot  and  Lucca  obtained  a  syrupy  sub- 
stance to  which  they  attribute  the  formula  C,Hj,IO, ;  this  may  perhaps  have 

been  the  impure  moniodhydrin  C,H,I(OIT)^.  By  heating  the  dichlorhydrin 
CH.,Cl-Cll(()II)  ('ll,('l  with  an  aqueous  solution  of  potassic  iodide  to  105" — 1  lo* 
(221" — 230  V.)  it  is  convert«'d  into  the  correspoTiding  diiodhvdrin ;  this  com- 
pound is  a  viscid  liquid  of  the  specidc  gravity  2*4  at  15^  (59°  F.),  almost 
insoluble  in  water,  and  decomposes  on  distillation.  It  solidifies  when  cooled 
to  about  —  20*  (  —  4^  F.)  (Clans,  ^»i>.  Chem.  Pharm.,  clxviii.  21).  Epichlor- 
hydrin may  in  a  similar  manner  be  converted  into  epiiodhydrin  by  heating  it 
with  dry  potassic  iodide  to  ioo°  (212°  F.)  ;  epiiodhydrin  is  a  colourless  mobile 
liquid  of  the  sm^cific  gravity  2*03  at  15°  (55°'4  i'-),  and  boils  at  about  160** 
(320**  F.)  (lieboul,  loc.  cit.). 

When  tabmitted  to  the  action  of  iodide  of  phospliorutj  or  of 
a  concentrated  solution  of  hydriodic  acid,  glycerin  yields  a  mix- 
ture of  ^lylic  and  isopropylic  iodides  with  propylene^  tbe  propor* 
tions  in  which  these  substances  are  formed  being  dependent  upon 
the  proportions  in  which  the  materials  are  employed:  allyiic 
iodide  being  chiefly  produced  if  the  glycerin  be  in  excess,  but 
isopropylic  iodide  if  the  acid  or  iodide  of  phorphorus  be  in 
excess*  (Erlenmeyer,  Ann,  Chem,  Pharm,,  cxxxix.  211).  The 


*  Aoeoffding  to  Oppenheim  1500  grama  of  glycerin,  1000  grama  of  iodine, 
and  600  of  phosphorus  furnish  on  an  aTerage  750  grama  of  allylie  iodide  boiling 
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precise  manner  in  wUch  the  allylic  iodide  is  fonned  has  yet  to 
be  ascertained;  probably,  triiodopropane  is  first  prodnced^  bat 
immediately  decomposes  into  allylic  iodide  and  iodine,  thus : 

CH,(OH)  CH^  CH, 


1  III 
CII(OII)    +    3HI   =    3H,0    +   CHI  =   CH  + 

CH,(OH)  CH^  CH,I 


CQrMriB.  THiodopcopciM.    AUjlie  lodldt. 

Tliis  reaction  is  obviously  rom})aruble  with  tliat  wliich  occurs 
on  atlciing  potassic  iodide  to  a  solution  of  (;uj)ric  sulpliatc,  cuprous 
and  not  cupric  iodide  being  obtained  in  consequence  of  the  de- 
composition of  the  latter  immediately  ou  formation : 

aCnSO^  +  4KI  =  CujI,  +  I,  +  aK^SO^. 

The  isopropylic  iodide  and  propylene  are  doubtless  both  pro- 
ducts of  secondary  action^  and  in  all  probability  are  formed  horn 
the  allylic  iodide  (pp.  161,  207). 

Glycerin  is  very  readily  oudised  to  carbonic  acid  and  water, 
bnt  when  carefully  oxidized  by  nitric  acid  it  yields  glyceric  scid 
(Debus)  and  apparently,  under  certain  conditions,  tartronic  add 
(Sadtler,  Dt^ut.  chem,  Ges,  B€r.,ym,  1456),  together  with  racemic, 
glycolic,  glyoxylic,  oxalic,  aud  formic  acids  (Heintz,  Ann,  Chem. 
Pharm.,  elii.  325). 

Tht;  relation  of  the  two  firBt-mentiotied  aoida  to  glycerin  ia  iDdicsted  by  tiis 


following  formula* : 

CU,(OH)  CH,(OH)  CO(OH) 

CH(OII)  CH(OH)  CH(OH) 

I  I  I 

CH,(OH)  CO(OH)  CO(OH) 

Oljearin*  Oljroerlc  •dd*  Twironir  acid. 


The  formation  of  racemic  acid  is  not  yet  satisfactorily  explained.    It  mi^ht 

ho  supi>o.-<H(l  that  it  is  formed  either  by  the  simultaneous  oxidation  of  jjljceric 
and  fonnio  acids  in  the  same  way  tiiat  benzoic  ueid  is  produced  by  OzidiUQg  I 
uiixiure  of  beuzoue  and  I'urmic  acids  (p.  260),  thus : 


at  98**— J103*'  C,  200  grams  of  a  mixtare  of  iaopropjiie  md  anylie  iodidsi 
boihiig  at  90° — 98°  C,  and  sufficient  propylone  to  combine  with  ab^jut  100 
grams  of  bromine.  For  a  description  of  the  method  of  preparin<;  allylic  iotiide 
from  glycerin  see  Clauj*,  Clu  m.  Pharm..  cxxxi.  58,  and  Oppenheim.  {hid. 

Supp.,  vi.  354;  the  b€Ht  method,  iiowever,  ofobtuiuing  it,  is  from  allylic  aicobol 
(p.  307),  as  it  ia  imponiible  entirely  to  separate  the  two  iodides  Igr  AieCieiial 
distillation.  The  preparation  of  iaopcopylio  iodido  is  described  in  Watti' 
IKotionary,  t.  890. 
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OOOH 

f^^«>  iH(OH) 

cam)  +  H.OOOH  +  (O+OHJ  «  ^^^^^j  +  aOH,i 

COOH  I 

COOH 

or  fmm  two  moleealM  of  g1  jooHe  aoid : 

CH,(OH).COOH  CH(OH).COOH 

+  (0  +  OHJ  =   I  +  20H^ 

CH,(OH).OOOH  CH(0H).C0OH 

H<  intz,  howevt'r,  failed  to  obtain  the  acid  in  this  manner ;  but  as  only  a 
ftingltt  experiment  to  test  each  of  thehe  explanations  was  made,  hin  want  of 
wioeeu  can  waroely  be  ngardad  aa  a  proof  that  racemic  acid  cannot  be  produced 
in  aooordanoB  with  «thar  of  the  raaetiona  espreeied  bj  theca  eqnationa,  aa 
donbtleM  special  conditions  are  requisite  for  its  formation  which  may  not  have 
been  secured.  It  is  possible  also  that  laoemie  acid  ia  a  direct  oxidation  pfodnct 
of  glyceric  acid  it^lf; 


CH|(OH).CH(OU).COOH  CH(OH).COOH 

+  5(0  +  OU,)  -  I  +  aCO,  +  80H, 

CH/OH).CH(OH).OOOH  CH(0H).00OH 


A  possible,  although  perhaps  not  very  probable,  explanation  is  that  it  is  derived 
from  a  foreign  substance  present  in  the  glycerin. 

When  i^yoerin  is  gently  heated  with  potaaric  hydrate,  it  is 
converted  into  potassic  acetate  and  formate,  with  e?olntion  of 
hydrogen. 

On  distillation  with  phosphoric  anhydride,  or  hydric  potassic 
sulphate,  it  yields  acrylic  aldehyde  or  acrolein,  Cgll^O. 

According  to  Clans  (Bm/.  ehem,  Gef.  Ber,,  ix.  695),  when  a ' 
pasty  mixture  of  glycerin  and  sine  dust  is  submitted  to  distilla- 
tiou,  a  mixture  of  propylene  and  hydrogen  gas  is  erolved,  from  30 
to  45  litres  of  ^as,  about  half  consistiug  of  propyleue,  being 
obtained  from  1  co  •^rama  of  glycerin. 

A  number  of  experiments  have  been  made  as  to  the  power  of 
glycerin  to  undergo  fermentation. 

It  WHS  first  noticed  by  Re<ltt>nbacher  in  1846  that,  when  a  dilnte  aqueous 
solution  of  glycerin,  mixed  with  watihed  beer  yea.st,  was  exposed  to  the  air  at  a 
temj^erature  of  20° — 30"  (68® — 86°  F.),  the  liquid  after  a  time  became  acid  and 
gas  was  slowly  evolved,  the  yeast  partly  rising  to  the  surlace  and  growing 
monldy.  The  acid  was  neutraliaed  from  time  to  time  by  aodio  carbonate,  the 
yeaet  distribiiled  throogb  the  hqnid  by  stirring,  and  fresh  water  added  to 
replace  that  lost  by  evaporation  ;  when  the  solution  no  longer  became  acid  on 
standing,  it  was  acidified  with  sulphuric  acid  and  distiUiHl.  From  the  acid 
distillate  a  silver  salt  was  prepared  having  all  the  proi>erties  and  the  com|K).sition 
of  tliat  of  propionic  acid,  C,U,0^,  and  the  mother  liquor  from  this  xalt  deposited 
erjstali  whieli  Bedtenbadier  regarded  as  a  doable  salt  of  argsntie  aostato  and 
propionato  (Amm,  Ctem.  Pkarm.,  IriL  174). 
8  M  N 
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Bertbelot,  in  1856,  stated  thHt  a  solution  of  gljccrin  nndeii^oes  fermentatioa 

in  presence  of  chalk  and  cat^ein,  or  other  animal  8ubi$tance«,  at  a  temperature  of 
about  40"  (104°  F.),  a  small  qnautity  of  altohol  bcinj^  pr<  fluced.  According  to 
l!<'tli;iiini  {(uiiij>(.  litud.,  Ixix.  66(;)  however,  tin*  product  i.s  more  complex  :  for  on 
ejipoi^iiig  iiiixlures  of  250  grums  glycerin  dissolved  in  3000  granu  of  water, 
12^  grama  of  chalk,  and  30  grama  of  chopped  mntton,  to  »  temperature  of 
35  — 40"  (95"— 104°  F.)  for  eight  raonth.s,  he  obtained  as  the  ferroenUitjoa 
product  of  about  450  gran.s  of  gl^yccrin  no  less  than  148  grains  of  anhydrom 
alcohol  mixtd  with  higher  honiolo«;ues,  and  132  ijrams  of  a  mixture  of  acids; 
the  acids  were  not  bpecially  idenliiied,  but  from  the  boiling  points  (>b.-<ervc»l  on 
distilling  the  mixture,  B^champ oonaidered  that  acetic,  propionic,  butyric,  valeric, 
and  capronte  acida  are  formed. 

Horace  Brown  (private  conmwneatiov)  finds  tliat  although  fisTmeotatioa 
takes  place  w  hen  a  solution  of  commercial  glycerin  is  mixed  with  beer  yea.^t  and 
chalk,  it  very  soon  ceases,  and  cannct  again  Ix-  excited  by  the  addition  of  more 
yeast.  From  this  observation,  it  appear»  not  iniprubable  that  ordinary  glyceriu 
contains  ft  small  quantity  ol  ft  fermentable  svbstance — ^ft  supposition  whidi 
derires  support  from  the  ftet  that,  aeoording  to  Boos  {Jomm,  Chem,  8oe^ 
1876,  i.  651),  ^ttrc  glycerin  in  contact  with  wash*  >1  <  I  rman  yeapt  undergoes  no 
change.  Fitz  also  btates  that  glycerin  doej»  not  undergo  change  in  contact 
with  ferments  whieh  extite  alcoholic  lermcnlalion  {^Dtiit.  clum.  (icf.  Brr.,  ix. 
1348),  but  he  has  luund  that  it  rapidly  Icrments  in  contact  with  a  species  of 
hacUrium,  which  he  has  not  yet  deaoribed.  Fits  employs  a  mixture  of  2000 
pta.  water,  100  pta.  glycerin,  i  pt.  potaasic  phosphate,  '5  pt  magnesic  sulpbatib 
20*0  pts.  calcic  carbonate,  and  2  0  pts.  pepsin,  to  which  a  trace  of  the  ferment  is 
added,  exj>osing  it  to  a  temperature  of  about  40°  (104**  F.).  Vigoroua  femMB- 
talion  set.N  ill  within  two  days  at  latest,  and  is  complete  in  ten  days,  carbonic 
anhydride  and  hydrogen  gaaes  being  evolved ;  on  di^lilling  the  iiijuid,  kc,  & 
product  is  obtained  consisting  of  ethjlio  and  normal  primary  butylic  alcohol  in 
the  proportion  of  about  1  :  5,  and  from  tlie  ri.MUue  in  tiie  retort,  normal  butyric 
acid  containing  a  small  quantity  of  caproic  acid  is  liberated  on  di.-'tillation  with 
liydroeliloric  acid.  In  this  manner  J'"  grains  of  butylic  alcohol  and  I  2"3  granw 
ot  anhydniUrt  calcic  butyrate  were  obtained  from  1 00  ;^ramti  ol"  glycerin,  so  that 
the  iermentatiou  of  glycerin  al^Mrds  ft  ready  means  of  preparing  normal  but^uc 
alcohol. 

(1531)  Pol^lyceric  AlcohoU. — Tliese  compounds  are  related  to  glycerin 
in  the  same  way  that  tiie  polyethylenic  alcohols  (p.  512)  are  related  to  glycel. 
They  are  obtained  by  heating  glycerin  with  its  monoeliloi  hydrin,  and  apparently 
are  products  of  the  decomposition  of  glycerin  by  heat.  To  prepare  them,giycerin 
diluted  with  one-third  its  bulk  of  water  is  saturated  at  xoo*"  (212"  F.)  with 
hydrochloric  acid  gas,  a  quantity  of  glycerin  equal  to  that  at  first  taken  is  added, 
and  the  mixture  heated  to  130°  (266"  F.)  in  a  flask  attached  to  a  revened  con- 
denser for  12  to  15  hours  ;  (vn  distilling,  walor  ai.d  hydrochloric  ai  id  pas!<  over  until 
the  temi)eruture  rises  to  150^  (302  F. ),  then  between  150°  and  275"  (302^  ai:J 
527**  F.),  a  mixture  of  dichlorhydrin  and  of  tjie  mono-  and  dicliiuriiyiirins  of 
diglycerio  alcohol.  By  distilling  the  residue  under  *  pre«wure  of  10  mm.  of 
mercury,  it  is  separated  into  a  portion  boiling  at  220**~230*  (428^ — 44^^  F-)' 
and  another  boiling  at  275**— 285*  (527°— 545"  F.),— which  constitute  re- 
si)ictively  (//^/yrft-fc  and  iruj^yctrtc  alcohol,  C  Hj^O^  and  C^H^O.— having  a 
ri.->idne  consisting  of  still  more  comjilex  snbstanees.  Dighceric  alcohol  is  very 
vi^cid,  insoluble  in  ether,  soluble  in  hut  but  spaiingly  solnble  in  cold  water,  and 
is  diMolved  by  alcohol  in  all  pr(iix)rtions ;  triglyceiic  alcohol  is  ft  similar  but 
still  more  viscid  body  (Louren^o,  Com^L  Bend,,  Hi,  359). 
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(1532)  Ami/lie  glgeercl:^  CJEI,(OH) , — This  compoand  \m  prepared  by 
Bauer  by  the  following  scries  of  reactions  {  Jalirfsh.,  1861,  p.  Atnylcnic 
bromide,  C^Hj^jBr,  (prepared  doubtless  from  the  crude  ainylene  Iroui  I'eruientatiou 
amy  lie  alcohol  and  zinc  chloride),  waii  converted  into  broutauiylene,  C^H^Br,  by 
the  action  of  ui  alooholio  solutioii  of  pota«NC  hjdrmte,  and  the  Utter  oompoaikL 
converted  into  the  tribromide  C^,Br,  by  treatment  with  bromine ;  by  heating 
the  tribriuuide  with  an  alcolinlic  solution  of  argentic  acetate,  the  diacetate 
CjH,Ijr(CjHjOj),^  was  obtained,  which  was  then  converted  by  saponification  into 
the  bromoglycoi  Cjli,Br(uH), ;  Hnully,  an  ethereid  solution  of  this  compound 
waa  heated  with  poUuisic  hydrate  in  clut»ed  tubes  on  the  water  bath.  Amyl- 
glyewol  19  stated  to  be  a  Tiscid  Bubelanoe,  aoluble  in  wator,  and  having  a  aweet 
amnatic  taste. 

§  X.  Trihydkic  Alcouols  of  the  C,^H2b.8(OU]j  Series. 

(1533)  series  includes  the  folloiriiig  alcohols  : 

Pyrogallol  or  (?)  metatriozybensene    .    -    •  1    jj  /qjj) 
Phioroglacol  or  (P)  paratriozybenaeoe  .    .   .  j  * 

DimethylmetafarioxybeMene  CJI(CH,\(OH), 

Phenyl-lycerol  CJ  l,.tV  H,(<  >H), 

Pn.pyliuethylmetatrioxybenzene     ....    (\H..t'J  1(C'H  J(OH),. 

(1534)  Pykogallol;  Pyrof/aUic  Add :  CgllJOIl),.  (?)  Meia- 
trioTiibciizene  (Oil  :  Oil  :  OH  ss  i  :  2  :  4). — This  compound 
is  the  product  of  the  decomposition  of  gallic  acid  by  heat: 
C,It,{OH),.COOH  =  C,H,(OH),  +  CO,. 

It  may  be  obtained  by  beating  a  dried  aqueoos  extract  of  galls  in  a  shallow 

pan  covered  with  a  shot  t  of  tilteA'ing  papn  ,  ovt  r  which  a  isone  of  ordinary  paper 
is  pasted,  iho  temperature  bein;^  maintained  as  nearl}'  as  possible  at  almut 
180"^  (35^^°  ^  )  ^''"*  sfveral  hours  ;  a  yield  of  about  5  per  cent,  if  thus  obtained. 
According  to  Liebig  {Ann.  Chem.  Pharm  ,  ci.  47),  the  best  method  of  prepar- 
ing it  is  to  heat  gallic  add  mixed  with  twice  its  weight  of  coarsely  powdered 
pnmicein  a  retort  tlironuh  u  hic  h  a  current  of  dry  carbonic  anhydride  is  passed  : 
30  to  32  parts  of  pyrogallol  are  in  thia  way  obtained  for  every  100  parts  of  gallic 
acid  employed.     De  Luynes  ami  Esperandieu,  however,  state  that  the  theoretical 
amount  of  pyrogallol  may  be  obtained  I'rom  gallic  acid  by  heating  it  wiih  twice 
or  thrice  its  wright  of  water  to  200° — 210°  (jyi""— 410"  F.)  in  a  bronxe 
Papin's  digestor  for  abont  half  an  boor ;  the  solution  from  the  dtgestor  is  boiled 
with  a  little  animal  charcoal,  evaporated  to  dryness,  and  tbe  residue  distilled 
voder  a  pressure  of  20 — 30  mm.  of  mercury  {Hi'f  .  cxxxviii.  60). 

By  heating  dii()(!()sali<'ylie  acid,  C^H^I .  lUllj.rOOjl,  with  a  very  co)ic<'iitrated 
aqueous  solution  of  putas.sic  hydrate,  Luuteniann  (ibid.t  cxx.  299)  obtained  a 
prodoet  which  he  regarded  as  a  mixture  of  gallic  acid  and  pyrogallol,  and  by 
subliming  this  he  obtained  a  subbtanoe  exhibiting  all  the  properties  of  pyrogallol, 
bat  the  quantity  was  too  small  for  analysis.  From  Demole's  experiments  {Deut. 
chem,  Qti,  JBSm*.,  rit  1439),     appears  that  Lautemann's  diiodo-add  (m.p. 

*  The  termination  ol  may  conveniently  be  employed  for  alcohols  generally, 
and  its  use  ivatricted  to  alcohols.  Further,  just  as  the  homok^ineB  of  methylie 
alcohol  and  monohydric  alcohols  having  similar  properties  are  termed  earbtnoh^ 

and  dihydric  ;iliohols  alli  d  to  g!y<ol  are  termed  glycols,  so  we  may  term 
tribydric  alcohols  related  to  glyc^jrul  {;,'lycerin)  p!i/'-rr<ifs,  tetrahydrio  alcohols 
roiiembiing  erytlirol  (erythrite)  in  their  properties  erj^thruUt  &c.  &c. — [Eds.] 
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212°  C.)  wa»  impure,  and  according  to  tliis  chemist  the  purified  aoiJ  nieltinsr  at 
220° — 230°  (428'— 446°  F.)  doe»  not  yield  gallic  acid  or  pyro^'allol  on  treat- 
ment with  poUuibic  hytiiute,  but  a  mixture  of  the  two  dioxybeuzoic  adds— 
ozysalicylM  Mid  and  pvotocatechoie  and. 

According  to  Petersen  and  Baebr-Predari  {A?in.  Chein.  Pharm., 
rlvii.  136),  pyrogallol  is  formed  on  beating  tbe  potassium  salt 
of  paraebloropbeuolortliosul])bonic  acid,  CgHjCl(OH).SOjH,  with 
potassic  bydratc  at  about  160°  (320°  F.)  &c. 

Pyrogallol  crystalbzes  in  long,  colourless,  flattened  prisms, 
bitter  to  tbe  taste,  soluble  in  2^  pts.  of  water  at  12°  (53°'6  F.)  ; 
it  melts  at  1 15°  (239°  F.),  and  may  readily  be  distilled  under  re- 
duced pressure.  On  beating  to  about  250°  (482*^  F.)  it  loses  tbe  ele- 
ments of  water  and  is  converted  into  tbe  so-called  mctagaliic  acid,  a 
black  amorphous  substance,  insoluble  in  water  but  soluble  in  alkalies. 

When  passed  over  beated  zinc  dust,  pyrogallol  is  redi^ped  to 
benzene  (Baeyer).  Pyrogallol  bas  very  feeble  acid  properties,  its 
solation  being  rendered  alkaline  by  the  addition  of  the  smallest 
quantity  of  an  alkali.  On  passing  ammonia  into  an  ethereal  sola* 
tion  of  pyrogallol,  a  white  crystalline  precipitate  of  the  ainmo- 
nium  derivatiYe  CfH,(OH)2(ONH^  is  produced  (De  Luynes  and 
Dsperandieu) ;  an  aqueous  solution  acidulated  irith  acetic  acid 
yields  a  precipitate  on  the  addition  of  plumbic  acetate  whii^, 
after  drying  first  over  sulphuric  add,  and  then  at  120^  F.) 
in  a  current  of  dry  hydrogen,  has  the  composition  Cj^U^oPbOg, 
(C^H^Oj^s^b  (Deering,  Chem,  Soe,  Jcwm,,  zxvi.  702) ;  the  anti- 
mony deriTative  C|,H3(OH)2(O.SbO)  separates  in  glistening  plates 
on  adding  a  moderately  concentrated  solution  of  pyrogallol  to  a 
boiling  solution  of  tartar  emetic.  Pyrogallol  dissolves  in  aoetie 
chloride,  being  converted  into  the  triacetate  0^113(0211,502)3  j  this 
compound  forms  small  wbite  CQ'stals  almost  insoluble  in  cold 
water,  but  soluhk-  in  alcohol. 

^\  licn  bromine  is  added  to  an  aqueous  solution  of  pyrogallol, 
it  is  oxidized,  but  tbe  nature  of  tbe  reaction  bas  not  yet  been  inves- 
tigated. On  adding  dry  bromine  to  dry  pyrogallol,  or  to  its 
solution  in  glacial  acetic  acid,  however,  it  is  converted  into  /ri- 
bromopyroyullol,  CgBr3(OII)3.  This  compound  is  ven,-  sparingly 
soluble  in  cold  water,  more  soluble  in  bot  water,  but  is  decum- 
ix)sed  by  long  boiling;  it  crystallizes  from  akobol  in  large  })risni9 
containing  a  molecule  of  water.  On  treatment  witb  bromine  in 
presence  of  water  it  is  converted  into  a  yellow  crystalline  sub- 
stance, ^an^Ao^a/^/,  CigU^Bri^O^  of  unknown  constitution  (Stcn* 
house,  Chem.  Soc.  Jovrn.,  xxviii.  1).  Neither  nitro-  nor  cbloro- 
deriTatives  of  pyrogallol  are  known,  but  by  the  action  of  chlorine 
on  a  solution  of  pyrogallol  in  glacial  acetic  acid,  two  complex 
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704).  By  warmiug  pyrogallol  with  aiihydrosulphuric  acid  it  is 
converted  into  the  monosul phonic  acid  CgHoCOHI^.SOgH  (Schiff, 
£>('ut.  cheni.  Ges.  Ber.,  v.  663 — 1055) ;  according  to  Pci-sonne 
(ibid.f  vi.  1419),  pyrogallol  furnislies  a  disulphonic  acid  on  treat- 
ment with  concentrated  siilpliuric  acid. 

Pyrogallol  is  very  readily  oxidized,  and  altliouij^h  tlie  dry  sub- 
stance does  not  change  when  exposed  to  the  air^  its  solution 
absorbs  oxygea^  turning  brown ;  an  aqueous  solution  of  potassic 
hydrate  and  pyrogallol  absorbs  oxygen  with  such  avidity  that  it  is 
often  employed  for  removing  that  element  from  gaseous  mixtures. 
Calvert,  Cloez,  and  Boussingault  {Ann,  Chem,  Pharm,,  cxxx.  248) 
Lave  shown  that  in  the  oxidation  of  an  alkaline  solution  of  pyio- 
gallol  a  small  quantity  (from  i  to  nearly  4  percent,  of  the  oxygen 
abeorbed)  of  carbonic  oxide  gas  is  produced,  the  amount  depending 
upon  the  concentration  and  the  intensity  of  the  action :  more 
being  formed  when  pure  oxygen  is  employed  than  when  it  is  mixed 
with  an  indifiSerent  gas.  By  the  continued  action  of  oxygen  or 
osone  on  the  alkaline  liquid,  the  dark  colour  after  a  time  becomes 
reddish-yellow  and  then  ydlow ;  Boeke  {Deui,  ekem.  Oes,  Ber,, 
TL  486)  has  found  that  if  a  solution  of  10  grams  of  pyrogallol 
^3*33  gf&ms  of  potassic  hydrate  be  submitted  in  small  por- 
tions to  the  action  of  a  stream  of  ozonised  oxygen  until  it  becomes 
reddish-yellow — an  operation  which  requires  several  weeks — a 
strongly  alkaline  liquid  is  obtained,  which  evolves  carbonic  anhy- 
dride on  the  addition  of  acetic  acid,  the  amount  of  acetic  acid 
required  to  neutralize  it  indicating  that  the  acid  formed  is  suffi- 
cient to  neutralize  two-thirds  of  tlie  potassic  hydrate  employed. 
On  the  addition  of  plumbic  acetate  to  the  slightly  acid  solution 
a  precipitate  was  produced  from  which  he  obtained  a  crystalline 
acid  of  the  composition  CgHgO-.  Wlien  a  solution  of  j)yrogallol 
is  cautif)nsly  treated  with  argentic  nitrate,  potassic  pcrraiuigauate, 
or  chromic  acid,  orange-red  flocks  arc  obtained,  which  on  crystal- 
lization from  alcohol,  or  sublimation,  yield  deep  red  needles  of 
purpurogallin  or  oxypyrogalloquinone  (Girard,  Compt.  Rend.,  Ixix. 
865;  Wichelhaus,  Deu^.  cAm.  Ges,  Ber,,  v.  846;  Struve, 
CAm.  Pharm.f  clxiii.  160).  This  substance  dyes  mordanted 
fabrics  somewhat  like  alizarin,  but  the  colours  are  dull ;  its  rela- 
tion to  qninonc  and  to  pyrogallol  is  indicated  by  the  formula 


Nitric  acid   cou  verts  pyrogallol 


into  oxalic  wad. 
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Pjrogallol  reduces  tlie  salts  of  gold  and  silver^  and  on  tliis 
account  is  exteDsivdy  employed  in  photographic  operations  for 
the  purpose  of  develop  lug  the  latent  image  on  the  argeutiferous 
collodion  film  after  it  has  been  exposed  to  the  action  of  light. 
With  a  solution  of  ferrous  containing  traces  of  ferric  sulphate,  it 
gives  a  characteristic  iudigo  blue  colour,  which  rapidly  becomes 
green  and  tlien  red.  When  a  solution  of  pyrogallol  is  added  to 
milk  of  Viinc,  a  beautiful  purple  colour  is  produced,  which  soou 
becomes  of  a  dirty  brown,  forming  a  delicate  and  characteristic 
test  for  the  ])rcsencc  of  pyrogallol. 

(1535)  PuLoKooLrcoL ;  Pliloroglucin  :  CfiJiOYI^y  (?)  Para- 
trioj yht'iizime  (OH  :  OH  :  OH  =  1:3:  5). — This  isomeride  of 
pyrogallol  is  formed  by  the  action  of  fused  potassic  hydrate  on  a 
great  variety  of  substances,  amongst  which  may  be  mentioned 
phloretin,  qucrcetin,  moritannie  acid,  horse  chestnut  tannin, 
catechin,  scoparin,  luteolin,  dragon^s  blood  and  gamboge.  It  was 
first  obtained  by  Hiasiwetz  in  1855  ^^^^  phlorctia ;  according  to 
Schiff  {Ann,  Chem,  Pharm.,  dxzii.  356),  it  is  best  prepar^  from 
this  compound  in  the  following  manner : 

Twenty  gnunii  of  phloretin  and  150  oc.  of  a  solation  of  potassic  hydrate  of  the 
■pedfio  gravity  i  *20  are  heated  in  a  flask  attached  to  a  rerenied  oondeniier  for  about 
three  hours;  the  cooled  liqoid  is  then  poured  into  a  litre  cylinder  in  which  all 
the  remaining'  operations  are  effected.  It  is  exactly  neutralized  with  sulphuric 
acid,  a  very  flif,'ht  excess  of  eodic  bicarbonate  is  adiU'd.  and  the  pliloroglacol 
extracted  by  agitating  the  solution  viith  an  equal  vuluaie  ot  tlber,  the  extraction 
with  ether  being  repeated  four  time«.  If  an  excess  of  sulphnrie  add  ba  then 
added,  the  pbloretio  add,  which  is  the  complementary  prodoot  of  the  aetaon  of 
the  alkali  on  phloretin,  may  be  extracted  in  a  siuiilar  manner. 

On  distilling  off  the  other,  nearly  colourless  phloroglucin  remains  ;  it  may  be 
decolorized  and  puriliid  hy  di<<Rolving  in  water,  and  addiiii;  a  nuiHll  (juantity 
of  plumbic  acetate,  and  pahsing  sulphuretted  hydrogen  tbruu;;h  the  solution; 
it  is  then  eztraoted  by  ether,  and  reoiTttidtiaed  fiom  ether  or  water. 

Tlic  best  material  for  the  preparation  of  phloroglucol^  accord- 
ing  to  Hiasiwetz  {ibid,,  cxxxiv.  122),  is  kino,  100  grams  (?  1000 
grams)  of  which  gave  9a  grams  of  phloroglucin. 

It  separates  from  its  aqueous  solution  in  large  trimetrie 
prisms  of  the  composition  C^HgO^  lOU^  which  effloresce  in  dry 
air  and  are  rendered  anhydrous  hy  heating  to  90^  (194^  F.) ;  the 
anhydrous  substance  melts  at  about  220^  (428°  V.),  and  may  be 
aublimed  at  a  higher  temperature  without  decomposition.  It 
has  a  sweeter  taste  than  cane  augar^  and  is  readily  soluble  in  ether, 
less  so  in  water  or  alcohol.  On  mixing  an  alcoholic  solution  of 
potassic  hydrate  with  a  concentrated  alcoholic  solution  of  phloro- 
glucol^  a  potassium  derivatiTe  separates  as  an  oily  mass^  whidi 
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becomes  crystalline  after  a  time ;  its  composition  has  not  yet 
been  ascertained.  Basic  plumbic  acetate  produces  a  white  pre- 
cipitate of  the  composition  CQll3(OH)(O.PbOH),  in  solutions  of 
phlorogluooL  Acetic  and  benzoic  chlorides  readily  act  on  it, 
formiug  the  compounds  CgHj(C8HjOj)3,  and  CJl^iC^Ufi^)^.  It 
dissolves  in  ammonia  solution,  and  if  the  liquid  be  allowed  to 
evaporate  spontaneously,  glistening^  crystals  of  phlnramme, 
CjHj(OH)o(NH^),  arc  obtained  ;  the  same  compound  is  formed 
by  the  action  of  gaseous  ammonia.  On  adding  bromine  to  a 
concentrated  aqueous  solution  of  pbloroglucol,  the  iribroino-dcri- 
vative  CgBr.^fOH)^  separates  as  a  crystalline  pulp;  it  is  very 
sli^btlj  sulublc  in  cold  water,  easily  in  alcohol,  crystallizing  from 
the  latter  in  long  prisms  of  the  compositions  CgHglir.^O.p^OIIj, 
whieli  lose  their  water  of  crystallization  at  ioo°  (212°  F.).  On 
passin;^  chlorine  into  a  cold  aqueous  solution  of  phloroglucol, 
dtchloracHic  acid  is  obtained  (Uiasiwetz  and  Uabermann,  %bid,» 
civ.  132)  : 

CjyOH)^  +  6Clj  +  3OII3  =  3CHCI,  COOH  +  6HC1. 
Nitric  acid  acts  violently  on  phloroglucol  and  readily  converts  it 
into  oxalic  acid,  but  by  gradually  adding  it  to  the  somewhat 
dilute  slightly  warmed  acid,  it  is  converted  into  trinitropfUoro- 
glucolf  QJ^O^.J^OW).^ ;  it  crystallizes  from  water,  in  which  it  is  only 
slightly  soluble  when  cold,  in  reddish-yellow  glistening  scales  and 
plates  (Hlasiweti,  ibid.,  cxii.  199).  Phloroglucol  is  readily  con- 
verted by  wanning  with  phosphoric  oxychloride  into  phloroglucid 
CuH,gO|  (Schiff,  ihid,,  dxxii.  358) ;  this  compound  crystallises 
with  two  molecules  of  water  in  colourless  scales,  slightly  soluble 
ia  warm  water  and  in  alcohol,  insoluble  in  ether  (Hlasiwets). 
Phloroglucol  is  converted  into  a  crystalline  monosulphonic  add 
by  the  action  of  the  theoretical  amount  of  anhydrosulphuric 
acid  (Schiff,  Deut,  chm-  Get,  Bar,,  vi.  26). 

Phloroglucol  reduces  argentic  nitrate,  especially  if  ammonia 
be  added,  and  also  an  alkaline  cupric  solution ;  it  gives  a  deep 
▼iolet-ied  coloration  with  ferric  chloride.  By  the  action  of 
nitrous  acid  it  is  converted  into  phlore'in,  CjoHgOg,  which  dissolves 
in  alkalies  fornun{j;  a  deep  purple  coloured  solution  (Benedikt, 
Deut.  chein.  Ges.  Ber.,  vii.  445).  When  dilute  solutions  of 
phloroglucol  and  of  aniline  or  toluidiue  nitrate  are  mixed,  and  a 
solution  of  poiassie  nitrate  is  added,  the  liquid  which  is  at  first 
clear  becomes  after  a  time  turbid  and  of  a  brownish -yellow 
colour,  then  orange-red,  and  finally  a  vermilion-red  preeij)itate 
is  produced  (Wesclsky,  ibid.,  ix.  216).  This  reaction  atibrds  an 
e&trcmely  delicate  test  ibr  phloroglucoL 
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Constitution  of  pt/rogallol  and  phlorogUicuL — Althnu;;1i  at  pre-ent  no 
direct  proof  of  the  constitutiou  of  these  coiupoundB  can  he  advaua'd,  there  is 
litde  doabfc  th«t  thdr  xdatum  to  benzene  may  be  exprened  in  the  Mowinip 

OH 
OH 

nBturhnjlMOSHM.  pmtrtoiybeiiMBt. 

Perhaps  the  most  conclusive  evidence  in  favour  of  the  assumption  that  pjro- 
gallol  i«  metatrioxybenzene  u  derived  from  its  behaviour  on  add^km,  wberaby 
it  is  converted  into  a  quinone  derivative.    This  oonchision  is  also  in  asaotdaiies 

with  '\U  formation  from  gallic  acid  (q.T.),  and  from  parachloroplienolortllosil]« 
phonic  acid  (p.  548),  althouj^li  on  account  of  the  frequent  occurrence  of  isomeric 
change  on  fnsin;,'  oonifKXinds  with  potassic  hydrate*,  no  threat  wei-;^}!!  can  W  at- 
tached to  this  evidence.  No  proof  \\&&  yet  been  given  even  tliat  phloroglucol  is 
derived  from  beoeienat  but  Kdnier  {QtmeUa  eAUuea  UaUana,  1S74,  iv.  42$)* 
inoidentallj  refers  to  tiie  fonnstion  of  phlorogluool  derivatives  from  the  nitro- 
derivattves  of  paratribromobensene,  and  the  entire  behaviour  of  phK:)roglucol  is  in 
accordance  with  the  .assumption  that  it  is  ]>aratrioxyhonzone.  Its  conversion 
into  dichloracetic  acid  hy  the  action  of  chlorine  in  presence  of  water  is  obviously 
analogous  to  that  of  the  para-modiiication  of  trimethylbeuzene, — mesitylene,  into 
acetic  acid  on  oddatkm  (p.  288),  end  may  be  regarded  as  evidence  that  it  is  a 
member  of  the  same  series  of  derivatives  as  mesitylene. 

(1536)  Dimethylmetatrioxyhpnzene ;  Trtoxt/metaxylene :  C^H{CHj).{OH)j. 
— Tliirt  compound  is  obtained  by  the  action  of  a  warm  aqueous  solution  of  sul- 
phurous acid  on  oxymetaxyloquinone  (q  v.),  Cjll(CHJj(Oll)0j.  It  separates 
from  an  aqueous  solution  in  largu  tabular  crystals,  containing  a  molecule  of  water 
of  crystallization,  which  is  expelled  by  heating  to  80'  (176^  F.);  the  hydrated 
substance  melts  at  Sq**  (i92''-2  F.),  but  when  anhydrous  it  melts  at 
122**  (25i°*6  F  ).  It  i.^  moderately  soluble  in  cold,  and  very  soluble  in  hot 
water;  oxidizinj,'  a<jeiits  very  readily  reconvert  it  into  the  quinone,  and  on  . 
allowing  the  aqueous  solution  to  evaporate  spontaneously  the  dark  coloured 
quinbydrone  is  fiirmed.  When  distilled  over  hsatsd  sine  dnst  it  is  rednoed  to 
metaxylene^  C,H^(OH,)^  Aeetie  chloride  convevta  it  into  the  diaoetate 
C,II(CH,),(C,H,0,),,  which  crystallizes  from  alcohol  in  large  glistening  prisms, 
insoluble  in  water,  but  very  soluble  in  hot  alcohol;  it  melts  at  99° (310°' 2 F.). 
(Fittig  and  Sie|h'rmann,  Ann.  Chem.  P/iarin. ,  chxx.  37). 

(1537)  I'^icnj/lgljfcerol:  C  H,.CH(0H).CH(01i).CH^(0H).— This  alcohol 
is  obtainsd  by  heating  the  bromide  formed  by  combiniug  cinnamic  akobol  with 
bromine  (p.  395)  wit£  water  and  argentic  acetate  tn  open  vessels  for  for^>e^A 
hours;  the  solution  freed  from  silver  by  enlphnxetted  hydrogen,  concentrated,  and 
then  exposed  in  vacuo  over  sulphuric  acid  leaves  the  phenyl  glycerol  as  a  pale 
yellow  gummy  ma^s,  excessively  soluble  in  water  and  alcohol,  of  a  distinct  bitter 
taste  (Griraaux,  CompL  Rend.,  Ixxvi.  1598). 

(1538)  Propylmea^m«tatruM[ybeim»§ :  C,II,«Xyi(Cig(OH),.  —  Thia 
irioxycy incite  appears  to  be  formed  on  treating  oj^Uiymoqninone  wiUi  tin  and 
hydro(  hloric  acid;  it  is  very  readily  reconverted  into  the  oxyquinone  onezpoenre 
of  its  solution  to  the  air  (rarstanjea,  Journ.  pr,  Chem.  [2],  iii.  61). 

^1539)  2yiQj:j/Ha£iUiMlvM  i  C|,H^(OU;^  is  formed  in  a  similar  manner 
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from  oxynaphthaqainonfl  (q.T.) ;  ifc  crysiAiliz<>8  in  yellov  ntedlet.  lew  whiUe  in 
water  th«a  in  alcohol  or  ethar.    It  m  very  readily  oxidiaed,  and  therefore  acta 

aa  a  powerful  rednciog  agent;  an  alkaline  Holution  becomes  red  on  exposure  to 

the  air,  absorbing  oxygon,  the  metallic  derivative  of  the  oxyquinone  being  formed 
(oomp.  p.  499  i  Giaebe  and  iiudwig,  Ann.  CJkem.  JPkarm.,  div.  324). 

§  XI.  Tetr4Htdbic  Alcohols. — ^Alcohols  of  tbb 
C„n,^_2(0H)^  Sbbibs. 

At  present  only  two  tetrahydric  alcohols  are  known — viz., 
eiythrol  or  eiythntej  the  tetrahydroxyl  derivative  of  the  paraffin 
normal  tetrane^  and  naphtherythrol>  C,oHg(OU)4. 

(1540)  Ebythrol  or  Erythrite  ;  Erythromannite  or  Phycite  : 
C4Hj(0H^  or  CH3(OH).CH(OH).CH(OH).CH^OH).— Thia  sub- 
stance  exists  ready  formed  in  the  alga  protoeoceui  vulgaris,  and 
may  also  be  obtained  from  the  orselUnates  of  erythrite,  picro- 
ery  thrin  or  erythrin,  the  latter  of  which  oocnrs  in  some  species  of 
orcheUa  weed,  such  as  Roccella  imetoria  and  R,  Jucifbrmu, 

It  is  prepared  from  erythrin  by  boiling  it  with  water  and  exoess  of  Hme  in 
tiw  manner  already  deeeribed  when  treating  of  the  preparatioa  of  oroin  (p.  528V 

After  the  solution  has  been  neutralized  and  evaporated  to  dryness  at 
100'  (212°  F.),  the  solid  mixture  of  orcin  and  erythrite  is  broken  up  and  treated 
with  strong  alcohol,  which  readily  dissolves  tht?  oroin,  but  leaves  the  erytlirite, 
the  latter  being  but  slightly  soluble  in  alcohol.  The  impure  erythrite  (»n 
readily  be  obtained  pnxe  and  oolourlees  by  two  or  three  crystalliiationt  from 
bmling  water,  with  the  addition  of  soma  animal  eharooaL 

It  crystallizes  in  large  colourless  quadratic  prisms,  which 
are  insoluble  in  ether,  but  dissolve  very  readily  in  water,  and 
sparingly  in  cold  alcohol  ;  it  melts  at  120°  (248°  F.),  but  cannot 
be  distilled  without  undergoing  decomposition;  erythrol  docs  not 
reduce  alkaline  solutions  of  eupric  salts,  and  is  not  fenucutable 
by  yeast.  It  possesses  but  a  feebly  sweet  taste.  It  is  dissolved  by 
concentrated  nitric  acid,  being  converted  into  the  nitrate 
C^Hg(N03)p  which  may  be  separated  by  the  addition  of  concen- 
trated sulphuric  acid,  and  purihcd  by  washing  with  cold  water, 
and  crystallization  from  alcohol ;  it  forms  lai^e  shining  colour- 
less lanunsB,  which  melt  at  61°  (141^*8  F.),  and  detonate  by  per- 
cussion or  when  heated.  When  treated  with  ammonio  sulphide, 
erythrol  is  regenerated.  By  heating  erythxol  with  concentrated 
hydrochloric  or  hydrobromic  acid  to  100—110°  (212° — 230° 
H  is  converted  into  the  compounds  C4HfC],(0H)|  and 
C^HfBr,(OH),.  The  dichlorhydrin  forms  colourless  crystals, 
very  soluble  in  water,  which  melt  at  14^(993^  F*)  (De  Lnynes) ; 
on  treatment  with  a  mixture  of  concentrated  nitric  and  snl* 
pbnric  adds  it  yields  the  dinitrate  C.HgClglNOs)^,  which  melts 
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at  60**  (140°  F.),  and  has  projiortics  similar  to  those  of  the  dini- 
trate  derived  from  the  (libronihydriu.  The  dibromhydrin  is 
stated  to  be  insoluble  iu  >\atcr;  it  melts  at  130'^  (266^  F.).  The 
diiiitrate  C^H^'Br2(NO.,).;  is  insuluble  iu  ^vater,  but  crystallizes 
from  alcohol  in  long  -svliite  needles,  melting  at  75*^  (i<^7°  F.) ;  • 
it  does  not  detonate  when  struck  (Champion,  Cornet.  Hend., 
Ixxiii.  1 14). 

\Vhen  ervthrol  is  distilhul  uith  a  concentrated  solution  of 
hydriodic  acid,  it  is  converted  into  y-iodotetrane  or  secondaiy 
butyUc  iodide,  CH3.CIII.C2H5. 

By  exposing  a  dilute  aqueous  solution  to  air  in  contact  with  pla- 
tinum black,  erythritic  acid,  CH,(0I1).CH(0H).CH(0H).C00H, 
is  produced.  When  heated  with  potassic  hydrate  at  about  240*' 
(464^  ¥.),  ervthrol  furnishes  potaaftic  oxalate  and  acetate  with 
evolution  of  hydrogen. 

On  dis tilling  erythrol  with  formic  acid  it  undergoes  a  decom- 
position similar  to  that  of  glycerin,  the  monoformin  which  is  first 
produced  hemg  converted  into  water,  carbonic  anhydride,  and  a 
glycol  of  the  formula  C^H^OH)^  which  at  present  Is  the  onlj 
representative  of  the  CnH,B_|(OH),  series.  This  glycol  is  a 
colourless  thick  liquid,  soluble  in  water,  and  boils  at  about 
200^  (392^  F.)  J  it  combines  directly  with  bromine ;  its  diaoetate 
boils  at  about  202°  (395^  6  F.)  (Uenninger,  Deut,  ehem.  Ge9,Ber., 
1059  J  co™P-  P-  219). 

(1541)  Xaputuehytheol  ;  Naphthalene  Alcohol:  Cj,H,(OH)^. — Thia 
aloobol  it  obtained  by  waraing  a  solution  of  tbe  eompoand  C,,H,CI,(OH)^ 
formed  by  the  oombination  of  naphthalene  with  hypochlorous  acid,  with  potaasie 
hydrate,  and  extracting  by  ether.  It  crystallizes  in  prirtins,  which  rapidly  turn 
brown  ;  and  decoinponcH  wlion  distilled.  It  is  only  slightly  soluble  in  wat^'r,  but 
easily  in  alcohol  and  tthcr,  and  dissolve!<i  with  brown  colour  in  an  aqneous  «olutioa 
of  potassic  hydrate.  It  turiiitibes  metallic  derivativea  when  eilver  or  lead  salU,  &c, 
are  added  to  the  aloohoHo  aolution  mixed  with  a  little  ammonia.  It  ia  stated  that 
the  sdltttiim  of  the  alcohol  in  warm  very  dilute  nitric  acid  leaves  on  evaporation 
yellow  prisms  of  an  acid  of  the  oompoaiUon  C^^Ht^g  (^etthofi*,  Amul,  CAtau 
J*harm^,  cxxxvi.  342)* 

}  Xn.  Fbntahtdbic  Alcohols  07  tbs  CaHto_9(OH)5  Sbbiss. 

Quercite,  C^H^O^  has  been  shown  to  be  a  jHiitaliydric 
alcohol,  and  it  is  not  improbable  that  pinite,  and  the  so-called 
isodulcite,  which  are  isomeric  with  quercite,  are  also  pentahydric 
alcohols. 

(1542)  QuERciTOL  or  QvERCiTB :  CqH^COU),. — ^This  sub- 
Btancc  is  contained  in  acorns ;  to  prepare  it,  the  aqtieous  extract 
of  bruised  acorns  is  freed  from  dissolved  tannic  acid  by  heating 
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it  witli  lime,  the  filtrate  is  left  to  ferment  with  yeast  to  remove 
sugar,  and  the  filtered  liquid  is  then  evaporated  to  a  syrup,  the 
crystals  whicli  separate  after  a  time  being  reery stall ized  from 
water  or  from  weak  alcohol,  Quereitol  forms  liard  monoclinic 
prisms,  sweet  to  the  taste ;  it  does  not  alter  even  at  215°  (419°  F.), 
but  melts  at  235°  (4.55°  F.)  "When  heated  with  an  excess  of  acetic 
anliydride  to  100° — 120°  (212 — 248°  F.)  it  is  converted  into  the 
pentacetate  €^11^(0211302)5;  acetic  chloride  is  without  action  at 
its  boiling  poiut,  but  also  converts  the  alcohol  into  the  pent- 
acetate  when  heated  with  it  in  closed  vessels  to  100^  (212°  F.). 
Di-  and  tetracctates  may  be  obtained  by  the  action  of  limited 
quantities  of  the  anhydride.  These  acetates  arc  all  extremely 
hygroscopic 5  the  pentacetate  melts  at  37® — 43°  {g^°'6 —  i  o9°  4  F.). 
On  treatment  with  a  mixture  of  concentrated  nitric  and  sul- 
phuric adds^  quereitol  is  converted  into  the  pentanitrate 
C0Hj(NO,)(.  A  concentrated  solution  of  hydrochloric  acid  is 
entirely  without  action  on  querdtol  even  at  100^  (21  F.).  On 
oxidation  with  dilute  nitric  acid,  or  with  bromine  and  water,  it 
appears  to  furnish  only  oxalic  acid  and  carbonic  anhydride(Homann, 
Deut,  ehem»  Ges.  Ber.,  yiii.  1039 ;  and  Dinertation,  WUrzburg). 

Most  remarkable,  however^  is  the  behariour  of  quereitol  with 
hydriodic  acid,  which  reduces  it  to  bensene  (Prunier,  Compt, 
Rend.  J  Ixxxii.  z  1 1 3) .  From  this  it  is  probable  that  the  constitution 
of  querciiol  is  represented  by  one  of  the  following  formulae : 

H.OU 

/% 

Hanc  CH, 

HO.HC         CH.O  • 
H,  U.OU 

(1543)  Pinife :  CJl^O^. — Finite  is  a  cryHtalHne  Bub«tance  contained  in 
the  sap  of  the  Pinus  lambertiana  of  California.  It  in  depfysited  from  the 
aqaeotis  extract  of  the  hardened  juice  in  hard  white  nodules.  It  inells  above 
150^  (302'  F.),  is  very  soluble  in  water,  slightly  in  alcohol,  and  has  a  very 
■wtet  taate ;  like  queroilol  it  !■  not  fermentable,  and  does  not  fsdiim  so  alksliue 
eaprio  Bolniion.  It  is  an  optieslly  aetive  tnbrtance,  its  rotatofy  power,  aeeordhig 
to  BerCbdkit,  being  [a],  =  +  58°'6.  In  its  general  behaviour  it  appears  clortely 
to  resemble  quereitol,  and  like  the  latter  is  a  body  of  oonsiderable  stability,  but 
■earoely  anythiii*,'  \»  known  of  its  derivatives. 

(1544)  UoduLcUe :  C,Hj,Oj  +  OH^.— Thia  body  is  produced  by  the  de- 
sompoiiljoa  of  qoeieitrin,  a  safaotanee  wwitahiml  im  qamitnni  bark,  under  the 


H.OH 


HO.HC 


I 


HO.HC 


CH.OH 

i 

CH.OH 
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infliMnoe  of  aeids.  It  erjMSm  with  great  fadlily  in  larg»  weU-formcd 
oryalilB  reaemblbg  those  of  cane  tngar,  sweet  to  the  taste,  and  very  solnble  la 

water;  the  solution  is  dextrorotatory.  It  melts  with  Iom  of  water  between  105" 
and  1 10°  (221°  and  230^  F.).*  Isodulcite  reduces  an  alkaline  cupric  solution, 
itj«  reducinsj  power  being  almost  equal  to  that  of  grap«  sugar ;  it  is  not  ferment- 
able. Ou  treatment  with  a  mixture  of  oonoentrated  nitric  and  sulphuric  acids, 
H  is  oonTerted  into  a  nitrate  of  the  composition  C,H,0„(XO,),  (Hlasiwete  and 
Pfaundler,  Ann.  Chem.  Pkarm.,  cxxvii.  362).  When  oxidized  with  nitric  add 
it  yields  a  difaasio  acid*  iiodtUciUe  €und,  Cfi^fi^  (Malin,  ibid.,  exit,  197)* 

§  XIII.  Hbzahydric  Alcohols. — ^Alcohols  or  the  0^11,1^(011)^ 

Sbbies. 

* 

The  only  hexaliydric  alcohols  at  present  known  besides  mannite 
and  dnlcite — both  of  which  apparcmtljr  are  hezhydroxyl  deriTatiTes 
of  the  paraffin  normal  hezane — are  hexoxydiphenyl,  CjjH^iOH)^; 
sorbite,  and  phenose,  CjHg(OH)g — a  body  of  which,  howeyer,  our 
knowledge  is  very  imperfect.  Inosite  and  dambose  are  perhaps 
also  hexlivdric  alcohols. 

(i  545)  Manmtol  or  Mannite  :  CgIIg(OH)(.. — Tliis  snbstance 
was  discovered  by  Prowst  in  i8o6.  It  is  the  cliicf  constituent  of 
mannay  the  dried  sap  of  Fraa^irws  oj-iuis,  hut  it  also  occurs,  though 
in  much  smaller  quantity,  in  many  other  plants,  and  in  fungi.  On 
exhausting  manna  with  boiling  alcohol,  and  allowing  the  solution 
to  cool,  it  is  deposited  in  small  crystals  which  may  be  purified 
by  reerystallization.  Mannitol  is  formed  by  the  action  of  sodium 
amalgam  on  the  mixture  of  dextrose  and  lanulose,  C^Hj^O.,  ob- 
tained on  boiling  a  solution  of  cane  sugar  with  a  small  quantity 
of  sulphuric  acid  (Tiinnemann).  Dewar  has  shown  that  dextrose 
may  be  conTerted  into  manTiitol  in  this  manner,  and  from  his 
experiments  it  seems  probable  that  it  may  also  be  formed 
from  IsBTulosey  for  he  found  that,  although  the  whole  of  the 
cane  sugar  was  not  obtained  in  the  form  of  mannitol^  a  gummy 
uncrystallizable  substance  being  simultaneously  ])r()dueed,  the 
crude  product  was  entirely  without  action  on  polarised  light 
{PhU.  Mag.  [4],  xxxix.  345).t 

*'Lowe  (ZeiU.  anal.  Chem.,z\v.  233)  finds,  however,  that  iiucrcitrin  from  quer- 
citron bark  is  not  a  glucuside,  but  merely  diii'er»  from  queicetin  by  the  elements  of 
water ;  queroetin  being  the  aDhydiide  of  quercitrio.  It  is  diflScall  to  Nooncile  this 
■tatement  with  the  <nraanMtaoti«l  ftooonnt  of  isodoldte  ^ven  liy  Blaaiwots  and 
Pfaundler,  mien  we  suppose  tlmt  the  quercitron  examined  bj  than  wae  ieaU|y  a 
different  compound  from  Lowe's,  and  not  identical. 

t  Mr.  C.  Haughtou  Gill  informs  us  that  he  has  obtained  mannitol  from 
Isvulose  prepared  by  Dubrunlanl's  method  by  treating  its  aqueoua  i^olution 
with  eodima  amalgam  (comp.  Boiichaidat,.iliui.  Ck,  JPhys.  [47],  zxrii.  207),  aud 
Xmaemann  (DmL  eleM.  Oet,  B&r,,  is.  1465)  haa  leoent^  piepaved  it  in  a 
aimilar  manner  from  hevoloee  from  inulin. — [Eds.] 
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Maniiitol  crystallizes  in  tliiii  four-sided  rhombic  prisms,  soluble 
iu  about  6J  pts.  of  water  at  ordinary  temperatures ;  it  melts  between 
1 60°  and  165°  (320° — 329°  F.);  at  about  200°  (392°  F.)  it  begins 
to  boil,  and  may  be  distilled  with  very  little  decomposition  even 
at  the  ordinary  atmoepheric  pressure.  It  exerts  but  a  feeble 
kevofotatory  action  on  polarised  light,  the  deviation  produced  by 
a  15  per  cent,  solution,  in  a  tube  three  metres  long,  being  0^15^ 
(Bouchaxdat,  Comfi.  Rend,,  Ixxz.  lao).  It  is  only  slightly  sweet 
to  the  taste,  snd  does  not  leduce  an  alkaline  cupric  solution ; 
it  slowly  ferments  in  contact  with  ordinary  beer  yeast  (Muntz, 
Jbm,  Chem.  Phys.  [5],  yiii.  80). 

On  treatment  with  a  mixture  of  concentrated  nitric  and 
sulphuric  adds,  mannitol  is  converted  into  the  hexanitrate 
CgH^(N03)g.  It  forms  white  acicular  crystals,  insoluble  in  water, 
but  soluble  iu  alcohol  or  ether,  and  which  melt  at  108°  (226^*4  F.) ; 
it  explodes  violently  on  being  struck.  liy  the  action  of  amnionic 
sulphide  and  other  reducing  agents,  it  is  reconverted  into 
mannitol.  The  corresponding  acetate  C^H^(C3H..C)0f.,  is  o])tained 
by  heating  mannitol  in  an  open  vessel  with  a  considerable  excess 
of  acetic  ajilivdride,  and  crystallizes  from  its  solution  in  the 
latter  in  prisms  which  melt  at  119°  (246°'2  F.). 

By  heating  mannitol  at  100°  (212°  F.)  for  ten  hours,  with 
fifteen  times  its  weight  of  a  solution  of  hydrochloric  acid  saturated 
at  o**  (31°  F.),  it  is  converted  into  thedichlorhydriu  CgHgClj(OH)^j 
the  corresponding  dibromhydrin  is  prepared  iu  a  similar  manner, 
the  mannitol  and  hydrobromic  acid  being  heated  together  for  two 
hours  only.  Both  crystallize  in  colourless  plates ;  the  former 
melts  at  174^  (345^*2  ^')»  dissolves  in  2%  parts  of  water  at 
14''  F.);  the  latter  melts  at  178**  (3521%  F.),  and  is 

insoluUe  in  cold  but  dissolves  in  warm  water.  On  treatment 
with  a  mixture  of  nitric  and  sulphuric  acids,  they  are  converted 
into  the  nitrates  C^nfi\^(^0^\  aud  C.HgBrjCNO,)^  both  of  which 
are  insoluble  in  water,  but  soluble  in  alcohol,  and  crystallize  iu 
needles  ;  the  former  melts  at  145°  (293°  F.)  (Bouchardat,  idid., 
Ixxv.  1 187;  Ixxvi.  1550). 

All  these  derivatives  are  optically  active ;  the  specific 
rotatory  powers  of  their  solutions,  according  to  Bouchardat,  are  as 
follows : 

Mannitol  hexacetata      [aj^    =  +18^ 
„      hexanitrate     [a]o    =    +  42°-a 
„      dichlorhydrin  [o].    =    —  3^7 

On  distilling  mannitol  with  a  concentrated  solution  of  hydriodic 
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acid,  it  is  converted  into  normal  s(^c'(iiidary  licxylic  iodide^ 
CH3.Cin.CII,.CHg.CH3.CH3  (Erleumcyer  and  WaaUyn)  : 

C,H,{OH)«   +    iiHI   =   C,Hi,I   +    60H,   +  5I.. 

MaiiiiHoL  Hexrlic  iodld«» 

On  oxidizing  mannite  under  the  influence  of  platinum  black — 
by  exposing  to  the  air  a  mixture  of  the  two  substances  moistened 
with  water— mannitic  acid  Cfi^fij  or  C,H,(OH)(.COOH,  is  pro- 
duced ;  when,  however,  mannite  is  oxidi^  with  nitric  acid  it  is 
converted  into  saccharic  acid,  C^H^(OH)^(COOH),. 

(1546)  DuLCiTOL  orDoLciTs;  Melampyriie:  CJIg(OH)g.— * 
This  isomeride  of  mannitol  is  the  chief  constituent  of  the  so-called 
duldte  manna  from  Madagascar,  and  may  be  obtained  in  a  pure 
state  by  crystallization  from  boiling  water ;  it  occurs  in  the  sap 
of  Mefampyrum  nemorosum,  and  of  many  other  plants.  It  is 
produced  together  with  mannitol  on  treating  a  solution  of  milk 
suj^ar,  or  of  milk  su<rar  '*  inverted"  by  boiling  with  a  small  quan- 
tity of  sulphuric  acid,  with  sodium  amalgam,  bein^  formed  in  the 
latter  case  by  the  hydrogenation  of  a-lactose  (i^.v.)  (Bouckardat, 
Ann.  Ch.  Phys.  [4],  xxvii.  75,  101). 

Duleitol  crystallizes  in  hard  monoclinic  prisms,  scarcely  sweet 
to  the  tivstc  ;  it  melts  at  about  188°  (^'O^  ^  F.),  and  is  decom- 
posed on  distillation.  It  is  much  less  soluble  in  water  than 
mannitol,  and  is  but  slightly  soluble  even  in  boiling  alcohol; 
it  does  not  reduce  an  alkaline  cuprie  solution.  Its  solution  has 
no  appreciable  action  on  polarized  light,  and  apparently  none 
of  its  derivatives  are  in  a  marked  degree  optically  active.  Like 
mannitol,  its  solution  is  not  coloured  when  warmed  with  an  alkali, 
and  it  is  not  carbonized  by  sulphuric  acid,  this  acid  apparently 
converting  both  mannitol  and  duleitol  into  acid  sulphates. 

A  mixture  of  concentrated  nitric  and  sulphuric  acids  con- 
Terts  duleitol  into  tlic  hexanitrate  CgII^(N03)g,  which  crystallizea 
from  alcohol  in  colourless  needless ;  it  melts  at  about  70^  ('58^  F>). 
The  hexacetate,  OfiJ,QJi\fi^^  obtained  by  the  action  of  acetic 
anhydride  at  180^  (35^  crystallizes  in  plates  fusible  at 
171^  (339^*8  F.).  The  hexabenzoate  Ofijfi^Hfii^^,  formed  by 
heating  duleitol  with  benzoic  chloride  to  150**  (302^  F.),  melts  at 
147°  (296^*6  F.);  it  is  quite  insoluble  in  water,  and  only  slightly 
soluble  in  alcohol. 

Duleitol  dissolves  easily  in  a  saturated  solution  of  hydro- 
chloric acid,  and  on  standing  separates  from  the  solution  in  crystals 
of  the  composition  CgHj^Og.HCl+jHjO;  this  compound  can 
exist  only  in  an  atmosphere  saturated  with  hydrochloric  acid. 
Corrcspoudiug  compounds  with  hydrobromic  and  hydriodic  acid 
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may  be  obtainoff.  Manaitol  does  not  cxliibit  a  similar  tciidcncy 
to  combiitc  with  ac  ids.  Bv  hcatini?  dulcitol  witli  hydrochloric 
acid,  it  is  converted  into  the  dichlorhydrin  ('„H^C1,,(0II)^,  which 
is  insoluble  in  cold  water,  and  is  decomposed  by  hot  water  j  it 
melts  at  180°  (356°  F.),  but  like  the  mannitol  derivative  is  decom- 
poeed  (Buachardat^  lot.  cit.,  p.  145).  The  dibrombydrin  is  in  all 
respects  a  similar  compound,  but  decomposes  more  readily.  By 
the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric 
acids  ou  the  dichlorhydrin  and  dihromhydrin  of  dulcitol,  the 
tetranitrates  C^Hj^Cl^lNOj)^  and  CeHgBrglNOJ^  are  obtained; 
they  are  soluble  in  alcohol  and  melt  respectively  at  108^  (226*^*4  F.) 
and  110  (250^  F.) 

On  distilling^  dulcitol  with  a  concentrated  solution  of  hydri- 
odic  add,  it  furnishes  a  hexylic  iodide  which  is  in  all  respects 
identical  with  that  from  mannitol  (Hecht,  Ann.  Chem,  Pharm,, 
clxy.  146). 

Dulcitol  is  converted  by  oxidation  with  nitric  acid  into  mucic 
acid,     Ij^Og,  which  is  isomeric  with  saccharic  acid. 

The  constitution  of  mannitol  and  dulcitol,  like  that  of  hydro- 
benzoin  and  isohydrobenzoin,  is  at  present  involved  in  obscurity. 
The  difference  in  their  behaviour  on  oxidation,  in  their  physical 
properties,  and  in  the  physical  properties  of  their  derivatives  is 
so  great,  tliat  it  appears  in  tlie  hit,diest  (le<;ree  prol)ablc  that  they 
arc  bodies  of  ditl'orent  chcinical  constitution.  From  their  beha- 
viour on  treatment  with  hydriodic  aeid_,  we  must  regard  them  as 
derivatives  of  the  same  ])araffin,  normal  hexane,  and  on  account 
of  their  sta])ility  we  must  suppose  that  each  of  tiie  six  hydroxyl 
grou])s  is  associated  with  a  diircn-nt  carbon  atom;  but  normal 
hexane  can  only  furnish  a  single  hexhydric  alcohol  in  which  each 
of  the  OH  groups  is  attached  to  a  different  carbon  atom,  viz. : 

CByCHyCH^CHrCHrCH,  CH^OH).CH(OH).CH(OB).CH(OH).GH(OH).OH^OH). 
HanniaiiczuM.  f  MMuritolaadDoMtoL 

(1547)  SoBBiTB  :  C,H|«0^> — ^This  tabstaoee  is  obtained  from  tbe  expressed 
joioe  of  mountaia  aah  bemee.    It  Mparaten  from  water  in  naereona  orystak 

of  the  comiKwition  2C,H,^0,  +  Oil,,  which  become  anliydrouH  when  heated 
above  100**  (2 1 2"  F.).  The  hydratod  cnmpound  melts  at  102'  (2\^°'6  F  ),  and 
the  anhydrous  suljstHiice  at  110^(2  50  F. ).  It  is  iiiiurivi-  to  (Kuarizeil  light, 
and  dues  iiut  reduce  an  alkaline  cupnc  holuUou.  Like  maunitol  and  dulcitol  it  \s 
not  carbonized  by  oonoentrated  enlphuric  aeid ;  it  it  not  fermentable  (Booesingault, 
Compt,  Send,,  \xnw»  939). 

(1548)  PhBNOSE  :  (?)  CjII^(OH)^. — T?en7.otie  combines  directly  with  hypo- 
chlorous  acid  forinitig  tiie  triclilorhyilrin,  Hs^'LC  dl  )^.  and,  accordiii';  to  Caritis, 
by  carc-riliv  wuriuin;^  a  dilute  aqueous  solution  of  this  compmiiid  with  sodio 
carbonate,  a  is  cunwrted  into  the  hexhydric  alcohol  C,II,(U1I),  {^Ann.  CAem. 
Tharm,,  ezxxvi.  326).    The  pre|)araUon  of  phenoM  in  thie  manner  u  attended. 
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with  great  diflBcnliy,  however,  1)otii  on  aooount  of  the  retdineM  with  which  fho 
trieblmrhydria  undergOM  oxidation  by  the  hypochlorous  and,  and  also  fiom 
the  extreme  alteisbility  of  the  alcohol  itself.    On  this  aioooaii^  phenoee  has 

been  but  very  imprtW  tly  investigateJ,  and  even  its  composition  can  scarcely  be 
said  to  be  satistactorily  established.  It  iu  described  by  (/ariiis  as  an  amorphous 
deliquescent  substauoe,  easily  soluble  in  water  and  alcohol,  ilt>  tohte  b*ung  sweet 
at  firafc,  hat  afterwarde  sharp.  It  is  deoomposed  when  heated  a  little  above 
100°  (212°  F.)>  emitting  a  cararoel-Iike  odoar,  sod  when  submitted  to  drj  dis- 
tillation it  furnishes  a  distiUate  cont^iining  acetic  acid.  It  is  rapidly  converted 
into  humn8-like  substances  when  heated  with  dilute  acids  or  alkalies.  On 
wanning  with  even  very  dilute  uitric  acid,  it  is  oxidized  to  oxalic  acid.  It  readily 
reduces  alkaline  aolutione  of  enprio  salts.  When  distilled  with  a  solution  of 
hydriodio  acid  it  is  ehie&y  eerboaiaed,  bat  a  small  quantity  of  a  hezylie  iodide 
is  formed ;  thifl  iodide  is  more  readily  produced  by  heating  the  trichlorhyJrin 
Cyi,Cl,(OH),  with  hydriodio  acid,  and  isappsrently  identical  with  the  hezjlie 
iodide  from  inaiinite. 

The  diili  reucc  between  quercitol  and  phenose  in  stability,  and  in  their  beha- 
▼iour  with  bydriodie  add,  ia  remarkable,  for  if  the  latter  he  reaUy  the  aleohol  of 
the  eompoeition  C^H,(OH),,*  from  the  manner  in  which  it  is  foraied,  we  might 
expect  that  its  eonstitutbn  would  be  Teiy  aimihur  to  that  we  have  attribi^ed 
to  quenatol,  viz. : 

H.OH  H.OH 

/\  /  \ 

HO.HO  CH.OH  HO.UC  CH.OH 

II  II- 

UO.UC  CH.OH  HO.HO  CH.OH 

\^ 

H,  H.OH 

Qaercitol.  Phenose. 

but  it  appears  not  improbable  that  inoute,  and  not  pheuose,  is  the  analogue  of 

qaercitol. 

(1549)  Inosol;  InotUe  or  PhaaeomanniU :  C,H,,0^  or  (?)  C,H^(OH)j.— 
Inosite  wee  discovered  by  Seheerer  in  1850  in  the  moseidsr  substanoe  of  the 
heart.    It  has  since  been  found  to  exist  in  the  brain,  kidney,  liver,  lungs,  and 

spleen;  in  horseflesh  ;  and  in  human  kidneys,  and  in  the  urine  in  cases  of  alba- 
minnria.  It  is  present  in  considerable  quantity  in  cochineal  (Hugo  Altiller, 
jrnvate  cummunication).  It  has  also  been  obtained  from  a  number  of  plants: 
for  example,  from  the  nnripe  seeds  of  the  French  or  kidney  been  {Phaseolus 
vulgaris) ;  from  the  green  pods  and  nnripe  seeds  of  the  garden  pea  {Puum 
sativum) ;  from  the  heads  of  the  common  eabbsge ;  and  ftom  gr^  jaioe 
(Hilger,  J»n,  Ciees.  Fkarm^  cb.  333). 


*  Kekule  {Lehrhuch,  iii.  p,  162)  is  inclined  to  regard  phenose  as  the 
hydrate  of  a  trihydroxylbenzene  —  C,H,(0lI),,30H,,  formed  from  the  trichlor- 
hydrin  C,H,C1,(0H),  by  the  abstraetloo  of  the  elements  of  three  moleooks  of 
hydrochloric  acid,  in  the  same  way  that  metatrichlorobenaene  is  formed  from  th« 
ehloride  C^H^Cl^.  As  it  is  not  identical  with  either  p\Togallol  or  phloroglneol, 
it  could  only  be  the  trihydroxyl-bonzene  in  which  the  three  Oil  groups  are  con- 
tiguous (see  p.  552) ;  the  formation  of  a  compound  of  this  couiititution  by  such  a 
reaction  appears  to  be  somewhat  improbable,  however. 
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muL  of  their  weight  ofinosite  (Vohl).  The  finely  shredded  beans  are  placed  in 
•  piMung  bag,  which  is  iintncrsed  in  boiling  water  or  steamed  for  half  an  hour, 
Mid  then  strongly  pressed ;  the  aqueous  extract  and  the  expressed  liquor  are 
ev^xutited  to  a  syrup  on  the  water  bath,  alcohol  is  then  added  until  a  permanent 
turbidity  is  produoed,  and  the  crystals  vbioh  form  are  purified  by  repeated 
iiijiliiriwlinii  from  water  wiili  tlw  aid  of  ammal  diaiooaL 

Whm  pore,  inosite  eryitaUiiM  in  luge  nett-feraied  monoclinio  prismi  from 
an  aqoeous  solution  left  to  evaporate  sponianeoosly,  bat  if  impure  it  separates  in 
caoliflower-like  masses.    The  crystals  contain  two  molecules  of  water,  and 
effloresce  in  dry  air;  they  dissolve  in  about  six  parts  of  water  at  19**  (66'''2  F.), 
but  are  insoluble  in  anhydrous  alcohol  or  eiher.    The  aquepus  solution  is  not 
precipitated  by  plnmbie  aeetita^  but  beaio  plnmbio  aeetete  ptodnoes  a  wldte  pre* 
fl^iiate  which  apparently  has  the  composition  C,H^(OH)^(0UPbOH)^  Anhy* 
drous  inosite  melts  at  about  210°  (410°  F.);  at  higher  temperatures  it  is  de- 
composed.    Inosite  biis  a  sweet  taste,  but  is  not  oi)tically  active,  and  does  not 
reduce  an  alkaline  oupric  solution  ;  it  does  not  ferment  in  contact  with  beer 
yeat»t,  but  when  mixed  with  decaying  cheese  and  chalk,  it  undei^^oes  the  lactic 
firoentataon  (VoU,  Dmi,  oAem.  Qt$.  .Dir.,ix.  9S4).  It  in  not  altered  by  boiling 
either  with  a  concentrated  solution  of  potassic  hydrate,  or  with  dilute  hydrochlorio 
or  sulphuric  acid,  and  is  not  blackened  by  sulphuric  acid  even  at  loo*'  (2 1 2°  F.)* 
If  it  is  evaporated  to  drynes»8  with  dilute  nitric  acid,  no  action  takes  place  until 
the  acid  becomes  moderately  concentrated,  when  nitrous  fumes  are  Ireely  evolved; 
the  residue  contains  oxalic  acid,  and  on  dissolving  it  in  water,  neutralizing  with 
oalde  earfaoDate,  and  separating  the  ealeie  oxalate  by  filtntioD,  a  idatum  ii  ob< 
imnedfrom  which  (?  on  evaporation)  a  purple-red  floooulent  maae  leparaftea  after 
some  time  :  this  substance  is  soluble  in  dilute  acids,  and  may  be  reprecipitated 
from  the  acid  solution  by  aiumoiiia,  apparently  unchanged.    Scheerer's  test  for 
inosite,  wliich  con»iiats  in  evajxiruting  it  nearly  to  dryness  with  aqueous  nitric 
aoid,  then  adding  ammonia  and  a  small  quantity  of  calcic  chloride  solution,  and 
•gain  evaporating,  when  a  T0ee*red  ooloration  ia  prodnoed,  doubtless  depends  on 
tiie  fimnation  of  this  substance,  whidb  probably  is  a  product  of  the  action  of 
nitrous  acid.    Nitric  acid  of  ifp.  gr.  1*52,  even  if  boiling,  does  not  oxidize  ino- 
site,  but  converts  it  into  a  substance  which,  according  to  Vohl's  analysis  (Ann. 
J^Aarm.  Chem.,cv.  332),  would  appear  to  be  the  hexauitrate  C,H,(NO,)j ;  it  is 
insoluble  in  water,  but  easily  soluble  in  alcohol,  crystallizing  from  the  latter  in 
rlMmbohedrona.   The  ibrmation  of  Uiia  compoand  ia  at  present  the  only  evidenee 
we  have  to  show  that  inoeite  u  a  hexhydric  alcohol.    Inosite  is  not  reduced  on 
distillation  with  a  saturated  solution  of  hydriodic  acid;  but  when  heated  with 
bromine  and  water  at  100°  (2  12°  F  ),  it  is  slowly  oxidized,  mooh  oarbonic  an* 
liydride  being  evolved  (li.  Miiller,  ^^'/fv/Ce  rommunication). 

Inosite,  it  will  be  evident,  is  a  body  of  remarkable  stability,  and  in  this 
reepoet  doeely  resembles  qneroitol;  indeed  it  appears  highly  probable,  as  we 
bavn  above  pointed  out,  that,  Uke  the  latter,  it  is  derived  from  a  hydrooarbon 
O^Hj,  in  which  the  carbon  atoms  are  united  in  a  closed  chain, 

(1550)  Dambose. — This  compound  is  obtained  on  heating  dambonite  or 
bornesite  to  100'' (2 12°  F.)  with  hvdrifxlic  acid  solution  ((Jirard,  Compt.  lieud., 
\jL\iL  S20 ;  ixxiii.  426).  Dambouile  oA;curb  in  small  quantity  in  a  peculiar  kind 
of  eaontelMnio  exported  from  the  French  eolony  of  Qaboon  on  the  weet  eoaet  of 
Afnfin>  end  bomente  in  Borneo  oaoutohouo ;  theee  two  kinds  of  caoatehooe  bung 
jqpjarently  the  produce  of  climbing  plants  of  the  genus  urceola. 

Dambose,  C,Hj^O,  ,  is  easily  soluble  in  water,  from  which  it  crystallizes  in  rather 
tliiok  anhydrous  prisms,  wheroby  it  is  di>tingui>bed  Ironi  inosite,  which  it  re- 
0«»uibles  in  other  respects,   it  is  a  very  stable  substance,  melting  at  230  (446*^  F.) 
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without  underling  decomposition.    Bromine  in  without  action  on  it  at  i6o 
(320**  F.)>  bat  at  180**  (356°  F.)  hydrobromie  uaA  u  evolved  and  erabilitiifiM 
IMtodiMl  it  foiniied.    It »  optimUy  inMtive,  and  doM  not  ferment  with  tomI 

JSornerite,  CyH^^O,,  is  a  crystalline  8ul)st:incx>  very  soluble  in  wmt«r»  wbiflh 
raelts  at  175°  {347  It.  is  optically  active,  having  the  specific  rotatory  powpr 

[a]p=  +  32°.  It  does  not  reduce  an  alkaline  cupric  solation,  bat  aequires  this 
propertj  on  being  boiled  with  slightly  acidulated  water. 

JkmhomUe,  C,H„0,,  ia  abo  oryataUiiw  and  eaaay  aolnUe  in  water,  but 
like  botnerite  only  sparin^y  in  alcohol;  it  melts  at  190°  (374^?.),  and  when 
eantiottsly  heated,  sublimes  at  200° — 210'  (392" — 410°  F.)  without  decom- 
position in  \o\\^  slender  shining  needles.  It  is  optically  inactive,  and  does 
not  reduce  an  alkaline  cupric  solution ;  dilute  sulphuric  acid  does  not  act  apoa 
iL  Dambonite  forms  with  potaasio  iodide  a  cryaUUine  compoond  of  tiie  eom- 
poBtion  C,H„0,KL 

From  their  bebevioor  with  hydriodie  acid,  bornesite  and  dambonite  must  be 
regarded  respectively  as  the  mono-  and  dimethyl  derivatives  of  daniboso  ;  at 
present,  however,  th(>re  is  no  evidence  to  show  what  is  the  natore  of  damboae,  and 
even  its  molecular  i'urmula  is  not  yet  establiiihed. 

(1551)  Hexoxydi PHENYL  :  C,H^(OH),.C,H,(OH),.— This  compoond  is 
obtained  bv  heating  hydrouoerulignone  with  hydrochloric  acid : 

C„H.(0H),(0CUJ.^  +    4Ha    =    C„H,(OH).    +  4CH,a. 

It  forma  ooluarleae,  glistening,  extremely  thin  plates,  and  ia  eolnble  in  aaoit 
aolTenta.  It  dinaolvee  in  alkaliea  forming  a  magnifieant  violeMdoe  oaloavad 
eolation,  which  is  doubtless  the  result  of  oxidation.  When  distilled  over  heat«d 
zinc  dust,  it  is  reduced  to  diphenyl,  C,,Hj^.  The  hexacetate  ^',,^^0,11^0^^, 
formed  from  it  by  the  action  of  acetic  utihydride,  crystallizes  in  prisms,  uid 
melts  at  145**  (293**  F.)  (Liebermann,  Ann.  Cheat,  PAarm.,  clxii.  241). 

AppnrDlz  TO  (1448).— Two  tertiary  heptylio  alcohols  containing  ikmm 

dissimilar  radicles  have  recently  been  obtained,  y'vi.t  propjflethylmethylcarbinol, 
CJI.°C(CJlj)(CH^  OH,  and  its  isomeride,  uopropyleth^lmtthi/Icarhinoi, 
C,H,^C(CjH  J(CH,).01I :  the  former  by  the  addition,  first,  of  a  molecular  projxirtion 
of  zincicmethide  to  a  molecular  proportion  of  butyricchloride,C,Uy«.COCl,  audtiien 
of  a  moleeular  pioportion  of  sineio  ethide,  and  after  aome  time  treating  the  prodnet 
with  water;  and  the  latter  in  a  similar  manner  from  isobutyric  chloride, 
C,H,^.C0C1.  rropylcthylraethylcarbinol  lx>lls  at  1 35**—  1 38°  ( 2 7 5°— 28o''-4  P.) ; 
its  iodide  furnishes  a  heptylene  (?)  CJI^  CHr^CCCH  j(C,llJ.  which  boihj  at 
90" — 95°  (194" — 203°  F.).  Isopropylelhylmethylcarbinol  boLls  at  124° — 127* 
(255°-2— 26o**-6  F.);  the  heptylene  (?)  (CH,),CllC(CH,)(C,ig.  from  ita  iodide 
hoila  at  75*— So"*  (167^—176"  F.)  (Pnwlow,  Deut,  ekem,  Om,  Btr^  is.  131  ijk 
Affbndix  to  (1522) — By  heating  naphthalene  tetrachloride  (1367), 
C^,II,C1^,  with  30  pts.  of  water  for  some  hours  U)  180° — 190°  (356° — 374*  F.), 
it  is  converted  into  the  dihydric  alcohol  r,^H,Clj(OH),,  which  crystallizes  in 
large  ill*defined  prisms.  The  diacetate  derived  Iroiu  it  iiieltd  at  130^(266^  F.). 
When  diatilled  with  eonoentrated  hydrochlorie  acid  it  famiabee  n  monoohloro- 
mfbtbol,  C„H,a.OH,  melting  at  109*"  (228''-3  F.)  (Gtimaax,  BuU,  Soa, 
Okem,  [3],  zriiL  3052  Compt.  Send.,  hml  575). 

General  Review  of  the  Alcohols, 

(155a)  The  compfirison  of  the  alcohols  of  wions  aeries  is  of 
interest  in  many  respects ;  at  present^  however^  on  account  of 
our  limited  knowleclge  of  all  but  those  derived  fiom  the  pandBns 
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aad  the  hydrocarbons  of  the  bensene  aeries^  it  is  attended  with  even 
greater  difficulties  than  that  of  the  hydroourbons  of  Tarious  series. 

The  ^Rg^tcmuA  of  hjdrogen  in  hydfoaatat  \ij  Htut  groap  OH  appcMiy  m 
all  tmm,  to  ktd  to  the  fMrodaetioii  of  Ims  volatile  eompoundi :  tot  essmple, 
#0iane  is  gasaoUy  ethylio  alcohol  is  a  mobile  liquid  which  boQi  etalioiit  78*  C* 

and  glycol  u  a  syrupy  liquid  boiling  at  197°  C.  ;  a^ain,  propane  is  gaseous, 
propylic  alcohol  is  a  mobile  liquid  and  boils  at  about  97°  C,  propylene  glycol 
is  a  syrupy  liquid  and  boils  at  216°  C,  and  glycerin  which  is  very  viscid  boils 
it  aboot  s8o"  C  imder  the  oidimaj  sfanoeplMrie  preMure ;  lastly,  U^uzeue  is  a 
Bobile  fiqind  and  boile  it  81*  whibt  phenol  ia  a  eryitaUine  aotid  and 
boils  al  184**  C.  Apparently,  However,  the  diminution  in  volatility  is  not 
directly  proportional  to  the  number  of  hydroxy!  groapa  ilrfiodooed:  thoee  fint 
introduced  usually  having  the  greatest  influence. 

As  in  the  case  of  isologous  hydrocarbons,  the  boiling  points  of  isologous 
aloohola  are  generally  higher  the  leaa  hydnqpen  they  contain,  with  the  exception 
of  propylie  and  allyKe  alcobola,  whieh  haTe  appnnciiiuKtdy  the  aaoie  hoiling 
point.  The  lame  relation  obtains  between  most  of  the  propylic  and  allylic  com- 
pounds corresponding  in  composition ;  the  sprific  gravity  of  elljlie  elcohol» 
however,  is  cousiderably  highiT  than  that  of  propylic  alcohol. 

The  displacement  of  hydrogen  in  hydrocarbons  by  the  group  OH  always 
eanaes  a  eonsiderable  increase  in  specific  gravity :  thus,  whereas  normal  tetrane 
baa  the  apeeifie  gravity  *6oo,  the  apeoifie  gravity  of  normal  primary  butylie 
aleobol  ia  *824»  and  that  of  erythrol  1-59. 

The  lower  monohydric  alcohols  derived  from  the  paraffins  possess  charao- 
t<»ristic  odours  and  a  burning  taste,  but  the  polyhydric  alcohols  derived  from 
these  hydrocarbons  are  all  odourless — doubtless  on  aoooont  of  their  volatility  being 
bat  slight — end  are  meetly  more  or  leaa  aweet  to  the  taste.  The  monohydric 
aloohola  derived  from  the  hydrocarbona  of  the  beniene  aeiica  alao  poaaaaa  ehanM}- 
teiistic  odoars,  which  is  probably  in  a  measvn  aeeoaDted  Ibr  by  the  fact  tliat, 
although  bodies  of  high  boiling  point,  tliey  are  all  very  volatile  ;  the  poly- 
hydric alcohols  derived  from  these  hydrocarbons  are  odourless.  The  alcohols  of 
different  degrees  of  hydricity  and  of  the  various  isologous  series,  and  even  those 
of  the  same  homologous  series,  appear  to  differ  remarkably  in  their  physiological 
notion.  In  the  eaae  of  the  akwhels  of  the  elhylie  aeriea,  the  aetivity  ineraaaM 
at  first  with  the  increase  of  molecular  weight,  and  from  experiments  on  dogs, 
Di^jardin,  Beanmetz,  and  Audig^  {Compt.  Rend.,  Ixxxiii.  80)  find  that  the  lethal 
dose  of  propylic  alcohol  in  aWit  one-half,  of  isopriniary  butylie  alcohol  about  one- 
third,  and  of  fermentation  amy  lie  alcohol  only  about  one- third  as  great  as  that 
of  ethylic  alcohoL  Sfethylic  alcohol  is  somewhat  more  active  than  ethylio 
aloohoL  Heptylio  alooh^  (f  normal  primary)  and  oelylio  alcohol  (?  from 
castor-oil),  however^  in  the  pure  state  are  only  about  as  active  as  ethylio  aloobol» 
but  when  diluted  to  ten  times  their  bulk  with  the  latter  alcohol  they  are  fatal  to 
about  the  same  extent  as  butylie  alcohol.  Cetylic  alcohol,  which  is  insoluble 
both  in  water  and  alcohol  at  the  ordinary  temperature,  is  inert.  Phenol  and  its 
homologues,  which  are  especially  characterized  by  the  readiness  with  which  they 
offset  tfcwB  coagulation  of  albumen,  are  much  more  poisonoos  than  the  alcohols  rtf 
tiie  ethylio  aeriee,  the  eflbct  of  phenol  on  animals  being  to  caoae  great  dilatation 
of  the  blood-vessels,  weak  respiration,  and  lowering  of  temperature.  The  poly- 
hydric alcohols  are  apparently  much  less  active  than  the  monohydric ;  few 
obscTvations,  however,  have  been  made  on  this  point. 

The  alcohols,  especially  those  containing  several  hydrozyl  groups,  are  much 
leaa  atable  compounda  than  the  corresponding  hydrocafbona,  and  are  iroch  move 
mdily  aetad  on  hy  nagenta  generally. 

o  0  2 


Digitized  by  Google 


564 


REVIEW  or  THE  ALCOHOLS. 


Eihylip  fleoliol  pud  iU  homolugucii,  like  the  paraffin^  do  not  fimn  idditivt 
oompoands  with  cUorioe  or  ImnniDo,  whiltl  aUyUe  and  propaigylie  alotdida,  liko 
the  hydnMnrliono  of  the  ethyleoe  and  acetylene  series,  combine  nepeetivdy  with 

two  and  four  atoms  of  bromine,  forming  substitution  derivativea  of  the  rorre- 
spondiiig  alcohols  of  the  ethylic  Bories;  the  phenols  and  alcohols  of  the  Wnzylic 
aeries,  however,  and  the  ihplugoua  alcohoU  contaiuing  relatively  lestf  hydrogen, 
do  under  apy  eooditione  appeer  to  feim  eddilaTe  oomponode  which  ere  of 
ooflBeient  etabiliiy  to  permit  of  their  ieolation.  There  ia  reaaon  to  believe,  at 
least  in  some  casee,  that  the  formation  of  aabstitution  derivatives  of  tlie  phenols, 
&c.,  h  preceded  l>v  that  of  highly  unstable  additive  iximpounds;  at  pnaent»  how- 
ever, there  is  no  evidence  to  tihow  that  this  is  always  the  caKe. 

In  their  behaviour  with  pitric  acid,  and  wiUi  sulphuric  aoid,  and  alao  on 
Qoddatioo,  the  aloshola  boar  eonaidenUe  reaemUanee  to  the  hydroearfaona  ftom 
w^hich  they  are  derived.  Thus,  the  alcohols  of  variona  degrees  of  hydricity 
derived  from  the  paraffin*(,  or  which  maybe  regarded  as  formed  from  the  alcohols 
derived  from  the  ])arHthn8  by  the  displacement  of  one  or  more  of  the  hydrogen 
atomb  iu  the  hydrocarbon  radicles  of  these  alcohols  by  radicles  such  as  phenyl, 
C,H^,  Ac.,  are  wther  ctmverted  into  normal  or  basic  ethered  aalts,  or  oaidiaed,  by 
the  action  of  nitric  acid,  and  yield  aod  ethereal  aaUa  on  treatment  with  aalpkmie 
acid ;  whereas  the  phenols,  naphthols,  oroinols,  Ac.,  furnish  nitro-^ub.stitution 
derivatives  when  submitted  to  the  action  of  nitric  acid,  and  sulpho-acidi»  on 
treatment  uith  Miiphuric  acid.  It  will  be  remembered  alt>o  that  by  the  action 
of  the  haloid  acids  on  the  alcohols  of  the  former  class,  the  OH  groups  are  more  or 
kaa  readily  diaplaoed  by  halogens,  the  diapbeement  aeldon  being  perfect,  how- 
ever, in  the  case  of  polybydric  aleohob ;  the  alcoh<^  of  the  latter  daea  are 
mostly  unaflected  by  the  haloid  acids.  It  is  possible,  however,  to  displace  the 
Oil  group  by  chlorine  or  bromine  in  mo«t,  if  not  all  alcohols,  by  svibmitting  them 
to  the  action  of  pho*»phoric  pentachloride  or  i>tMitabrouiide,  although  on  account  of 
the  occurrence  of  secondary  reaction,  the  ibolation  of  the  product  of  the  primary 
reaction  is  often  impoarible,  and,  therefore,  a  oomponnd  ia  not  alwaya  eharaetedted 
na  an  alcohol  by  its  behaviour  with  phosphoric  pentachloride, 

A  method  of  di.>tinguishing  the  alcoliols  generally  from  all  other  compounds 
Is  atibrded  by  their  behaviour  with  the  acid  anhydrides  or  chlorides,  sucli  as 
acetic  and  beu^ic  anhydrides  and  acetic  and  benzoic  chlorides.  By  the  action 
of  these  compoonda  on  the  alcohola,  the  hydrogen  in  the  OH  groups  of  the  latter 
k  more  or  lese  readily  diaplaead  by  add  radidea,  the  ^^vlaeement  of  the  whole 
of  the  hydrogen  present  in  this  form  being  readily  effiNted,  if  a  sufficient  excess 
of  the  reagent  be  employed,  either  on  heating  the  materials  together  under  the 
ordinary  atIIiu^pheric  pn-sjiure,  or  at  a  comparatively  low  temperature  in  closed 
tubes.  In  order,  however,  iu  tiiis  way  to  prove  that  a  compound  is  aii  uJcohol, 
it  ia  neoeesary  to  introdnce  in  plaoe  of  hy^ogen  ea  many  of  the  acid  radidea  ae 
the  compound  contains  oxygen  atoms.  Numerous  instances  of  the  formation  of 
ethereal  salts  of  thta  kind  by  the  action  of  the  add  chlorides  or  anhydrides,  hare 
been  given  in  the  foregoing  deRcrii)tion  of  the  alcohols.  On  arconnt  of  the  for- 
mation of  chlorinat^-d  compounds  when  the  acid  chlorides  are  employed,  the  acid 
aahydrides  are  frequently  to  be  preferred  for  this  purpose. 

The  beharienr  of  the  alcohola  of  rariooa  aeriee  with  aftafiea  ia  eaaqdemen- 
tary  to  their  behaviour  with  at  'ul>  :  thoae  which  form  ethereal  salts  with  acids, 
such  as  nitric  or  Hul]>huric  acid,  exhibiting  but  little  tendency  to  form  metallic 
derivatives  stable  in  presence  of  water  ;  whereas  the  phenols  and  other  alcohols 
which  do  not  form  ethereal  salts  with  theiu)  acids  exhibit  marked  acid  tuuc- 
tionsi  furnishing  metallic  derivatives  which  are  not  readily,  if  at  all,  deoompot^od 
by  water.  Out  jnat  as  all  alcohola  exhibit  bane  fiinetiona— that  ia  to  aaj,  are 
capable  of  being  converted  faito  ethereal  aalta  by  the  diaplaoement  <^  the  hydrogen 
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in  the  OH  jroup  ty  negative  radicles,  so  also  they  all  exhibit  acid  functions  and 
are  capablo  ot'excluni^in*^  hydrogeu  for  positive  radicles.  For  example,  alrhoii.,'h 
eUiylic  alcohol  appareully  is  not  acted  apon  bjr  an  aqueous  Kolution  of  an  alkali, 
donble  deoompoaitioii  oeoan  when  todio  hydrate  ie  diaaolved  in  it,  a  oertain 
amount  of  the  derivative  O^^.ONa  bnng  ibnded ;  and  it  may  he  entirely  eon- 
verted  into  this  compound  by  the  action  of  metallic  .sodium  Just  as  sodic  hydrate, 
Na^)IT.  is  converted  into  sodic  oxide,  XaOXa,  when  fused  with  sodium.  Phenol, 
on  thi!  other  hand,  dissolves  even  in  an  aqueous  solution  of  Kodic  hydrate,  and  is 
Converted  into  sodium  phenol,  C.Hj.ONa,  which  in  fairly  stable  in  presence  of 
water,  whereas  the  compoond  C,H,.ONa  ia  immediately  decomposed  by  water. 
The  moat  atriking  evidence  of  this  ia  afforded  by  tbermo-chemical  inTeetigatton. 
Thus,  according  to  lierthelot  {Compt.  Hend.,  Ixxiii.  663),  there  is  no  appreci- 
able alteration  of  temperature  on  mixing  dilute  solutions  of  ethylic  ah  ohol  and 
potassio  hydrate,  which  is  an  indication  that  no  chemical  action  take^  place.  On 
mixing  semi-normal  aolntions  of  glycerol  and  of  sodic  hydrate  in  the  proportion 
of  (C,U,0,  +  Ax^ :  (NaOH  -f  Aq),  only  370  nnita  of  heat*  are  developed,  and 
about  the  aame  amount  of  heat  is  absorbed  on  diluting  the  resulting  mixture 
with  water,  so  that  it  may  be  ctmcliuled  that  the  sodium  derivative  formed  in 
the  first  reaction  is  decomposed  by  the  addition  of  water.  From  other  experi- 
ments i3erthelot  finds  :  i.  That  by  the  action  of  alkalies  on  glycerol  an  amount  of 
heat  ia  devebped  not  aioeedbg  in  &e  eaae  of  Bemi-normal  solutions  about  of  that 
devdopadbytheaetionofHwaeidaoiktheanEaUea.  9.  That  the  heat  developed 
increaaea  with  the  number  of  molecular  proportions  of  glycerol  added  to  one  moIe« 
cular  proportion  of  sodic  hydrate,  and  tuce  versd,  but  without  being  proportional 
to  the  quantities  added,  either  of  the  one  or  the  other  compound.  3.  That  the 
oomponnd  formed  in  a  concentrated  solution  is  decomposed  ou  the  addition  of  a 
anffident  amount  <^  water,  ainee  the  heat  devdoped  diminisbea  as  the  dQntioa 
becomes  greater.  The  behaviour  of  mannitol  ia  aimibr:  the  amount  of  heat 
developed  by  the  addition  of  suooeesive  quantities  of  a  semi--nondal  solution  of 
sodic  hydrate  to  a  semi-normal  solntaon  of  mannitol  being  in  one  experiment  aa 
follows : 

(O^O^-^  Aq)  +  i(NaOH  +  Aq)  develop  690  imita 

-+•  i(XaOH  +  Aq)  ^  370  „ 
+  i(NaOH  4.  Aq)     „     150  „ 

On  dilating  the  solution,  slightly  more  heat  was  absorbed  than  had  previotisly 
been  developed,  proving  the  decomposition  of  the  compound  formed  in  the  more 
concentrated  solution.  In  the  cast>  of  phenol,  however,  it  was  found  that  the 
amoont  of  heat  developed  waa  independent  of  the  quantity  of  water  pieaeiit» 
phenol  in  dna  reepeet  leeembltng  the  true  acids^  from  which  it  diliMra  by  having 
only  about  half  as  great  a  heat  of  neutraliiation.'f  But  the  heat  of  neutraliiar 
tion  of  trinitrophenol — the  so-called  picric  acid — according  to  Berthelot,  is  equal 
to  that  of  the  strongest  acids ;  it  will  be  remembered  that  it  has  already  been 
pointed  out  that  the  nitrophenols  exhibit  more  pronounced  acid  properties  than 
the  phenols  themselves. 

The  behaviour  of  the  aloohok  of  various  series  is  thus  obvio<u|y  analogous 
to  that  of  the  hydroxides  or  hydrates  of  various  elements ;  we  may,  in  fact, 
compare  the  two  ^'reat  classes  of  alcohols,  on  the  one  hand,  to  the  hydroxide  of 


*  A  solution  contfuning  half  a  molecular  proportion  in  grams  of  the  aob* 
atance  per  litw  ia  termed  a  aeau  noimalaeintleii.  A  nmt  of  heat  ia  the  amount 
of  heat  required  to  raise  the  temperature  off  I  gram  of  water  from     to  1°  C. 

t  On  neutralizing  solutions  of  a  large  number  of  the  stronger  acidit  by  a 
solution  of  pota.«isic  or  sodic  hydrate,  between  13.000  and  14.000  unite  heat 
are  developed  fur  each  molecular  proportion  in  giams  oi'  alkali  added. 
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the  positive  element  zinc,  and  on  the  other,  to  the  hydroxide  of  the  negative  ele- 
ment chlorine:  the  hydro«^n  in  tincic  hydroxide,  Zn(OlI),,  like  that  in 
ethylic  alcohol,  being  readily  dipplaced  by  acid  radicle*,  but  also  bj  positive 
radicles  as  shown  by  the  formation  of  compounds  such  as  Zu(OK), ;  whereas  the 
hydrogen  in  hypochlorone  aeid,  HOCl,  althongh  moet  reedily  disphu»d  by  pod- 
ttve  ndiclee  may  also  be  displaced  by  negative  radicles,  by  the  group  C,H,0, 
Ibr  example,  as  in  the  salt  chlorine  acetate,  C,H,0.0C1.  It  is  justas  impo»i«ible, 
however,  strictly  to  divide  the  alcohols  into  two  classes  according  to  tlieir  be- 
haviour with  alkalies,  as  it  is  to  divide  the  hydroxides  derived  from  the  variooa 
elements  into  the  two  classes  of  acids  and  bases. 

AH  alodhols  whieh»  like  phenol,  am  formed  torn  kydroearboilt  b  vluoli  ii 
maj  be  supposed  the  carbon  atoms  are  either  enlinly  or  partially  united  in  a 
closed  chain  (p.  392)  by  the  displacement  by  the  group  OH  of  hydrogen  atoms 
atlached  to  the  carbon  atoms  which  are  a  part  of  the  closed  chain,  resemble 
phenol  in  their  behaviour  with  alkalies ;  thoee,  on  the  other  hand,  which  are 
Ibnaod  hj  diiplMMiitnt  of  hydrogen  ilone  aitediied  to  ovbon  atoiBt  which 
wo  pert  of  «B  open  chain  naemb^  ethylio  iloohoU  glyonnd*  ud  monnitol. 
Hence  it  would  a^ear,  that  all  hydrocarbon  radiclea  in  which  tiw  caibon  atoms  are 
either  wholly  or  partially  nnit^xl  in  a  clos(»d  chain  are  more  or  less  neij'ative,  whilst 
those  in  which  the  carbon  atoms  form  an  ojkmi  chain  are  more  or  k;^s  positive. 

Phenol  has  apparently  mure  marked  acid  functions  than  any  other  alcohol, 
Ibr  not  only  do  its  homologneo  eihibit  aoid  loaotiona  to  a  leia  and  lew  aitent  an 
they  increase  in  molecular  weight,  but  a  nmilar  alteration  attends  the  increase  in 
the  number  of  loops  in  the  chain  of  carbon  atoms  (oomp,  p.  394).  the  naphthoic, 
for  example,  forming  metallic  derivatives  which  appear  to  be  less  stable  than 
those  of  j>heRoL  In  the  ethylic  series  of  alcohols,  the  basic  character  is  more  and 
more  evident  aa  the  seriee  is  ascended. 

The  behavioiir  of  the  aloohola  on  oxidation  has  ahready  been  disenaaed,  and 
need  not  be  again  referred  to.  But  attention  may  be  directed  to  the  difference 
in  the  result  obtained  by  the  employment  of  different  oxidizing  agents,  a  sub- 
ject which  has  not  yet  by  any  means  received  the  notice  which  it  deserves. 
Especially  remarkable  is  the  actioa  of  agents  such  as  chromic  acid  as  oompart-d 
with  thatof  nitrio  add  00  tlie  aloohola  nf  tiia  atiiylie  aeriea:  tha  fcnnar  reagent 
leading  in  the  oaae  of  ethylb  aloohol  to  the  ptodootion  of  aldehyde  and  ooetie 
acid,  whereas  this  alcohol  ia  converted  by  the  action  of  the  latter  reagent  into 
glycol u  acid,  ,{.c.,  the  CH,  group  being  unaffected  in  the  ooo  eaai^  but  hnring 
its  hydrogen  displaced  by  OH  in  tlie  other. 

The  formation  of  substitution  derivatives  from  the  alcohols  of  various  seriee 
by  the  action  cS  dilorine,  Ac.,  is  apparently  sulgeot  to  lawa  airailar  to  those 
which  obtain  in  the  case  of  the  hydrocarbons.  All  experiments  hitherto  madn 
warrant  the  conclunion  that  the  behaviour  of  ethylic  alcohol  with  the  halogens 
(p.  462)  is  typical  of  all  alcohols  in  which  the  OH  groups  are  associated  with  carbon 
atoms  forming  part  of  an  open  chain,  and  derived  from  hydrocarbons  in  which 
the  carbon  atoms  are  either  partially  or  entirely  united  in  this  manner ;  whilat 
iha  behaviomr  of  phenol  with  the  halogens,  and  indeed  with  reagents  geneinUy, 
appears  to  be  more  or  Igrpieal  of  all  similat  1y  constituted  alcohds.  Thn 
OH  group  in  the  alcohols  has  a  very  great  "controlling"  influence  on  substitution  : 
this  is  shown  especially  by  tl\c  behaviour  of  phenol,  the  tendency  of  this  com- 
pound (p.  489)  being  always  to  form  either  ortho-  or  para-derivatives,  whereaa, 
it  wll  be  remembered,  beooena  fhnUiea  diiefly  meta^-derivatifea  whan  tnb- 
mitted  to  the  action  of  nitric  and  snlphorie  adda;  the  infloenoe  of  tha  OH  in 
phenol  is  therefore  similar  to  that  of  the  halogena  in  the  mono-haloid  dafiTatiTon 
of  benzene,  and  is  different  from  that  of  the  group  X()^  in  nitrobenzene  and  of 
the  group  SO^U  in  benzeneaulphonic  acid.    The  investigation  of  the  extern  to 
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whieh  ralMiifatum  bu^  b§  effitefted  md&t  oriaatecj  oonditions  in  the  honologiiet 
of  phenol  indieitn  that  the  infloeDoe  which  the  poeiti^e  hydrocarbon  ndtcled, 
or  side  chains,  may  exert  in  <^poBition  to  that  of  the  negative  OH  group  is  de- 
pendent upon  the  relative  "  positiona"  of  the  latter  and  the  former.  Thus,  in  phenol 
itself,  three  atoms  of  hydrogen  only  are  readily  displaced  under  ordinary  con- 
di&Bo :  now  thymol  (p.  494)  or  metbylpropylpbenol,  which,  although  a  di-de* 
livotivB  of  phenol,  bae  only  one  of  the  tide  ebahw  in  ft  poeitioa  in  which  ■obifcitutioii 
may  be  effiBcted  in  phenol,  behaves  almoet  as  ft  mono-derivative  of  the  latter,  yielding 
di-substitution  derivativen  under  ordinary  conditions;  but  metaxenol  (p.  492)  or 
orthoparadimethylphenol,  in  which  both  the  side  chains  are  in  positions  in  which 
•ubetitution  may  be  ellected  in  phenol,  also  readily  furnibhcH  di-  and  not  mono-sub- 
■titotion  derivatives  when  submitted  to  the  action  of  bromine  or  of  nitric  acid : 


Apparently,  therefi)i«,  tiie  OH  gronp  in  thjmol  ia  only  inflaenoed  by  one  of  tiio 
aide  ekaina— tis^  that  in  the  ortho-poaation,  wbilat  the  aame  group  in  metaxenol 

ia  influenced  by  both  the  side  dhaina. 

The  OH  groups  in  the  diinybenzenes  appear  to  exert  the  same  influence  as 
in  phenol :  reMJicinol,  in  which  one  of  the  hydrogen  atoms  is  in  the  meta-position 
relatively  to  both  groups,  furnishing  tri-substitution  derivatives — IribromoreKorcin, 
for  example ;  whilst  pyrocateubol,  in  wbtuh  the  hydrogen  atoraa  are  all  either  in 
tba  ortho-position  or  the  pam-poaition  to  one  or  other  of  the  OH  gronpa,  la 
~  into  tetmbioinopyTooateehoL 


The  Carl/ohydraies. 

(1553)  This  name  is  applied  to  a  class  of  oompovnds  allied 
to  the  hexhjdric  alcohols  mannite  and  dnlcite^  connsting  of 
carbon,  oxygen,  and  hydrogen,  the  last  two  elements  being  always 
present  in  the  same  relatiTe  proportions  as  in  water.  Their  composi- 
tion is  expressed  by  the  formulie  CJI^Og,  (CgH^p^)^  C^Hg^On, 
and  (C^H^oO^Q,  n  in  the  last  of  these  formulm  being  always  a 
whole  number,  which  is  probably  never  less  than  throe ;  its  Talne, 
however,  has  not  yet  been  ascertained  with  certainty  for  any  of 
the  carbohydrates.  Thoy  arc  physiologically  of  the  greatest  im- 
portance :  ouly  one  chiss  of  compounds,  in  fact — the  so-called 
albuminoids — being  of  equal  importance,  for  they  are  the  chief 
constitueuts  of  all  plaats,  and  are  of  constant  occurrence  in  animal 
tissues. 

The  carbohydrates  of  the  composition  CgHjoOg  and  C^jHgjOjj 
are  readily  soluble  in  water,  and  more  or  less  sweet  to  the  taste : 


*  The  croxscft  indicate  tiie  "  po^itione"  in  phenol  in  which  alone  anbatitution 
ia  efCecled  under  ordinary  couditiona* 
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ordinary  sugar  is  a  oomponnd  of  tiie  Ititer  fbrmnU ;  ISbote  of  the 
oooipositioii  (CgH^QOg)„  are  mostly  insoluble  in  water,  as  starch 
and  cellulose,  for  example.  The  carbohydrates,  like  most  of  the 
polyhydric  alcohols,  readily  undergo  change  when  heated  ;  but  they 
seldom  furnish  well  characterized  products  when  submitted  to 
the  action  of  reagents.  They  are  very  readily  oxidized,  and 
many  of  the  soluble  carbohydrates  have  the  property  of  re- 
ducing an  alkaline  solution  of  a  cupric  salt,  cuprous  oxide  l^eiug 
precipitated  ;  as  diflereat  carl)ohydrates  exhibit  different  reducing 
powers,  and  the  anioutit  of  cuprous  oxide  precipitated  is  constant 
for  a  given  variety,  this  proj)erty  is  of  great  service  in  dif- 
ferentiating and  also  in  estimating  the  various  carbohydrates. 
They  are  also  characterized  by  the  power  which  their  solutions 
exhibit  of  causing  the  deviatioa  of  the  plane  of  polarization  of 
light,  each  carbohjrdrate  differing  in  the  extent  to  which  it  affects 
poUriied  light :  a  property  which  is  equally  of  service  as  affording 
a  means  of  distinguishiugandof  estimating  soluble  carbohydrates. 
•We  shall,  therefore,  before  proceeding  to  the  description  of  the 
individaal  carbohydrates,  shortly  describe  the  methods  by  which 
tke  cupric  oMe  reducing  power  and  the  4pec(/Sc  rotatcrff  power  of 
aohible  carbohydrates  is  determined. 

(1554)  DOermbtaHom  tftkeOtprie  Oxide  JMueinff  Paw&r  ^  SoUbU 

Carbohydrates. — Dextrose  being  the  sobetance  of  which  the  reducing  power  was 
fir«t  determined,  it  may  he  taken  as  the  standard  to  which  to  refer  all  other 
carbohydrates,  the  cupric  oxide  reducing  po\v«?r  being  the  amount  of  cupric  oxide 
calculated  as  dextrosei  0,11^,0,,  which  100  partit  reduce.  Thus,  the  cupric  oxide  re- 
ducing pomrofdsitrMS  being  ioo,tluiiofBMlftoMis65,  and  that  ofmiDc  sugar  70. 

I%e  'Saprie  solntrao  emplojed,  whkh  is  osoally  tanned  FeUhigf •  eolntiMi,  is 
prepared  by  dissolving  35  grams  of  pure  sryehdlised  osprio  eal^te  in  about 
200  cc.  of  water,  and  in  another  vessel  173  grams  of  pure  potassic  sodic  tartrate 
— so-called  iiochelle  salt — in  480  cc.  of  a  solution  of  pure  sodic  hydrate  of  ap. 
gr.  1*144  the  tirst  solution  is  then  added  gradually  to  the  second,  and  the  de«p 
blne-eoloond  clear  fluid  is  dilated  to  1000  cc.  It  sBiiit  be  kept  in  a  sool,  dmrk 
plaoe,  in  well-cloaed  bottles,  filled  to  the  top,  as  the  action  of  li^t»  or  the 
absorption  of  carbonic  anhydride  would  lead  to  the  separation  of  cuprous  oxide 
upon  mere  exposure  to  heat.  Hefore  using  the  solution,  mix  10  cc.  of  it  with 
400  CO.  of  water,  and  boil  the  mixture  for  some  minutes ;  if  this  produces 
the  least  change,  and  causes  the  separation  of  even  the  smallest  quantity  oS 
oapnras  OKide,  the  lolotioa  is  onfit  for  vsa  Of  this  lolotioa,  25 — ^30  ee.  sr» 
poured  into  a  beaker  of  130 — 14000.  capacity,  together  with  about  50  cc  of 
boiling  well-boiled  water ;  the  beaker  is  then  placed  in  a  water  bath,  which  is 
kept  boiling,  and  at  the  end  of  live  or  six  minutes,  when  the  dilute  copper 
solution  has  acquired  as  nearly  as  possible  the  temperature  of  the  bath,  a  known 
quantity  sf  tlM  solntioii  to  be  totted  is  added,  and  the  beating  ooofiniied  Ibr 
t«rel?e  er  fewteea  aunntes.  If  the  Use  eohmr  eompletely  diisppesm  in  the  fiml 
three  or  four  minutes,  it  can  bo  restored  by  adding  quioklj  more  copper  solotioii, 
but  if  two  or  three  additions  be  necessary  to  insure  an  excess,  the  experiment 
must  be  sacrificed,  and  a  fresh  one  made  with  a  smaller  quantity  of  the  carbo- 
Ji)-drate  solution.    iSatiafactory  results  cannot  be  obtaiut^d  unless  this  precautioa 
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be  adopted :  the  numbers  generally  fallinc^  too  low  with  solutions  of  maltose  or 
the  glucoses,  and  too  high  when  dextrin  is  also  present*  if  the  arooant  of  cupric 
wdtttion  employed  be  not  from  the  fifst  in  exoees.  After  thirteen  to  firarteea 
m in  utt-H*  heating,  the  precipitated  caprons  oxide  is  rapidly  filtered  oat»  waehed 
with  boiling,  well  boilud  writer,  dried,  and  ignited  in  the  usual  way;  strong 
ignition  in  an  open  {xncelain  crucible  for  five  or  six  minut«'h  completely  converte 
tlie  cuprous  into  cupric  oxide,  and  treatment  with  nitric  acid  is  uuuecessary. 

Th»  time  of  beating  Aim  noitioned  gives  the  tme  redaction  iat  itaHum 
and  maltoee,  tnd  the  qnantity  of  eaprooa  oxidi  pceeipitated  vsmeine  ooostant, 
even  if  the  heating  be  continued  for  twenty  minatee ;  bat  if  tlie  solution  in  ad> 
dition  contains  dextrin,  the  reduction  becomes  greater,  owing  doubtless  to  the 
slow  conv»Tsion  of  the  dextrin  into  substances  capable  of  acting  upon  the  caprio 
solution  (O'bullivan,  Juum,  Chem.  Soc.,  1876,  ii.  130). 

Tho  aiprie  oxide  redocing  power  is  often  determined  volomctricaUy,  tiie 
Fehling'i  eolation  being  made  whb  34*639  gnmw  oryBtaniMd  caprio  salphato 
per  litre,  so  that  10  cc.  correspond  to  '05  grams  of  dextrose:  10  cc.  of  the 
cnpric  solution  and  40  cc.  of  water  are  heated  in  a  water  bath  kept  boiling,  and 
the  highly  dilute  solution  of  the  carbohydrate  is  added  in  small  quantities  from 
a  burette,  until  the  bluish-green  colour  of  the  solution  entirely  disappears.  Although 
eonoordant  lesolts  magr,  with  great  oave,  be  obtained  bj  thia  pvoeeeai  the  grari- 
metrieal  method  ia  &r  mote  leSabloi  and  involTea  feiy  little  more  tronblo  in  its 
exeeation. 

('555)  Defcnni nation  ffike  specific  Rotatory  Tower  of  Optically  Active 
Substances. — The  phenomena  of  polarization  have  b^n  dbcuesed  in  the  furst 
volume  of  this  work  (117  — 126).  It  has  there  been  pointed  out  that  if  a 
polarized  ray  be  transmitted  through  a  plate  of  quartz  cut  at  right  angles  to 
the  optio  ads  of  the  crystal,  the  plane  of  poUrixation  nndeigoee  rotation  in  • 
degree  proportional  to  the  thidmees  of  the  plate,  certain  crystals  of  qaartz 
producing  right-handed,  and  certain  others  left-hauded  rotation.  Many  liquids, 
such  as  the  terpenes,  amylio  alcohol,  and  solutions  of  cane  sugar  and  other  carbo- 
hydrates, of  tartaric  acid,  and  of  a  number  of  the  alkaloids  also  exhibit  this  property, 
althoogh  to  a  mnch  less  marked  extent  than  quartz.  The  manner  of  deto^ 
mining  the  degree  of  rotation  produced  by  an  optically  aetifa  sabotance  ia  aa 
follows.  Suppose  a  beam  of  monochromatic  light,  such  as  that  given  by  n 
Bunsen  flame  in  which  a  bead  of  sodic  chloride  ur  carbonate  is  heated,  to  pass 
through  a  pair  of  Nicol's  prisms,  one  of  which  serves  as  polarizer,  the  other  aa 
analyser,  and  that  the  analyser  is  turned  at  right  angles  to  the  polarizer  so  that 
no  light  eon  paoa  throagb  the  latter :  on  interposing  between  them  a  plate  of 
qoartx,  cat  aa  abovo  doseribod,  the  field  will  become  iUnminated  with  yeUow 
light,  and  it  will  be  neeeeeary  to  turn  the  analyser  throofl^  a  certain  angle,  either 
to  the  left  or  to  tho  right,  according  as  the  quartz  is  cut  from  a  right  or  left- 
handed  crystal,  to  render  the  field  dark  again  ;  or,  what  is  the  same  thing, 
instead  of  rotating  the  analyser,  the  polaxizer  may  be  turned  in  the  opposite 
direction.  Whan  oidiaary  white  light  ia  employed,  tho  field  netcr  beoooMa 
darh,  but  assumes  diflbiant  tints  as  the  analyser  is  rotated.  The  plate  of 
quartz,  in  fact,  causee  the  plane  of  vibration  of  the  polarized  ray  to  be 
deflected  through  an  angle  equal  to  that  through  which  the  analyser  has 
been  moved,  but  in  the  opposite  direction :  the  quartz  twisting  the  polarized 
ray  in  one  direction,  so  to  apeak,  and  the  analyser  twisting  it  back 
again.  It  haa  been  fband,  moveo? er,  that  the  d^ree  of  fotation  is  directly 
proportional  to  the  thickness  of  the  fiate;  hence,  if  we  know  the  amount  of 
deviation  produced  by  a  given  thickn^  of  quartz,  say  a  plate  one  millimetre 
thick,  we  can  make  it  the  standard  of  comparison  for  tlie  deviation  produced  by 
,    other  substances.    If,  instead  of  the  sodium  flame,  any  other  kind  oi  humuge- 
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17' 

2  2* 


29'  47^ 


neoux  light,  red,  green,  or  violet,  be  employed,  similar  results  are  obtained,  but 
the  angle  of  rotiition  varies,  being  least  for  red  and  greatest  for  violet  light,  ai 
shown  in  the  following  table,  which  gives  the  deviation  for  a  plate  of  (j^oartz  ooe 
BuUimttra  mfhiokiMM,  m  determined  bj  Biot : 

Extreme  red   

Bed  glass  (oxide  of  copper)   

Limit  of  red  and  oraiij^'e    ...  ,„ 
Limit  of  orange  and  jellow 

Mean  yellow   

LimitofjeUow  and  green  ...  ... 

of  green  and  blue   

of  blue  and  indigo  , 

„    of  indij^o  and  violet  , 

Extreme  violet*    


25' 
28' 

1 8' 
24**  oo' 
25'  40' 


f» 


30 

34! 


2' 
34 

37: 5^: 
44  4 


00" 

47" 

49" 
00 

31" 

45" 
18" 

58" 


All  II10  initniments  employed  for  determining  ilie  rotatory  poUuizalion 
of  liquids  consist  essentially  either  of  two  Nicol's  prisms,  or  of  two  double-refr^ 
ing  prisms,  one  of  which  serves      polarizer,  and  the  other  as  analyser,  between 
which  a  tube  of  known  lenglh — usually  200  mm. — ia  placed,  containing  the 
*    |.  liqaid  under  examination;  bat 

m,  393.  as  it  is  diffienlt  witk  s  uepfe 

apparatus  of  this  kind  to  deter- 
mine when  the  light  oompletelj 
disappears,  or  when  a  jmrticular 
tint  ap^iears,  on  rotating  the  ana- 
lyser or  polarizer,  various  device! 
•re  adopted  to  render  tlis  in* 
etnunont  more  senotiffo. 

In  Soleil't  spparatos,  one  of 
the  forms  of  which  is  representt4 
in  fig.  392,  a  biquartz  or  double 
plate,  gd,  one-half  coniii^tiog  of 
right-hsndedfSnd  thootherof  kA- 
handed  quartz,  3*75  mm.  thi^ 
is  placed  behind  the  polarizer  € 
at  p.  Quartz  of  this  thickness 
produces  at  a  certain  position 
of  the  analyser,  a  peculiar  pa!e 
nse-fiolet  tint  etUed  the 


^■■■l«i|j^^jgfff|Jj|g|nnfl 


litNr  or  tramUum  tint  from  tbe  rapidity  with  whieli  it  obsnges  to  rose  or  violet 
on  moving  tiM  Snsljssr;  but  the  change  of  colour  takes  place  in  the  oppcuitt 
order  in  the  two  ludfos  of  the  pUte,  ao  that  although  the  whole  lield  viA 


*  Broch  gives  the  following  number  for  the  rotation  produced  by  1  mm.  of  quaril 
on  light  of  the  refirangibility  of  some  of  the  chief  lines  in  the  solar  spectrum : 

B  C  D  E  F  G 


15*  18'      17*  is'      ai*  4c/      2f  a8' 


32"  30' 


IS* 


Be  Laynes  and  Girard  {Compt,  Mend.^  Ixxx.  1354)  hsve  re^  ontly  determioid 
with  great  care  the  deviation  produced  by  a  plate  i  mm.  in  thickness,  using  a 
gas  flume  tinged  by  sodic  chloride,  the  light  from  which  is  almost  of  the  same 
refrangibility  as  the  D  line  i  they  find  21"  48',  the  possible  error  beiitg  at  luo^ 
four  minutes. 
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■ppatr  mrifrrmly  ooloartd  wboi  tiha  polariisr  aod  the  tauXjuat  tre  wt  with 
their  principal  aeetioiM  pmUd,  the  dightett  rotation  of  the  ktter.  or  the 
introduction  of  an  optkMkUy  ective  substance  between  them,  will  cause 
one-half  ol'  the  field  to  assume  a  redder,  and  the  other  a  bluer  sliade  than  before. 
In  this  apparatus,  however,  in  place  of  nuasuring  tiie  angle  of  rotation 
€f  the  polarizer  or  analj  ser,  the  thicknetw  ui'  a  plate  of  (quartz  required  to  ueutrulize 
fiM  fotatocj  pohritetimi  of  the  liquid  ii  ertimated;  hat  m  the  tabetMioe  nwj  be 
mther  dextrogyrate  or  bevc^jfrate,  it  ii  neoeaeaiy  to  provide  for  the  determinar 
tion  in  both  directions.  This  is  done  by  inserting  a  plate  of  qnartz  of  arbitrary 
thicknetu,  q,  cut  from  a  rigiit-handed  crystal,  between  tlie  analyser  and  the  liquid 
to  be  examined,  and  immediately  in  front  of  this  a  compensator,  r,  a  horizontal 
•Mnou  of  which  is  shown  at  iwli ,  couiiibiing  uf  iwu  wedge>shaped  pieces  of 
fpaglz  of  eontrary  rotstioii  to  the  plate  q,  bat  like  it  eat  perpendieolar  to  the 
■xis  of  the  crystal ;  these  wedges  osn  be  moved  one  over  the  other  by  » toothed 
pinion  fixed  to  the  button  b,  acting  on  two  VMske  adapted  to  the  lower  part  of 
the  mountings  of  the  wedges,  and  are  thus  equivalent  to  a  single  plate  whose 
thicknesii  may  be  varied  at  pleasure.  An  ivory  Kcale,  e,  ri  prtijented  separately 
at  B,  is  attached  to  the  mounting  of  one  of  the  wedges,  and  a  vernier  to  the 
othtt,  the  latter  asnring  to  measara  the  oppoaitedisplaoemeDta  of  the  two  wedges. 
When  the  asroi  of  the  scale  and  vernier  oointtide,  the  two  wedges  are  opposito 
to  one  another,  and  their  thicknesses  are  together  equal  to  that  of  the  plata  q, 
the  rotatory  power  of  which  is  therefore  neutr.ili/.cd  by  them. 

The  liquid  to  be  examined  is  contained  in  the  tube  T,  placed  between  two  per- 
fiavted  diaphragms  DD',  one  of  which,  D,  is  fixed,  while  the  other,  D',  can  be  re- 
moved at  pleasure  to  ngreater  distanoe  from  D  by  a  spring  shown  in  section  at  jy. 

Before  using  the  inetrament  &r  an  observatioo*  the  tube  T  ia  filled  with 
water,  and  the  wedges  are  set  so  that  the  leros  of  the  seale  and  vernier  coincide 
and  the  analyser  a  is  then  turned  by  means  of  the  endless  screw,  r,  into  such  a 
position  that  on  l(X>king  through  the  small  telescope  L.  the  two  halves  of  the 
doable  plate  (/d  appear  uniformly  colooi-ed;  or  an  uniformly  coloured  field  is 
prodneed  by  adjusting  the  wedges,  and  the  leros  of  the  scale  and  vernier  are  made 
to  coincide  by  moving  n  aerew  oonaeeted  with  the  fcrmer.  If  the  tube  T  be  now 
filled  with  the  liquid  to  be  examined,  on  placing  it  between  the  diaphragms  DIK, 
the  two  halves,  y  and  <f,  of  the  double  plate  will  K-  found  to  exhibit  very  different 
colours;  and  to  re.>tore  them  to  equalit}'  tlie  compensator  /•  must  be  so  adjusted 
nit  to  produce,  together  with  the  plate  q,  a  rotation  opposite  to  that  of  the  liquid. 
The  direelion  m  whiob  the  vernier  ia  moved  along  the  scale  indieatee  the  direo- 
tion  of  the  rotation  ezeroisad  hf  the  liquid,  and  tiie  dbplaeement  of  lite  vernier 
gives  the  thickneee  of  quartz  ntquired.  to  neutralize  this  rotation  when  the  thick- 
ness of  quartz  corresponding  to  one  division  of  the  scale  is  known.  In  the 
Soleil*Dubuecq  instrument,  the  scale  is  so  graduated  that  lOO  divisions  corre- 
spond to  I  mm.  of  quartz,  and  the  vernier  is  merely  provided  with  a  single 
mark,  ao  that  the  tbiehness  of  the  eonpenaakor  requind  to  neotnliM  the 
eolation  may  be  asoertamed  to  the  looth  of  n  millimetre. 

Either  ordinary  daylight  or  the  light  from  an  argand  lamp  is  employed. 
When  either  the  light  or  the  liquid  in  the  tube  in  coloured,  this  colour,  added 
to  that  produced  by  the  polarization,  modifies  the  sensitive  tint  and  diminishes 
the  accuracy  of  the  observation.  To  neutralize  this  colour,  in  some  instruments, 
m  douUe-iefracting  prism,  n,  and  a  quartz  plate,  t,  fixed  in  n  aocket  which  can 
be  turned  round  in  ita  own  plane  bj  meaoe  of  n  toothed  wheel  or  pmien,  i,  and 
the  button  B  are  phiced  at  K ;  but  in  others  at  L.  The  plate  i  yields  a  colour 
which  may  be  varied  by  turning  the  prism  n,  so  that  a  position  of  this  prism 
may  be  found  which  gives  a  tint  cap^)le  of  seojiibiy  neutralixing  that  oi'  the 
liquid  ur  light  employ 
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Soleil't  apparatus  is  especially  adapted  to  saoehttrme  solations,  which,  at  Sot 
has  ahown,  dispena  light  aooording  to  the  aaina  law  aa  qiiaT(z,ihe  aagleaof  vote* 

tion  for  the  different  simple  colours  being  approddnuUely  proix>rtional  to  the  squaws 
of  the  indicch  of  refraction,  or  inversely  as  thesquiirea  ot  tlie  wave  lengths  ;  bewW 
it  is  usually  oiUed  a  saccharumeter.  IJut  it  does  not  give  good  r^ults  witil 
liquids  such  as  a  solution  of  tartaric  acid,  lor  example,  whose  rotatory  power 
dMa  not  fellow  Bbt'a  Uw ;  for  detennbing  tiw  rotatory  power  of  aaeh  liqnidf 
the  ohaerfBtioii  moat  he  made  with  monoefaromatio  light,  soch  aa  that  of  a 
Banaen  or  apirit  flame  tinged  yellow  with  sodic  chloride  or  sodic  carbonate.* 
The  instruments  most  frequently  employed  for  this  purpose  are  Wild's  polaril- 
trobometer,  and  the  Jellett-Cornu  polarimet<*r,  in  both  of  which  the  angle  If 
directly  observed  through  which  it  is  necessary  to  turn  the  polarizer  or  anatyMT 
ao  aa  to  Deatraliae  the  polarisatioo  piodaoad  tj  a  oolornn  of  the  Kqnid  or  aote* 
tion  under  examination  contained  in  a  tube  of  known  length. 

In  Wild's  polaristrobometer  a  Savart  double  plate  of  quartz  is  placed  be- 
hind the  analyser,  and  between  it  and  the  tube  containing  the  liquid;  on 
rotating  the  polarizer,  at  certain  poeitions  the  field  appears  periectly  bright,  but 
at  others  is  crossed  by  a  number  of  dark  striie  whidi  are  men  or  laaa  inaiftid 
aoeording  to  the  lelatiTe  poaittona  of  Ihe  pohuiser  and  analjser.  The  imCra- 
mentia  ao  adjusted  that  the  zero  point  is  indicated  by  the  disappearance  of  these 
fltri.'P.  Supposing  the  field  to  be  perfectly  bright,  on  introduoint:^  the  tube  con- 
taining the  rotating  liquid,  the  striiuatonce  become  visilile,  and  in  order  tocauae 
them  to  disappear  the  polarizer  must  bo  turned  through  a  certain  angle  either tO 
the  right  or  to  tha  kfts  tfaia  angle  ia  directly  obaerfied  hy  nieana  of  a  difidti 
oirde  attadied  to  the  polariaer.  The  polarimeter  eonatroeted  hj  Hofinana  ef 
Paris  is  a  similar  instrument. 

The  Jellett-Corna  polarimeter  consists  simply  of  two  Nicol's  prisms,  the 
analyser  being  one  of  ordinary  construction,  but  the  polarizer  a  double  prism  of 
peculiar  construction.  At  a  certain  position  of  the  analyser  the  two  halvai  o( 
the  field  appear  equally  iDaminated,  and  thia  position,  whieh  maj  he  detanahied 
with  great  predaion,  is  the  zero  point  of  the  instrument ;  the  angular  deria* 
tion  is  read  off  on  a  divided  oiiele  attached  to  the  analjaer  (Bull.  Soe,  Ckim^ 
iSjo,  xiv,,  141). 

Specific  JSotaton/  rover. — The  specific  rotatory  power  of  an  optically  ac- 
tive body  is  the  angle  through  which  the  plane  of  polarization  of  a  given  nj  is 
rotated  by  passing  through  a  layer  one  dedmetre  in  length  of  a  liqnid  oontMnhig 
4niegnanofaotiveanhatukoeinoneee.{  tberefiwa  itiaoalealatedhjtfaefonaiala: 

where  a  ia  tho  ohaerved  angle  of  deviation  m  degraea  and  deefmala  of  a  d«giMb 
i,  the  length  of  the  oolamn  of  liqmd  in  decimetrBa,  and 
c,  the  eonoentration,      the  nomber  of  grama  of  active  aobotufli  m 

100  cc.  of  solution. 

For  example,  a  solution  of  cane  sugar  containing  10  grams  in  100  cc.  prodoM 
a  deviation  of  l6°'32  in  a  tube  320  mm.  long,  the  observation  being  madeftrtk 
tnnaitioii  tint  with  a  SoleQ-Daboaeq  aaochamaetar }  thMefora  t 

*■       2  2  X  -lO  '22 

*  A  bead  of  oodio  obloiide  produces  a  much  brighter  light  than  one  of  tbt 
carbonate. 
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But  if  the  ooDcentration  Is  meirared  by  the  namber  of  grams  p  in 
too  grams  of  aolntum,  ws  bstre  where  d  is  the  sp.  gr.  of  the  pore, 

astife  substance,  or  of  its  solution.    For  instance,  a  bolution  o(  dsKtlOse  of 

the  specific  gravity  ^'©359  at  I7**5  i^2)°'S  contiiininor  9*37 T 2  grams 
dextrose  in  lOO  ^rams  produces  a  deviation  of  io°"2  5  in  a  tube  200  mm.  long, 
the  observation  being  made  at  20^  (68^  F.)  with  the  Wild  polaristrobometer, 
Qsiog  sodium  light ;  hence : 

["L  =  ~ — —  -  -     ?  •  53  7J)» 

ax  1-0359 x*o937ia      '19416      ^  *^ 

Whon  the  ohssmtioa  is  msds  tut  the  trsnsitiaii  tint,  the  speeifio  rotsioiy 

power  is  indicated  by  the  sign  [oL,  and  when  it  is  made  with  the  sodium  flame 
by  the  sign  \a\  ;  the  signs  aj  and  are  respectirdy  often  employed  to  indi- 
nate  the  corresponding^  observed  angular  deviations. 

When  the  determinations  are  made  with  any  of  the  forms  of  the  Soleil 
apparatus,  the  scale  readings  must  be  converted  into  degrees  before  the  caU 
coiifeioD  oan  be  made  in  the  abovo  manner.  We  have  seen  that  in  ths  esse 
of  the  8oIei1-Duboscq  polarimeter  the  observation  consists  in  dstsrmining  the 
anmber  of  looths  of  a  millimetre  of  quartz  required  to  ooropensato  the  rotation 
produced  by  the  liquid  under  examination,  loo  divisions  of  the  scale  correspond- 
ing to  the  rotation  produced  by  i  ram.  of  quartz ;  i  mm.  of  quartz,  however, 
produces  a  rotation  of  24°  of  the  mean  yellow  j  cuutiequently  the  looth  of  a 
miUimetro  of  qnarts  corresponds  to  o**»4,  and  it  b  mwdy  nseesiaiy  to 
araltiply  the  eeale  reading  by  this  namber  in  order  to  obtain  the  number  of  de- 
gress* For  example,  a  solution  containing  10  grams  of  cane  sugar  in  100  00. 
requires  for  compensation  68  scale  divisions  or  68  hundredths  of  a  millimetre 
of  quartz,  and  hence  produces  a  deviation  of  68  x  24  or  16  32  dcf^TPos.  The 
»c&le  of  the  Soleil- Veutzke  saocharometer,  an  instrument  much  used  iu  Germany, 
Is  somewhat  less  open,  a  sobtion  of  16*19  ^«  *ngar  in  100  oe.  cansing 
n  topiaBsment  of  100  divisions  of  the  Soleil-Daboeoq  soale,bat  a  solution  of  the 
sp.  gr.  I'l  at  17*^*5  (63°'5  F.)  eontaining  26*048  grams  of  cane  sugar  in  100 
cc.  being  required  to  produre  an  equal  displacement  of  Ihe  Soleil -Ventzke  scale 
(Landolt,  ZeiU.  anal.  Chcm.,  vii.  6).    From  this  we  may  ciilculate  that  one 

division  of  the  Soleil- Ventzke  scale  is  equal  Xxi  -     or  1608  divisions  of  the 

*  1019 

Soleil-Duboscq  scale,  and  vice  vertd,  that  one  division  of  the  latter  is  equal  to 

4)r  ISai  (tf  a  dxnAm  of  the  Ibrmor;  and,  therefore,  since  one  division  of  the 
Soleil-Dnboseq  sesle  is  equal  to  0**34,  *  ^vision  of  the  Soleil-yentske  (or 

Soleil- Ventzke'Scheibler)  seale  is  equal  to  0**34  ^  I*6o8  or  o'''3859. 

The  scale  rea<Jings  of  the  Suleil  apparatus  may  be  directly  converted  into 
degrees  of  rotation  for  sotlium  light  in  the  lollowing  manner.  1 00  divisions 
of  the  scale  of  the  Soleil-Duboscq  sacc-haro meter  correspond  to  the  deviation 
of  24^  prodoced  by  a  plate  of  quartz  i  mm.  thick,  but  in  any  of  the  forms 
of  polarimeter  with  whidi  sodium  light  is  employed  a  plato  of  this  thiok- 
nass  oonses  a  deviation  of  31*  48'^:  21**80  (footnote,  p.  570);  hence  the 
rotation  in  sodium  light  corresponding  to  one  division  of  the  Soleil-Duboscq 
scale  is  =  o°*2i8.  The  rotation  corresponding  to  one  division  of  the  Soieil- 
Yentzke  soale  is  givon  by  the  proportion: 

•34  :  '38  •  '318  :  -345. 

If  the  speoifie  rotatory  power  has  heon  ohsenred  and  calculated  fi>r  the  transition 
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tint  and  it  be  dedred  to  deduce  ftom  it  the  epecilio  rotidoiy  fower  ftr  eodiom 
liglit^  or  WW  vend,  we  may  proceed  ae  fidlowa  s 


Or  more  iim|il  j : 
[a]j 


•24 
*9i8 


-218 

•a4 


[4 


Wo 


I'lO  =  [a],;  X  I'lO  «  [a],. 


The  specific  rotatory  power  of  a  pure  liquid  substance  is  a  constant  number 
when  its  densitj  and  tlie  angular  deviation  which  it  causes  are  always  deter- 
mined tut  the  attne  tenpentnve.  If,  bowcTer,  Mlatioiia  of  eodi  •  sabetanee 
with  Tariooe  inactive  eotrente  be  examined,  vahiea  are  obtained  whicb  dife 
more  or  less  from  that  given  faj  the  pore  cubctance,  aooording  to  the  nature  of 
the  inactive  solvent  and  the  proportion  in  which  it  is  pteeent,  the  specific 
rotatory  power  of  some  substances  bein^  increased,  and  that  of  others  diminished 
on  dilution.  Tlie  same  is  true  of  solid  substanc&i ;  so  tliat  the  value  obtained 
for  a  given  aolntion  doee  not  lepment  the  epeeifie  rotatory  power  of  the  pme 
substance,  but  differs  from  it  to  an  onknown  ext^t  dependent  upon  the  infliMiee 
which  the  inactive  solvent  exercises.  The  statement  of  the  specific  rotatoij 
power  of  a  substance  in  solution  is  therefore  only  of  value  when  the  composition 
of  the  solution  is  also  cited.  Moreover,  the  influence  of  a  mixture  of  two  solvents 
is  often  very  different  from  that  of  either  alone,  and  on  this  account  it  is  necee- 
aarj  to  nee  pure  eolventiy  or  if  a  mixtore  be  empkgfed,  enoh  aa  aqneone  aloohol, 
accuratdj  to  ascertun  ita  composition  ;  the  following  table  exhibits  the  alteration 
in  the  specific  rotatory  power  of  cinchonine  according  as  it  is  dissolved  in  alcohsl 
or  chloroform,  or  n  mixture  of  the  two  in  Tahous  proportions  (Ondemanna, 
Ann,  Chem.  J*/tarm.f  clxvi.  70) : 


I 

a 

3 

4 

5 
6 

7 
S 

9 
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CompoutioQ  of  the  Solution. 


lOO'OO 

99*66 

9874 

94-48 

86-95 
82-26 
65-00 
4439 

a7'54 

17-02 

O'OO 


CHCI, 


It 

M 

ft 
» 
M 
ft 
W 
$$ 


0*00 

0S4 

r%6 

^3*05 
1774 
35  00 

55-71 

7  2  46 

8298 

+  lOO'OO 


+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
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C.H.O 


H 

n 

» 
w 
I* 
t» 
f* 


+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 


a  16*^3 

226'*4 

236^-6 

237°'0 
234"*7 

229**-5 

3a6''-6 
22 

2  2  7''-8 
22irO 


The  specific  rotatory  power  of  many  substances  is  also  influenced  bj 

perature,  being  in  some  cases  diminished,  and  in  others  increased.  For  example, 
at  about  20°  C.  a  rise  of  1°  C.  reduces  the  angular  deviation  produced  by  a 
column  I  decimetre  long  of  nicotine  0°  05,  of  orange  peel  oil  o*''i9,  and  of  an 
aqueooe  edntioo  of  invert  sugar  containing  1 7  grama  in  100  ee.  by  0**11  {  oa 
the  other  hand,  the  angular  deviation  is  increased  in  the  case  of  an  aqiieoaa 
solution  of  tartaric  acid  by  a  rise  of  temperature.  It  is  therefore  of  importance 
always  to  take  note  of  the  tomporatnre  at  which  the  angular  deviation  proluced 
by  a  given  liquid  or  solution  is  determined,  and  for  accurate  determinations  it  is 
desirable  to  surroond  the  tnbe  of  the  polarimeler  with  an  outer  casing,  and  to 
allow  water  of  known  temperatufe  to  eixedate  in  the  apace  between. 
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Inasmoeh  m  the  >pe«fie  rotatory  powen  of  yarioaii  sQUUnoet  era  only  be 
properijr  compared  togethor  when  the  valnea  which  appertain  to  them  in  the 
pare  etate  arc  known,  and  as  the  specific  rotatory  powers  of  solid  bodies  cannot 
as  a  rule  be  directly  determined  for  the  pure  substances,  but  only  for  their  solu- 
tions, it  is  of  importance  to  be  able  to  deduce  the  values  for  the  former  from 
observatioos  made  with  solutions.  Biot  has  shown  tluit  if  the  specific  rotatory 
powere  of  a  munher  of  mistarea  of  ra  optically  active  liquid  mbatance  with 
an  inactive  ABmiaSlj  indiffHrent  aolvait  are  detennined,  and  the  variatioiia 
reprenented  graphically,  the  percentagca  by  weight  of  the  inactive  solvent  {g) 
being  taken  as  abscinsjp,  and  the  corresponding  values  for  [«]  as  ordinates,  in 
some  cases  the  increase  or  diminution  in  spctific  rotatory  pjwer  is  represented 
by  a  straight  line,  being  proportional  to  the  dilution,  and  may  therefore  be 
oiyioaied  hj  the  fiiiear  equatioiit 

I.  [o]  «  A  +  Bq, 

A  and  B  being  constants  deduced  from  the  observations.  In  other  cases  a 
eorre  ia  obtained,  which  ia  aaaaUy  a  portion  either  of  »  parabola  or  of  an  hyperbola, 
rad  the  nibtioB  of  the  tpedfio  rotatory  power  to  g  ii  lepraaented  by  an  ezprea* 
sumof  thefiinn: 

n.  [a]  -  A  +  Bg  +  Cj»  +  .  .  • 

or  an  eqoation  having  a  greater  number  of  eonctaata. 

With  liquid  bodieB,  commencing  witii  the  pore  anbetanoe,  the  variation  in 

specific  rotatory  power  due  to  the  influence  of  the  solvent  may  be  determined  for 
all  degrees  of  dilution,  and  the  entire  curve  constructed  from  q^o  almost  to 
q  =  lOO.    In  this  case  the  specific  rotatory  power  of  the  pure  substance  in  put 
in  place  of  A  in  the  above  fbrmolse,  and  the  values  calcukted  for  B,  or  for  B 
and  C,  tiien  repreaent  the  increase  or  diininntion  of  A  doe  to  i  per  oeni  of  the 
aolvent.    If  g  =  o  then  [a]^  A  :  in  other  worda,  we  have  the  specific  rotatory 
power  of  the  pure  substance ;  but  If  q  —  J  oo,  a  number  is  obtained  which  ex- 
presses the  specific  rotatory  power  of  the  substance  when  diluted  to  an  indefinite 
extent :  that  is»  to  say,  the  maximum  deviation  of  [a].  But  in  the  case  of  solids  tlie 
value  of  A  cannot  be  directly  observed,  and  the  extent  to  which  the  curve  can  be 
plotted  is  dependent  upon  tiie  sotnbilitj  of  the  anbstance.    The  cooatmta  oi  the 
Ibrmols  I.  and  IL  deduced  from  the  observations  are  strictly  available  only  for 
interpolation  between  the  limits  of  concentration  of  the  solutions  aotoally  employed^ 
although  if  the  variation  in  specific  rotiitory  power  is  expressed  by  a  straight  line, 
that  is  to  say,  by  the  formula  [a]  =  A  +  Bq,  the  value  of  A  may  be  determined  by 
extrapolation.    Obviously,  however,  if  the  variation  be  represented  by  a  curve,  the 
waive  dednced  for  A  in  the  ibnnnla  [a]  »  A  •!>  Bg   Cf  will  approiimate  leea  cbeely 
to  the  true  value  fiir  the  s^x  cific  rotatory  power  of  the  pmre  substance  the  shorter 
the  length  of  the  curve  which  can  be  ascertained  by  experiment.  The  determina- 
tion of  the  true  specific  rotatory  power  of  a  solid  substance  is  therefore  dependent  on 
its  solubility, and  may  at  once  be  looked  upon  as  hopeless  if  only  dilute  solutions  can 
be  preparod,  and  it  is  found  that  the  increase  or  diminution  in  the  value  of  [a]  is 
not  proportional  to  q.    From  this  abo  it  foUowa  that  the  aolvent  employed 
•hoold  be  that  which  is  capable  of  dissolving  the  greatest  quantity  cf  the  sab- 
atance  of  which  it  is  sought  to  determine  the  true  specific  rotatory  power. 

Landolt  {Deitt.  chem.  Ges.  Ber.,  ix.  901)  concludes  from  his  experiments 
that  the  degree  of  certainty  with  which  the  true  specific  rotatory  power  of  a 
Bubstanoe  can  be  determined  from  that  of  its  solutions  is  different  for  every 
•ubstrace,  being  dependent  on  the  following  nrenmstancea:  l.  On  the  degree  oif 
Tariation  which  the  rotatory  power  of  the  substance  undergoes  under  tlie  infloenee 
of  the  solvent;  2.  On  the  manner  in  which  the  variation  is  affected  by  an  increase 
of  the  adivent,  «.e.,  whether  the  variation  ia  ngnmed.  by  a  atnught  line  or  a  line 
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more  or  lens  ooirad ;  3.  On  the  concentration  of  tlie  Rolntion.  In  those  caaei  m 
which  the  linear  equation  [a]  =  A+hq  is  available  for  the  calcolation  of  A,  the 
value  deduced  practically  coincides  with  that  observed  for  the  pure  substance,  if 
the  most  concentrated  ttolutions  employed  contain  not  lesx  thiin  about  50  per  cent 
of  the  active  body :  but  if  the  variation  be  such  that  it  is  ejipres^ed  by  the  put- 
botra  eqvstaoD  [a]  3  A  +  %  +  Cq\  differeDoes  of  more  than  oeoiir  if  nliitigM 
containing  Icm  than  about  80  per  cent,  of  active  ^uh«taiiee  memploiyid. 

In  Uie  following  table  given  by  Landolt,  the  specific  rotatory  power  oft 
number  of  8ub:jtance8  deduced  directly  from  obsL-rvatioiis  with  the  t.uUtai;c« 
themselves,  and  indirectly  from  their  solutions  are  given;  the  limiting valuiii for 
q  =  o  and  =  100  are  stated,  and  it  will  be  noticed  bow  great  in  many  iiwtaitOM 
M  the  Teriatioii  of  apecifie  foUtory  power  dne  to  the  bflnenoe  tammi  IjtlM 
inioliTe  idvent: 


r  or  U10  Jran 
Sabstaooh 

fao 

r«]» 

niatioo. 

I.  LfPvorotntory  Turpentine  Oil, 
Directly  observed 

Calcolated  from  the  akdhdie  eolation 
n         It          w  aoetioacid 

37*-oi 

0"  y/ 
36'-89 

38^79 

0 

in  •  Tn 

4o'7a 

IL  Dextroroialory  TWpM^MM  OU. 

Directly  observed 

Caloolated  from  the  alooholio  eolation 

III.  yicoffne  (Irovorotatory) 
Directly  observed 

Calcuktod  from  the  alcoholic  solution 
w          »        aqueone  „ 

i6i*-55 
160  "83 
i6l''24 

22-24 

IV.  Sik^lic  tor<r»fo  (deitraratatory). 

Directly  observed  ... 

Oikwlateii  firom  the  alcoholic  solution 
„  „  eolation  in  methylio alcohol 
„    „   aqQeoos  eolation 

8*3 1 
8'*09 

io**-i9 
ii°*i9 

28*'-I2 

20^03 

Th«  eabetaneee  hieiiided  in  tiiie  table  are  all  liqwda,  hot  the  aame  mfthod  ii 

doubtless  aitplicable  to  the  determination  of  the  specific  rotator}-  ]x>wers  cf  >t^!;>is 
as  Hiol  has  shown  that  tlic  values  deduced  for  cane  sugar  and  tartaric  .ncid  froc 
oh^ervatioua  with  their  solutions  agree  with  those  obtained  for  the  eolids  then* 
selves. 

The  manner  in  which  the  qoantily  of  an  optically  active  anfaatanoe  prswat 
in  a  given  eolation  may  he  eetimated  by  the  observation  of  ita  rotatoiy  poeff 
will  be  described  later  on  under  dextrose,  cane  sugar,  and  starch. 

We  shall  have  occasioii  to  refer  to  certain  speculations  ns  to  the  connt^iif^ 
between  optical  activity  and  constitution  when  dtsoaasing  the  constitotioD  oi  tlx 
carbohydrates. 

From  the  bUowing  description  of  the  caibohydrates  it  will  be  evident  ihstthi 

I 
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«ome(  dAtarmSnttioii  of  Umut  wpmBo  roUlory  power  m  of  fandainental  impor- 
taace ;  and  in  ooododing  this  aooount  of  the  methode  is  xue,  we  may  direet 

attention  to  the  necensity  of  extending  the  oWnrations  to  solutiona  of  variooa 
de^reeM  of  concentration,  so  as  to  enable  the  true  specific  rotatory  power  to  be 
calculated.  For  most  of  the  carbohydrates  we  are  at  prenent  only  acquainted  with 
what  nvay  be  termed  the  appetremt  speoifio  rotatory  power,  i.e.,  the  specific 
niCaAory  power  wbidi  tbey  exUbit  in  eolotioo^  and  with  aeanelj  an  eiceptioa 
the  concentration  of  the  solutions  examined haa  Tariad  within  very  narrow  limits; 
in  fact,  the  influence  of  all  the  various  factors  which  affect  the  rotatory 
power,  such  as  temperature,  concentration,  and  nature  of  the  solvent,  han  not 
been  ascertained  for  a  single  optically  active  substance.  As  we  have  already 
obatrrad,  tho  oompoaitum  of  the  aolntaoii  firom  whidi  tho  apparent  specifio  rata* 
tory  power  of  tfw  body  under  enminaluNi  ia  dedneed  should  aSwaya  be  aMed, 
and  deo  the  temperature  aft  whi^  it  is  prepared,  and  at  which  the  rolaftarj 
power  is  observed ;  moreover,  in  order  to  enable  others  to  judge  of  the  accuracy 
of  the  instrument  employed,  and  of  the  method  of  observing,  each  operator  should 
state  the  value  he  has  luuud  for  j/ure  cane  sugar — a  substance  which  may  be 
prooored  wifthoot  great  diffieolty,  giving  all  the  details  of  his  method  of  operating. 

The  carbohydrates  may  provis'onally  be  arranged  in  three 
groups,  according  to  their  composition.  The  first  group  includes 
all  those  represented  by  the  formula  CgHj^Og,  and  may  be  ternu d 
the  glucose  group.  The  second,  or  cane  sugar  group,  includes 
those  represented  by  tlio  formula  Ci2^i^2^iy  The  third,  or 
starch  group,  includes  all  carbohydrates  represented  by  the  formula 
(Cf,}i^^P^^,  in  which  n  is  always  a  whole  number  ;  but  the  mem- 
bers of  this  group  form  several  sub-groups.  We  shall  in  the 
first  place  describe  the  chief  properties  of  the  individual  carbo- 
hydrates, and  afterwaids  discuw  their  genetic  relations.  It  will 
often  be  more  conyenient,  however,  instead  of  describing  all  the 
members  of  one  group  before  those  of  another^  to  consider  a 
member  of  one  group  in  connexion  with  a  member  of  another 
to  which  it  is  intimately  related. 

I.  CarbohydrtUea  of  the  Ckmipantwn  OJd^fi^  or  Gbicoiu. 

(1556)  SucRODszTBosB,  Dbxtbosb  ot  Dbxteoolucosb  ;  Ghteoie, 
Grape  or  Himey  Sugar :  C^IIj^O^. — This  carbohydrate  is  widely 
distributed  throughout  the  Tegetable  kingdom^  being  especially 
abundant  in  the  juice  of  ripe  sweet  fruits — the  name  grape 
sugar  being  derived  from  its  occurrence  in  considerable  quantity 
in  ripe  grapes ;  it  is  also  ])rcsent  in  honey ;  but  in  most  cases  it 
is  accompanied  by  sucruhcvulose,  and  frequently  also  by  cane 
sugar.  It  is  obtained,  together  with  an  equal  quantity  of 
8Ucro]i€vulose,  on  heating  a  solution  of  cane  sugar  with  dilute  acids. 

It  is  most  conveniently  prepared  from  crystallized  honey,  which  in  first 
spread  out  on  a  porous  plate  of  p  aster,  or  pressed  between  fuids  of  bibuloun 
paper,  to  ttm  it  aa  nmoh  aa  poeeible  from  the  liquid  portion.    The  nearly  lolid 
maai  is  than  dMaol?ed  in  skohol,  a  amaU  qnaatity  of  hydrodUorio  aoid  added, 
8  VP 


Digitized  by  Google 


578 


CAKBOHTORATES. 


ukd  the  lolQlMni  bmled  finr  ft  ■Imrt  tiiM  in  order  to  eonvert  any  cne  eogor  pre- 

eent  into  dextrose  and  Isevulose ;  it  is  afterwards  evaporated  to  •  tbin  sjnip  in 
a  flat  dish  at  a  gentle  heat.  The  crystals  which  separate  sooner  or  later  from 
the  syrup  are  washed  with  dilute  alcohol,  pressed,  then  triturated  with  Ktroui^ 
alcohol,  and  afterwards  washed  on  a  filter  with  strong  alcohol  and  recryt^tal* 
Used  from  mtar.  If  the  cirttob  «re  eoloqred  thej  10*7  be  again  diaaolTcd 
in  a  Bmall  quantity  of  water  and  tnated  witii  animal  olianoaL 

Sucrodextrose  is  soluble  in  a  little  more  than  its  own  weight 
of  water  at  ordinary  temperatures ;  if  the  solution  be  evaj>oratetl 
to  a  thin  syrup  it  solidifies  after  a  few  days  to  a  granular  meiss, 
but  if  evaporated  to  a  thick  syrup  it  does  not  solidity,  owing  to 
the  absence  of  sufficient  water^  until  it  has  absorbed  moisture 
from  the  air.  It  generally  separates  from  the  aqueous  solution  in 
irhitc  opaque  hemispherical  or  cauiitiower-likc  masses  of  tbe  00m- 
position  CjHjiOg -t-OHg ;  when  magnified^  these  aggregates  are 
seen  to  consist  of  six-sided  tables  or  prisms.  At  17°  {62°'6  F.) 
it  requires  about  50  pts.  of  alcohol  of  sp.  gr.  '83  to  dissolre  it, 
but  only  about  5  pts.  of  the  boiling  alcohol ;  it  crystallizes  horn 
anhydrous  alcohol  in  small  well-defined  prisms  without  water  of 
crystallisation.  It  is  much  less  sweet  to  the  taste  than  cane 
sugar.  The  hydrated  crystals  melt  at  86°  (186*^  8  F.),  and  the 
anhydrous  compound  at  146^  (294^*8  F.)  (Schmidt^  Jm,  Ckem, 
Phann.,  cm.  9a) ;  at  8a^  (179^*6  F.)  and  144°  {2gi°"i  F.)  (Hease* 
ibid.,  dxxvL  103).  On  heating  to  about  170°  (338°  F.)  it  loses 
the  elements  of  a  molecule  of  water,  and  is  converted  into  gin- 
oosan^  CqII^^O^;  if  the  heating  be  oontinned,  caramel-like  anb- 
stances  are  produced.  The  hydrated  crystals  of  dextrose  may 
be  rendered  almost  completely  anhydrous  by  heating  to  about 
70°  ¥.),  the  last  traces  of  water  being  given  off  at  a  tem- 
perature below  100°  (212°  F.)  (Hesse).  The  anhydrous  crystals 
depusited  from  alcohol  are  not  hygroscopic,  but  anhydrous 
dextrose  which  has  undergone  iusiou  rapidly  absorbs  water  in 
moist  air. 

According  to  various  observers  (Dubruufaut,  Schmidt,  Ilcsse), 
a  freshly  prepared  solution  of  either  the  anhydrous  or  hydrated 
crvstals,  or  of  sucrodextrose  which  has  been  rendered  anhvdn;us 
without  fusion,  has  an  apparent  specific  rotatory  power  calculated 
for  the  unliydrous  substance  of  [o]j  =  +  101° — 106°  ;  the  optical 
activity  j;radually  diminishes,  however,  to  half  this,  and  then 
remains  constant.  This  diminution  of  rotatory  power  takes 
place  slowly  at  0°  (32°  F.),  but  is  complete  in  24  hours  at  the 
common  temperature,  or  in  a  few  minutes  at  too*'  (212^  F.) ; 
moreoTcr,  a  freshly  prepared  solution  of  dextrose  which  has 
undergone  fosioa  at  once  exhibits  the  lower  rotatory  power. 
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The  oonstaiit  appaient  ipedfio  xotetoiy  power  of  nicrodeztrofle 
«t  the  oidmaxy  temperatore  obterred  for  Bolations  oontaining 
lo  per  oenL  or  thereabouts^  and  calculated  for  the  anhydrona 
iabetaiice>  is  somewhat  variously  stated — m.,  [a]j=+53^a 
(Dnbniiifcvt)^  56°  (Berthelot),  57*^  (Schmidt),  (B^hamp)^ 
57°-6  ((ySullivan) ;  and  [a]p=5o°-9  (Hesse),  53*^  (ToUens) : 
the  higher  values  are  doubtless  the  more  correct.* 

Dextrose  furnishes  a  number  of  uustal)le  metallic  derivatives, 
most  of  which  are  soluble  in  water  ;  their  composition  has  only 
been  imperfectly  determined,  but  excepting  the  lead  derivatives 
they  appear  to  be  formed  by  the  displacement  of  at  most  two 
atoms  of  hydrogen.  Thus,  on  mixing  alcoholic  solutions  of  dex- 
trose and  j)otassic  hydrate,  a  white  gelatinous  precipitate  of  a 
potagaiwm  derivative  is  obtained,  which,  however,  sooa  becomes 
brown.  An  aqueous  solution  of  dextrose  dissolves  considerable 
quantities  of  the  hydrates  of  barium,  strontium,  or  caldnm, 
Ibnning  yellow  solutions  predpitable  by  alcohol,  which,  even  if 
protected  from  the  air,  become  darker  and  are  decomposed  when 
kept  or  heated.  A  solution  of  4eztrose  is  not  precipitated  by  either 
normal  or  basic  lead  acetate,  bnt  an  ammoniacal  solution  of  the 
normal  acetate  produces  a  white  precipitate.  In  the  presenoe  of 
alkali  a  solution  of  dextrose  dissolres  a  large  quantity  of  cuprie 
hydrate,  forming  a  deep  blue  coloured  liquid,  from  which  cuproVis 
oxide  separates  after  some  time  on  standing  at  the  ordinary  tem- 
perature, and  quickly  on  heating ;  according  to  dana  {Jown,  pr, 
Chem.  [2],  iv.  96),  one  molecule  of  dextrose  dissolves  three  mole- 
cules of  cuprie  hydrate,  the  solution  of  each  molecule  of  the 
latter,  however,  being  dependent  on  the  presence  of  a  certain 
fixed  quantity  of  alkali. 

On  allowing  a  concentrated  solution  of  sucrodextrose  and 
sodic  chloride  in  the  proportion  of  two  mols.  of  the  former  to 


*  The  tafloanee  of  timpmtora  sod  oooeeatntion  oa  the  apptimit  spaeiilo 
nMorj  power  of  pure  saerodextroee  from  cane  sugar  or  honey  requirai  ioveeti- 
galion  :  apparently  temperature  hae  but  little  influence,  but  according  ti 
Ibeee's  observations  (for.  rtt.),  the  rotatory  power  diminishe^i  sli^'htly  with  tlie 
eonccntration  for  solutionM  containing  from  i  to  12  grams  pt-r  100  cc,  wlion  as 
from  Tollens'  obnervatiuns  {^Deut.  chem.  Ges.  Ber.,  ix.  153 1)  it  appoais  tiiat 
eommencing  with  eolatiiMis  ooateining  10—14  per  eeat  the  rotatory  power  Id* 
H  OI  If  a  oon^daniUly  with  increase  of  oonoentnitaon  (mo  Stardi) ;  it  ia  not  iin« 
probable,  however,  that  Heave's  higher  values  are  due  to  slight  errors  of  o^M'r- 
ration,  which  tend  the  more  to  disturb  the  result  the  weaker  the  solution  lor 
which  the  observation  is  made,  an  error  of  5'  making  a  difTcrcnce  of  no  less 
than  4°  in  the  specific  rotatory  power  in  the  case  of  a  solution  couUioiug  only 
I  gram  in  100  ea 
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rather  more  than  one  mol.  of  the  latter  to  evaporate  over  sulphuric 
acid,  the  compound  aCgHjjOg.NaCl  +  OHo  separates  in  large  colour- 
less lustrous  crj'stals.  An  analogous  compound  with  sodic  iodide, 
aCgHjjOg.Nal,  may  he  still  more  readily  prepared  (C.  H.  Gill, 
private  communication). 

On  heatiug  dehydrated  crystallized  dextrose  with  about  2j 
times  its  weight  of  acetic  anhydride  in  an  open  vessel  a 
violent  reaction  takes  place,  and  a  mixture  of  a  di-  and  tri- 
acetate :  CgH^o(C2H302)204  and  Q^YiJS^J&fi^fi^,  is  produced, 
which  may  be  separated  by  boiling  benzene,  as  the  latter  only  is 
soluble  in  this  liquid  they  are  amoqihous,  bitter  tasting  sub- 
ttances,  soluble  in  water.  By  heating  the  triacetate  with  a  large 
excess  of  acetic  anhydride  for  six  lioun  at  160^(320°  F.),  it  is 
converted  into  the  octaoetate  of  a  compound  formed  by  the  with* 
drawal  of  the  elements  of  a  molecule  of  water  from  two  molecules 
of  dextrose :  C,j|H^^(CgH,0^gO, ;  this  is  an  amorphous  tastelesi 
substance^  insoluble  in  water.  These  acetyl  derivativea  of 
glucose  are  all  dextrorotatory  (Schiitxenbeiger,  Arm.  Chim,  Pkjfi, 
[4],  xxi.  235). 

By  the  action  of  an  excess  of  acetic  chloride  at  ordinaiy 
temperatures,  dextrose  is  readily  oouTerted  into  the  chloracedn 

CgHjCl(C2H302)40  (acetochlorhydrose),  which  on  treatment 
with  cold  highly  concentrated  nitric  acid  yields  the  nitraoetan 

C0H7(NO3)(C2H3O2}p.  The  former  compound  crystallises  with 
difficulty ;  the  latter  crystaUises  readily  in  oblique  prisms  or  large 
rhombic  plates,  insoluble  in  water,  but  soluble  in  alcohol,  and 
melts  at  145°  (293°  P.)  without  decomposition.  Both  arc  more 
powerful  dextrorotatory  suljstanccs  tlian  dextrose  (CoUcy,  ConqU, 
Rend.,  Ixx.  401  ;  Ixxvi.  436  ;  Ann.  Chim.  Phys.  [4],  xxi.  366), 

If  perfectly  anhydrous,  and  it  be  added  gradually,  dextrose 
dissolves  in  concentrated  sidphuric  acid  without  causing  the 
discoloration  of  the  licjuid,  thus  differing  from  cane  sugar  which, 
unless  the  greatest  care  be  taken,  is  at  once  carbonized ;  an  acid 
ethereal  salt,  probably  analogous  to  the  acid  sulphate  of  glycerin 
(p.  540)  is  formed,  but  ou  account  of  the  readiness  with  which  this 
salt  is  reconverted  into  its  generators  by  water,  its  composition 
has  not  yet  been  satisfactorily  ascertained.  The  exact  com- 
positiou  of  the  nitrate  formed  on  treating  dextrose  with  highly 
concentrated  nitric  acid  is  also  unknown. 

As  already  stated  (p.  556),  sucrodextrose  is  converted  into 
mannitol  by  the  action  of  nascent  hydrogen. 

Characteristic  products  haye  not  as  yet  been  obtained  from 
it  by  the  action  of  the  halogens,  of  the  haloid  acids,  or  of  the 
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haloid  pboiphoniB  oompouncls,  chiefly  hecuue  oi  the  difficalty  of 
aToiding  its  oomjilete  deoompontum  hy  these  reagents  (comp. 
CoUey,  he.  eit,). 

It  is  Terjr  readily  decomposed  by  alkalies,  a  eolation  to  which 
an  alkali  has  been  added  rapidly  becoming  yellow  and  then  brown 
when  heated,  and  if  the  heating  be  oontinned  hnmns-like  sub- 
stances separate;  a  similar  change  slowly  ensues  at  ordinary 
temperatures.  According  to  Peligot,  the  product  of  the  mode- 
rated action  of  alkalies  is  an  amorphous  very  soluble  substance, 
precipitable  by  basic  plumbic  acetate,  which  he  terms  glucic  acid  ; 
he  assigns  to  it  the  formula  CjjHj^Ojj,  but  this  cannot  be  regarded 
as  established,  and  more  recent  researches  have  failed  to  throw 
light  on  the  nature  of  the  reaction.  By  heating  dextrose  with 
sodic  hydrate  solution  in  the  proportion  of  500  grams  of  the 
former  to  500  cc.  of  a  solution  of  the  latter  of  the  sp.  gr.  1*34 
diluted  with  an  equal  volume  of  water,  Hoppe-Seyler  {Deut.  chem, 
Ges.  Ber.y  iv.  346)  tfks  obtained  ordinary  fermentation  lactic  acid, 
together  with  formic  acid,  which  is  the  only  volatile  acid  pro- 
duced, small  quantities  of  pyrocatechol,  and  uncrystallizable 
substances  of  unknown  composition.  The  reaction  commences 
at  about  96°  (204°'8  F.),  and  is  extremely  violent,  the  tempera- 
ture of  the  liquid  rising  to  about  116°  (240^-8  F.).  The  lactic 
acid  produced  amounts  to  to — 20  per  cent,  of  the  air-dry  sugar. 

Dextrose  is  also  acted  upoja  with  extreme  facility  by  oxidizing 
agents.  It  has  already  been  pointed  out  that  it  easily  reduces 
an  alkaline  sdution  ik  oupric  sulphate;  numerous  experiments 
ha?e  shown  that  exactly  fi?e  molecules  of  the  cnpric  salt  are  reduced^ 
and  two  and  a  half  nralecules  of  cuprous  oxide  precipitated  for  each 
molecule  of  dextrose  oxidised^*  and  it  is  on  this  &ct  that  the 
method  for  the  estimation  of  dextrose  described  on  pp«  568 — ^569  is 
based.  Dextrose  is  also  oxidised  by  an  alkaline  solution  of  potassic 
ferrii^anide ;  it  precipitatea  siher  from  a  solution  of  argentic 
nitrate  on  boiling ;  it  reduces  feme  to  ferrous  salts,  and  oil  heat* 


*  Although  the  amount  of  cuprio  salt  rodaced  by  a  given  quantitj  of  dextrose 
it  eomtaat,  the  natara  of  th*  feiefeba  hm  not  been  eeeerteined,  bnt  it  in  appa- 
rently extremely  oomplflK.  Thai,  from  a  number  of  experiuoents  on  the  action 
of  eapric  hydrate  in  presence  of  potassic  hydrate,  Claua  {^Ann.  Chem.  Pharm., 
cxlviL  114;  Joum.  fyr.  Chem.  [2],  iv.  63)  oonsiders  that  the  products  are  of 
three  kinds — viz. :  I.  Acetic  and  formic  acids.  2.  A  mixture  of  non>volatiie 
acids  oontuning  tartronio  acid,  which  can  be  teparated  in  liw  eiyslilliae  slale^ 
and  wbieh  fornUlMi  otyttattine  salts  1  an  acid  wbioh  it  vetdily  deeompoted  on 
ImiUiig'  ita  aqueooa  or  ammoniaoal  solution,  with  separation  of  humus-like  sub- 
stances ;  and  at  least  one  other  acid,  which  is  not  only  itself  uncryattUistblOi  ^ut 
abo  fonushes  ttncryataUisable  aalta.   3.  A  gam-like  tubatanoe. 
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ing  it  wiiii  a  Miatioii  of  sodic  carbonate  and  barie  bitmiitliie 
nitrate^  a  black-brown  liquid  and  grcyisb-brown  precipitate  are 
obtained.  On  boiling  it  with  an  alkaline  solution  of  mercuric 
cyanide,  metallic  mercury  is  precipitated  ;  Knap  has  based  on 
this  reaction  a  method  for  the  determination  of  dextrose  (Ann, 
Chem.  Pkarm.,  cliv.  252),  which,  however,  according  to  Sachsse^  is 
not  reliable  (see  Cane  Sugar,  Estimation  of). 

Wlicii  dextrose  is  heated  with  bromine  and  water,  it  yields 
hydrobn)mic  acid,  a  dark  brown  liquid,  and  humus-like  products ; 
but  on  passing  chlorine  into  a  cold  dilute  aqueous  solution  of 
dextrose  as  long  as  absorption  takes  place,  then  expelling  the 
dissolved  chlorine  by  a  current  of  carbonic  anhydride,  treating 
the  warmed  liquid  with  argentic  hydrate  until  neutral^  and  precipi- 
tating the  dissolved  silver  by  sulphuretted  hydrogen^  »  solution  of 
glaoonio  acid  it  obtained  (Ulaaiwetz  and  HabermanDy  ibid.,  elv. 
I  as).  Gluconie  acid  is  a  syrup,  but  its  baric,  calcic,  and  ethylie 
salts  dystallize  well;  it  has  the  composition  CgHjoO^,  and  is  per- 
haps a  monobasic  acid  of  the  formula  CH^OUXCH.OH)«.COOH. 
By  boiling  with  dilute  nitric  acid,  d^trose  is  oiidiaed  to  sac* 
charic  add,  COOH.(CH.OH)«.GOOH,  and  oialic  acid.  On  dk- 
tillation  with  oiidiring  agents  such  as  manganic  peroxide  and 
fliplphurio  add,  it  yields  fimde  add* 

A  dilate  aqueous  solution  of  dextrose  readily  undergoes  alco- 
holic fennentation  when  mixed  with  beer  yeasty  100  pts.  dextrose 
yielding  48 — 49  pta.  alcohol. 

(1557)  Dextrogluroses  from  various  sourreg,  frhich  are  perhapa  identical 
witk  Sucrod-extrose. — A  number  of  glucosidea  (q.v.)  furnish  bodira  of  the  compo- 
nition  C.H^O,  wheu  Uecuispoeed  by  beating  with  dilute  acids,  bat  scarcely  any 
of  tiM  glaaoMs  that  oMabed  liav»  been  mifficiaitly  txamioed  to  eoible  ae  toeay 
fbat  tiny  are,  or  are  not,  identieel  with  ■Qorodextrose.  Acuordiiig  to  Schmidt 
{ibid.,  cxix.  92),  the  glnooaes  from  salicin  and  amygdalin  have  the  samerotatorj 
power  as  8acrodextro«e  prepared  from  honey;  Hetae  (ibid.,  clxxvi.  1 1 2),  however, 
states  that  he  foond  them  possessed  of  a  slightly  liigher  rotatory  power,  and  that 
glofiose  ffom  salicin  parts  with  ite  water  of  orystallizatioD  much  more  readily 
thaa  MMfodeKtroee^  but  it  woald  appesr  from  his  atatementiiluiAoii  dehjdniftiiig 
salicin-dextrose  crystallized  from  water  H  is  oonverted  into  nMrodeiineeu 
Whether  the  differences  observed  by  Hesse  are  really  inherent,  however,  or  due 
to  impurity  or  imperfect  obs^jrvation,  can  only  be  decided  by  a  more  careful 
examination.  According  to  the  same  observer,  the  dextrose  from  phloridziu  u 
mswitiilly  diArent  from  •oorodestmet  tbe  hardiatod  trjMk  wM  at  74° 
(i65*'-2  F.) ;  they  loee  only  6*7  per  eent  of  their  wtkm  of  oyeliUiwkion  when 
heated  to  60*^—70'*  (140^ — 158°  f.) ;  and  require  the  temperature  to  be  raised 
to  105°  (221°  F.)  in  order  to  expel  the  last  traces  of  water.  It  also  differs  from 
sncrodextrose  in  optical  sictivity,  ita  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  subtitanoe  in  a  solution  containing  3  per  cent,  of  the  hydrate 

C,H^,0,  +  0iI,  being  Sot  tho  ftoiUy-pcepoiod  sghitioB  La]B  =  S9°«  and  aftir 
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Aocordirifi  to  Will  niiJ  Korner  (Ann.  Chem.  Pharm.,  cxxv.  275),  the  glucose 
obtained  from  rouic  acid  ib  identical  witii  Kucrodextrose.  It  crystallizes  from 
water  in  eanliflowar-lilw  maaaaa  of  the  oompoaition  0,11^,0^  +  OH,,  which  melt 
•i  86*  (i 86^*8  F.),  and  firooi  aibadntt  alcohol  in  aahjrdrous  nodules  consisting 
of  fine  needles,  which  melt  at  144° — 146*  (29i**2 — 294''*8  F.).  It  is  dextro- 
rotatory— to  what  extent  ia  not  atated— and  haa  the  aame  eaprio  oiide  xedomng 
power  as  sucrodextrose. 

Zwenger  and  Hind  {ibid.,  cxriii.  149)  state  that  the  glnooae  from  aolanhi 
haa  all  the  propertiea  of  aaoodmctroaa,  hot  they  only  mention  that  it  orjitaUiiea 
in  oolourless,  well>formed,  apparently  rhombic  prisms. 

According  to  Briicke  and  Bence  Jones,  dextroglucose  occurs  in  small  quantity 
in  normal  urine,  and  it  is  present  in  considerable  quantity,  even  to  the  extent  of 
eight  or  ten  per  cent.,  in  diabetic  urine.  It  h  generally  stated  that  dextrose 
tnm  dUiMo  nrina  ia  Uenliflil  wiUi  anendttctrose,  but  apparently  thia  ia  by  no 
aMana  cwlaUiahad.  Tina,  Hoppo-Sojbr,  in  x86s,  naing  diabetic  aogar  ten  to 
twdvo  timee  recrystallized  firom  alcoliol,  fonnd  tiia  apparent  specific  rotatory 
power  for  a  solution  containinp^  36  ^ams  In  100  cc.  to  be  [a]i,  =  53'''45  »  * 
later  determination  with  a  Wild'a  polaristrobometer  gave  [a]D  =  52°"l,  the  pre- 
▼io<i8  determination  having  been  made  by  Broch'a  method  for  the  Fraunhofer 
lino  n.  Bceently  (SSeUt,  anal  Chem.  1875,  xiv.  303)  ho  hns  obtained  tho 
mean  value  [0]^  =  5^*''4  for  aoilationa  containing  from  4*5  to  96  per  cent  \(f 
weight  of  the  anhydrona  dextroae,  which  had  been  carefully  purified  by  often- 
repeated  cryst^illizatinn  from  alcohol;  this  value  is  considerably  higher  than  that 
given  by  sucrodextrose,  and  would  appear  tu  indicate  that  dextrose  from  diabetic 
urine  is  not  identical  with  sacrodextrose.  Pasteur  (Anm,  Ckim,  PAy«.  [3],  xxzi. 
92)  foond  tho  apfwrant  apeoifie  rotatory  power  of  tho  aodiam  cfalorido  compound 
aC,H„0,.NaCl  +  H,0  prepared  from  diahetio  sugar  to  be  [aj  a  47**l4i  and  on  the 
supposition  that  the  dfxtrose  in  this  compound  retains  its  proper  optical  activity 
uamodifiedi  we  may  calculate  its  apparent  specitic  rotatory  power  by  the  propcHrtion 

436-4  :  360   =   47''-I4  :  57°-I; 
and  thus  obtain  a  value  agreeing  nearly  with  that  directly  obiorved  for  aucro* 
dextrose.* 

Tho  dextroglnooaea  fromcelkloaa^  glycogen,  and  itarali  will  bo  deaevibed  later 
on,  when  theae  oompmmda  an  oonaidered, 


*  The  rotatory  power  of  the  sodium  chloride  compound  prepared  from  1 
doxtraoe  has  apparently  not  been  detemuned.  Aoooiding  to  Stsedoler,  the  com- 
pounds C,H„0,.NaCl  and  2C,H„0,.3NaCI -f  H/)  aometimM  aepaitto  from 
diabetic  urine  containing  sodic  chloride. 

The  determination  of  the  nature  of  the  dextrose  in  diabetic  urine  is  of  impor- 
tance apart  from  its  scientific  value,  as  the  optical  method  is  usually  employed  in 
eatimatiug  the  amount  of  sugar  in  urine.  The  deviation  prodnoad  bj  the  nrine  in 
A  tnbo  of  known  length  hanring  bean  aaoertained,  tho  nnmbv  of  gnma  of  togar  («) 
contafaiod  hi  ioo<o»  lacahwilaitod  by  tho  formnla 

_  100  .  oj  100  .  g, 

recording  as  the  observation  is  made  for  the  transition  tint  or  with  sodium  light, 
4i|  .er  /ij>  being  the  observed  angular  deviation  fur  a  column  one  decimetre  long, 
Jvd  {)aj^  or  [a^o  the  apparent  speeiie  fotatory  power  of  the  sugar  preaenti  io., 
if  di«jM^angar  is  identical  with  aw]nida[trooo[n](B  58*,  and  [aL=^  Thia 
ja  on  the  laaamption  that  the  apparent  specific  rotatory  power  is  independent  of 
concentration,  which  is  probably  not  the  case ;  but  the  variation  for  solutions 
containing  from  5  to  20  per  cent,  ia  apparently  ao  alight  that  it  doea  not  appr^ 
«i4)l/  lJ)erfisolt, 
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(1558)  SucROL.T-vuLosK  OF  L.F.vuLosE  ;  Lm'Of/lucose :  CgHjaOg. 
— This  carbohydrate  occurs  mixed  with  sucrodextrose  in  honey ; 
in  many  fruits  and  other  sacchariferous  vegetable  organs  (comp. 
Buignet,  Ann.  Chim.  P/iys.  [3],lxi.  233  ;  J.  Boussingault,  Compt. 
Rend.,  Ixxxiii.  978) ;  aud  is  produced,  together  with  an  equal 
quantity  of  sucrodcxtrose,  on  heating  a  solution  of  cane  sugar 
with  dilute  acids^  the  mixture  of  the  two  carbohydratci»  in  equal 
proportions  constitatiog  lo-callcd  invert  sugar,  from  which  it  was 
first  separated  in  a  pure  state  by  Dubninfaut  in  1847.  The 
hevoglucose  obtained  on  heating  inulin  with  dilute  acids,  accord- 
inf  to  Dubninfaut,  is  identical  with  sucrolsBTukiie^  but  this  state- 
ment requires  confirmation.  The  isolated  ooeurrence  of  sucrolse- 
Tulose  has  not  yet  been  demonstrated ;  it  is  remarkable  also  that 
none  of  the  gluoosides  hitherto  examined  furnish  lavorotatoiy 
glooose. 

It  may  be  prepared  by  Dnhmnfismfa  method  (Om^iI.  Remi,^ 
Izit.  1366),  wMdi  oonsisli  in  adding  six  parts  finely  powdered 
calcic  hydrate  to  a  cold  sdntion  of  ten  parts  invert  sugar  iu  100 
parts  water;  as  the  lime  is  added,  the  mixtnre  is  well  shaken, 
the  flask  being  occasionally  plunged  into  ice-cold  water  in  order 
to  prevent  rise  of  temperature.  A  milky  liquid  is  thus  obtained, 
which,  however,  after  a  time  becomes  pasty,  owing  to  the  tepara- 
tion  of  a  difficultly  soluble  calcium  derivative  of  Isvogluooee.  It 
is  then  thrown  on  a  linen  filter,  and  the  solution  containing  &e 
dextrose  having  drained  away^  the  residue  is  washed,  then  strongly 
pressed,  and  afterwards  suspended  in  water  and  decomposed  either 
with  oxalic  or  carbouic  acid.  On  concentrating  the  filtered 
liquid,  the  lajvulose  is  obtained  as  a  colourless,  uucrystallizable 
syrup,  or  as  an  amorphous  gum-like  mass,  much  sweeter  than 
sucrodcxtrose,  aud  more  soluble  in  alcohol. 

The  properties  of  pure  sucrolaivulose  have  been  little  studied. 
Its  apparent  specific  rotatory  power  in  aqueous  solution  dimi- 
nishes or  increases  in  proportion  as  the  temperature  rises  or  falls: 
thus  at  14'  F.)  [a]j=-io6'';  at  52°  (i25°-6  F.)  it  is 

—  79°*5 ;  and  at  90°  (194°  F.)  it  is  —53*^.  Like  sucrodextroee, 
it  famishes  a  soluble  calcium  derivative,  in  addition  to  the 
spannglj  soluble  one  above  mentioned ;  the  latter  crystallizes  in 
microscopic  needles,  and  is  formed  by  the  displacement  of  three 
atoms  of  hydrogen  by  cxUcium  (Dubninfaut).  It  does  not  appear  * 
to  combine  with  sodic  chloride  (C.  H.  Gill) ;  neither  does  it  retain 
water^  like  dextrose,  as  the  residue  obtained  on  evaporating  its 
aqueous  solution  in  vacuo  over  snXphuxie  add  has  the  composition 
OfiuPt  (I>alNnm&ut,  iM.,  zlii.  901).   When  rapidlf  heated  to 
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about  170°  (338°  F.)  it  is  converted  into  Isevulosan,  CgHj^O^. 
Its  conversion  into  mannitol  has  already  been  mentioned  (p.  5  56).* 
It  is  more  readily  decomposed  by  acids  (see  Cane  Sugar), 
but  less  readily  by  alkalies  than  dextrose ;  and  in  contact  with 
beer  yeast  it  ferments  less  readily  than  the  latter.  It  has  the 
same  cupric  oxide  reducing  power  as  dextrose,  but  it  does  not 
enbibit  the  same  behaviour  as  the  latter  with  all  oxidizing  agents, 
since,  according  to  Sachsse  (see  Cane  Sugar,  Estimation  of),  the 
reducing  power  of  invert  sugar  is  less  when  tested  by  an  alkaline 
solution  of  meronric  iodide  than  when  tested  bjr  Fehling's  solution. 
Moreover,  hy  pasting  chlorine  into  an  aqueous  solntion  of  Isevu- 
lose^  and  afterwards  saturating  the  liquid  with  argentic  hydrate, 
kc,  Hlasiweti  and  Habermann  (Arm.  Ckm,  Pharm,,  dv.  130)  ob- 
tained gfycblic  add,  CH^OH).COOH,  deitrose,  as  we  have  learnt, 
being  converted  by  this  treatment  into  de&tronic  add,  C^K^flJ : 
and  they  assume  that  three  molecdes  of  this  add  are  formed  £rom 
a  single  molecule  of  IsBvulose.  Krusemann,  however,  who  has 
prepared  glycolio  add  in  a  similar  manner  fkom  inulin-hevulose, 
states  that  the  amount  obtained  is  exceedingly  small,  and  not 
toffident  to  warrant  assumption  that  a  single  molecule  fiir- 
nishes  three  molecules  of  glycolic  acid  (Deui,  eAm.  G^.  Bar.,  ix. 
1468).  It  is  said  to  furnish  saccharic  acid  on  oxidation  with 
liitnc  acid. 

(1559)  Lactose;  Galactose:  CgHj,()g. — The  discovery  that 
milk  sugar,  when  boiled  with  dilute  sulphuric  acid,  furnishes  a 
glucose  isomeric  with  sucrodextrose  is  generally  attributed  to 
Pasteur,  it  having  escaped  the  notice  of  most  chemists  that 
A.  Bouchardat  had  previously  (in  1851)  isolated  a  body  apparently 
different  from  sucrodextrose.  The  glucose  obtained  by  Bouchardat, 
however,  had  the  apparent  specific  rotatory  power  [a]f=45°'9 
(or  [a]j  =59°*^),t  Ai^d  gave  only  traces  of  mucic  acid  on  oxidation ; 


*  Both  dextrose  and  kevulose,  when  submitted  to  the  action  of  aodium 
•nudgam  in  aqneotis  Mlatkm,  fimLili  a  smsQ  quantity  of  a  mizton  of  ilooliols 

of  the  ethyUc  seriet,  consistiDg  of  ethylic,  iMpropylic,  and  hexjlio  alcohoU,  tho 
last  of  which  is  perhaps  identical  with  the  secondary  hexylic  alcohol  from 
mannitol  (Bouchardat,  Ann.  Chim.  Phys.  [4],  xivii.  87  ;  Krusemann,  Deut. 
chem.  Ge*.  Ber.^  ix.  1465).  Ordinary  lactic  acid  is  also  produced  in  con* 
flidenUe  quantity  ;  Bouchardat  attributea  its  formation  to  the  action  of  the  sodic 
hydnto,  and  not  to  that  of  tlio  naaomt  bydrogon,  bot  it  is  by  no  nMsns  im* 
probable  that  it  is,  m  part  at  least,  a  direct  product  of  the  action  of  the  latter. 

f  It  was  customary  when  Biot's  original  form  of  apparatus  was  employed 
to  interpose  a  plate  of  glass  coloured  red  with  oxide  of  copper  between  the 
polarizer  and  the  tube  containing  the  liquid,  and  the  symbol  [a],  is  that  used  to 
iadieatstlisifeoifanlBtoiy  power  obMTvsdu  Mmr, 
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whereas  that  oVtained  by  Pasteur  (Compt,  Jtoid^iHl  347,  1856), 
gave  about  twice  as  much  mncic  acid  on  oxidation  as  milk  sugar  did« 
its  apparent  specific  rotatory  power  in  a  a  per  cent,  solution  im- 
mediately after  the  preparation  of  the  aidntion  being  [a]  j  =  1 39^  6, 
and  after  twenty-four  hours  ^^°'2.  Lactose,  according  to  Pasteur, 
crystallizes  more  readily  tLaii  siicrodextrose,  but  generally  in 
uodules  like  tlie  latter ;  sometimes,  however,  it  forms  microscopic 
rectangular  prisms,  acuminated  at  tbe  edges,  but  more  often  six- 
sided,  round-edged  laminae,  having  a  pca-shapcd  protuberance  in 
the  middle.  It  has  the  same  cupric  oxide  reducing  power  as 
sucrodextrose.  lie  was  unable  to  obtaiu  £rom  it  a  compound 
with  sodic  chloride. 

Obviously  the  glucoses  examined  by  Bouchardat  and  Pasteur 
difier  consideral)ly  in  properties ;  and  hence  it  would  appear  pro- 
bable that  two  dextrorotatory  glucoses  are  simultaneously  pro- 
duced on  inversion  of  milk  sugar.    Fudakowski  has  shown  that 
this  is  really  the  case,  and  that  they  may  be  separated  in  the 
following  manner  {MedicinUch-chetntMhe  Uni»  a,d.  Lab.  fiar 
angtwandU  Chemie  zu  TlUnngen,  i866>i.  164;  Dent,  chem,  Get. 
Ber.,  viiL  599 ;  ix.  42).    Pure  milk  sugar  is  boiled  with  a  mixture 
of  2  vols,  water  and*  i  voL  dilute  (1  :  5)  sulphuric  acid  until  the 
liquid  acquires  a  pale  brown  cokxor,  water  bcdng  added  to  replace 
that  lost  by  eyaporation ;  this  requires  about  an  hour.  When 
cold,  the  solation  is  nentraliied  with  calde  caifaonate^  a  slight 
excess  of  baryta  water  is  then  added,  and  it  is  satniated  with 
carbonic  acid.   The  filteied  liquid  is  now  evapofiled  to  a  thin 
symp,  and  to  this  alcohol  is  added,  which  causes  the  separation 
of  O'laetoH,  whilst  ^iact^e  crystalUies  after  some  time  from  the 
mother  liquor;  the  two  bodies  are  pnrified  by  recrystaUiaaftion, 
with  the  aid  of  animal  oharooal,  firom  95—98  per  oent  abohd, 
in  which  the  latter  is  eonsiderably  the  moie  scAnble.  o-Lactose 
crystallises  in  small  rectangular  prisms  with  two  end  iaoea; 
/3-lactose  forms  granules  and  occasionally  six-sided  tables,  such  as 


•ocording  to  Biot,  a  plate  of  quartz  one  mm.  in  thicknpsa  prodncet  a  deviation 
of  1 8**  2 5'  or  1 8°  4 1  of  the  light  paming  throagk  red  glaH»  nd  s  deviation  of 
24°  of  mean  yeUow  light  (p.  573) ;  hence 

and  therefore  faTj  =  t^lf  *  ^^4'^ 

*  a4 

Bed  glass,  howover,  differs  in  qoaUtgr,  and  on  tins  seesttttt  the  vsloa  of  [0]^,  oal- 
enlited  fiom  that  of  [a],,  ean  be  le^^vdsd  se  sppceadBSts  oaly,  mlMi  tlis  qosiilj 
of  ths  glsMsnflojsd  is  koswa* 
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arc  described  by  Pasteur,  containing,  even  when  crystallized  from 
98  per  cent,  alcohol,  a  molecule  of  water,  the  greater  part  of  which, 
liowever,  is  expelled  at  60^  (140°  F  )-  The  latter  appears  to  have 
a  sweeter  taste,  and  to  be  more  soluble  and  more  easily  ferment- 
able than  the  former.  Their  fnMj  prepared  solutions  in  cold 
water,  like  that  of  iiicrodextroee,  have  a  much  higher  rotatory 
power  than  after  long-standing  or  wanning ;  the  Talnes  obtained 
Ibr  tibe  two  ragan  hf  Bioch'e*  methodi  after  heating  the  lolu- 
tionsy  weie  as  follows : 

o-Laotoset  (in  a  iolatioB  sontidmDg  13  per  cent)  [ajp  =^  9  2 ''  83 

By  oxidizing  a-lactosc  with  nitric  acid,  Fudakowski  obtained 
32  per  cent,  of  its  weight  of  pure  mucic  acid  dried  at 
100°  (212°  F.);  /3-lactose  on  treatment  of  its  aqueous  solution 
with  chlorine  and  afterwards  with  argentic  hydrate,  &c.,  was  con- 
verted into  an  acid  of  the  same  composition  as  gluconic  acid 
(p.  582)^  but  which  furnished  a  crystalline  baric  salt  containing 
only  a  single  molecule  of  water,  whereaa  that  obtained  by  Ulasi- 


*  The  determination  of  the  npecific  rotatory  power  by  Broch's  method  is 
effected  bj  a  combioatioa  of  the  polarimeter  witii  the  spectroticope,  and  is  the 
moitseeMMte  of  ill  method  By  nMsai  of  a  htlMrt^  sinl^ht  is  nfl«eled 
a  fhik  loom  fhvoq^  a  nartoir  aUt*  and  tho  rajt  aio  londwed  ptrallel  by  sa 
adnomstic  lens,  find  in  such  a  pMition  that  the  slit  w  in  its  focus  ;  the  polari- 
meter, consisting  merely  of  a  po]arizer  and  analyser,  is  placed  behind  the  lens, 
and  the  beam  which  issues  Iroin  the  analyser  is  then  allowed  to  fall  on  a  pri«ni, 
in  iroDt  of  which  is  fixed  a  telescope  for  the  observation  of  the  spectrum.  The 
tube  oootaining  the  hqaid  vadsr  mramiiwlimi  u  fSboed  m  tho  anisl  maantr 
b^hnaatke  two  Kieol's  prisnw.  The  wlrilo  light  wliiiii  Mk  oa  tho  mod 
jtsoed  nearest  to  the  slit  becomes  polarized  in  a  particular  plane,  bnt  in  its 
ysiiage  through  the  polarizing  liquid  the  plane  of  polarization  i:<  deflected  to  an 
extent  which  varies  for  each  component  of  the  white  light;  the  colour  whose 
plane  of  polarization  is  perpendicular  to  the  plane  of  vibration  of  the  analysing 
Nioolfthentfbto,  osoaot  poos  through  the  laUor,  so  that  tho  spootnua  oboerved 
thioo^Uo  teleooopo  tihifails,  in  additloa  to  tho  ocdiaaty  Ftwmbofir  liaoo*  a 
Uaok  boad  which  diifts  fiom  oao  ond  of  the  spectrum  to  the  other  as  the 
analyser  u  rotated.  The  observation  consists  in  adjusting  the  vertical  spider 
line  in  the  eyn-piece  of  the  telescope  so  that  it  coincide  with  a  particular  Fraun- 
holer  line,  the  a  line  for  example,  and  the  analyser  is  then  rotated  until  the 
oentn  of  tho  blaek  band  snd  tho  spidor  lino  an  ooinoidont;  tho  anglo  throogh 
wUdi  tho  ooaljoov  hoo  boon  SBOffod  ftoin  its  orighttl  pooilkm  bofi^ 
liquid  was  introdnoed  is  then  read  off  on  the  divided  dnlo  attached  to  it,  and  the 
augukr  deviation  of  light  of  tho  lofiesngibilttj  of  tho  pationlor  lino  oboorvod  is 
thus  determined. 

t  In  distinguishing  isomoiio  oarbobydrates  by  the  letters  o,  /3,  <&o.,  it 
appean  deoinUo  to  aUdbnte  a  ddbHo  oignifioation  to  thoM  lollen,  sad  to 
Mdgactothobo^y  whUlbsBthsh%hsr,snd^  to  thot  wUoh  hss  tho  low 
lyooifio  rolBtoiypoirai* 
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wets 'and  Habennaiui  from  desEtioBe  oontamed  thiee  moleciilei  of 
water. 

A  aolnticHii  of  milk  sugar  inverted  by  boiling  with  sulplmric 
acid  yields  a  mixture  of  dulcitol  and  mannitol  when  submitted 
to  the  action  of  sodium  amalgam,  and  as  the  glucose  of  high  ro- 
tatory power  from  milk  sugar  yields  only  dulcitol  when  similarly 
treated,  we  may  conclude  that  a-lactose  is  converted  into 
dulcitol,  and  ^3-lactose  into  mannitol,  by  the  action  of  nascent 
hydrogen  (G.  iiouchardat^  Ann,  Chim.  Phya.  [4],  xivU.  79), 

There  can  be  no  doubt  from  Pasteur's  and  Fudakowtki'i  obflerfalaoostliita- 
lactose  is  a  body  altogether  different  from  nucrodextrose  ;  and  if  it  be  supposed 
that  the  /S-lactose  obtained  by  tlie  latter  chemidt  was  free  from  a-lactose,  it 
would  follow  that  it  is  aL>o  uii  isoiueride  of  sucrodextrose  a»  it  has  a  consider- 
ably higher  rotatory  powec.  /l-betoM,  bowrar,  in  many  reiipeeii  «loMfy  n- 
sembles  sucrodextrose,  which,  Moording  to  F^Mtoor,  abo  o^ttalliaeB  in  six-aided 
luininre,  although  these  do  not  exhibit  the  peculiar  prtttnbwMMWi  above  men* 
tioned.  Moreover,  Dubrunfaut  has  stated  that  when  a  solution  of  milk  sugar 
undergoes  inversion  the  rotatory  power  increases  until  finally  it  Ixauiiee  yo'^ 
of  its  original  vtlne  i  the  apparent  specific  rotatory  power  of  milk  sugar  being 
59^*3»  tlM  rotatory  powor  of  the  invorfc  ragar 'from  it  woald  tlwnfen  bo 
59'3  fo  =  77***i-  Now,  if  the  tlieoretical  rotatory  power  be  calculated 
from  Fudakowiki'a  valiuo  above  givea*  we  obtaia  a  mooh  higher  number  tkia 
thisj  thus: 

92°'8^  62^-8  ^  7^0.8.  «nahenoa[«],  =  77*-8xri  =  8s--5. 

But  if  we  asHume  that  invert  milk  sugar  is  a  mixture  of  a-Iactose  and  soflnh 
dexti'ose,  and  that  Fudakowski'a  Taloe  for  the  ibnner  is  correct**  we  have : 

9^  ^  •*•  S3      5_  y3»«95,  and  hence  [o]|  =  72°*95  X  i-i  s=8o'''a4, 
a 

whieb  is  a  mneh  doear  apprndmation  to  Dabnmlknt**  valna.  It  is  to  bo  ob> 
ionrod  also  that  the  lototory  power  of  Boaohardat's  product  (p.  585),  wlueh 

gave  only  traces  of  mucic  acid  on  oxidation,  and  which,  therefore,  we  may  sap> 
pose  was  not  much  contaminated  by  a-lactose,  i»  only  slightly  higher  than  that 
of  sucrodextrose.  Hence  it  appears  not  improbable  that  milk  sugar  on  inversion 
is  ooBTiKtod  into  suorodextroeo  and  an  isonieric  gluooaa  of  mnbh  higiier  rolatoiy 
power.  TIm  moot  snitablo  nana  Ibr  the  latter  is  laotoao,  being  tiMt  orif^aaUy 
assigned  by  Pasteur  to  the  product  which  he  isolated  from  inverted  milk  sugar, 
although  from  Pa^steur's  description  there  can  be  little  doubt  that  his  OSptri* 
meuts  were  made  with  a  mixture  only  chiefly  conaistiog  of  lactose. 


*  6.  Booflbardat  (IO0.  mL,  p»  83, 1872)  atates  that,  Iqr  reorjalalltDg  from 
alcohol  the  crystals  which  first  separate  from  tiia  eonotntiated  solution  of  in- 
verted  milk  sogar,  he  obtained  a  product  having  the  apparent  rotatory  powa 
(in  a  7'5  per  cent,  solution)  [a]j  =  82°*9,  which  nearly  agrees  with  that  ob- 
served by  I'asteur.  But  the  sign  [ci]^  is  incorrectly  used  by  Bouchardat,  who 
amployed  a  polarimeter  illnnlnated  by  sodinm  light;  thtf  valne  [a]j,  =  8a^9  er 
[a]|  ^  91**2  is  considerably  higher  than  Pasteur'a,  althoQgh  lowtr  to  aboot  an 
eqnal  extant  than  that  ohamed  bj  Fodakowahi. 
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(1560)  Ababinou;  Peeimo9e:  Cfl^O^ — ^This  gluooie  is  ob- 
tained hj  lieatbg  arabm"  from  tHe  sugar-beet,  or  gum  azabic^ 
nitb  dilate  snlpbnrio  acid,  and  was  first  described  by  Scheibler  ia 
1868  {Deui,  ehem,  Ges,Ber,,  i.  58,  108 ;  tL  612);  its  preparation 
will  be  described  later  on.  It  crystalliaes  in  very  brittle,  colonr- 
less,  glistening,  anhydrous,  rhombic  prisms  with  dihedral  summits, 
which  are  mostly  concentrically  arranged ;  the  crystals  are  sweet 
to  the  taste,  although  less  sweet  than  cane  sugar.  When  care- 
fully heated,  it  melts  at  about  160°  (320^  F.),  but  decomposes  at 
higher  temperatures.  It  is  extremely  soluble  in  hot  water,  but 
the  excess  crystallizes  out  at  once  on  cooling.  It  is  charred  by 
concentrated  sulphuric  acid  ;  on  oxidation  with  nitric  acid  it  is 
converted  into  oxalic  acid,  and  docs  not  apj^car  to  furnish  mucic 
acid.  Its  solution  dissolves  calcic  liydrate,  and  the  liquid 
becomes  yellow  on  standing  some  time,  or  immediately  on 
heating;  sodic  and  potassic  hydrate  have  a  similar  action. 
Arabinose  hjis  a  somewhat  liigher  cupric  oxide  reduciiif^  power 
than  sucrodextrose,  one  molecular  proportion  redueiuf;  3  5  mole- 
cular proportions  of  cupric  sulphate.  It  does  not  ierment  in 
contact  with  beer  yeast. 

Scheibler  found  the  apparent  specific  rotatory  power  of 
arabinose  from  sugar-beet  arabin  in  a  solution  containing  10  grams 
in  loocc,  which  had  the  sp.  gr.  i'038i  at  15®  (59*^  F,),  to  be 
[a]js  +  ii8°j  the  values  obtained  for  a  specimen  from  gum 
arable  were  slightly  diflferent, — probably  owing  to  a  difference  in 
the  temperature,  which  considerably  affects  the  rotatory  power — 
Tis.,  1%!**  for  the  freshly  prepared  solution,  and  ii<$°  after  stand- 
ing or  beating, 

(1561)  SoBBTirosB;  8wU»t  C,H,p,.— Sorbin  wis  fint  d«wribed  in  185a 

Ijy  Pelouzo  [Ann.  Chim.  Phys.  [3],  xxxv.  222),  who  obtained  it  from  the  fer- 
montod  juice  nf  Mountain  Ash  berries'  {Sorbus  aucuparia).  The  juice  expressed 
from  berries  gathered  towards  the  end  of  September  waa  allowed  to  remain  for 
thirteen  or  fourteen  months  in  stoneware  pans,  daring  which  time  a  considerable 
derebpment  of  fnngoid  growth  took  phm ;  the  clewr  liquid  wst  thtn  decanted, 
sod  eraporated  to  a  thidc  ■jrop,  and  tho  yyitalt  which  won  depmutod  pariM 
'by  recrystallization  with  the  aid  of  animal  charcoal. 

Delffs  has  observed  (Z^r/^M'A  Association  Seport,  187 1)  that  no  sorbin  is 
obtained  if  the  malic  acid  which  exists  in  the  juice  be  first  removt-il,  although  it 
is  readilj  procured  when  Pelouze's  process  is  strictly  loiiowed }  moreover,  no 
nalie  sdd  is  found  in  the  fermented  juice,  tnd  Delflb,  therefoTe,  suppoMS  flurii 
eorbin  is  formed  during  the  fermentatjon,  end  that  there  is  an  intimate  connexion 
between  its  formation  and  the  dieappesnuioe  of  the  mslie  acid.  We  maj  fagard 
this,  however,  as  doubtful. 

It  crystallizes  in  transparent,  very  regular,  rhombic  octahedra.  The  crystals 
are  hard  and  grate  between  the  teeth ;  they  are  as  sweet  as  cane  sugar.  Water 
diaaolvea  ebont  double  ita  weight  of  aorbin,  bat  it  ia  almost  inaolnble  in  alcohol  even 
whm  baling.   Its  ujpgmA  apedfie  ratsftoiy  power  in  a  eolation  oontaining 
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about  30  par  onii.  it  7^  (44^-6  T.)  is  -  46^9 ;  it  appetn  to  bo  onlj  slightly 

TBiiable  with  the  temperature,  and  just  as  great  in  a  NOtntly  prepared  solution 
as  in  one  that  has  been  kept  (Berthelot).  It  forms  a  compound  with  sodic 
chloride  crystallizing  in  cubes.  It  may  be  heated  to  fusion  without  loss  of  weight, 
but  on  heating  it  to  150" — 180"  — 356'*  ¥,)  water,  which  is  slightly 
acid,  is  given  off,  and  it  is  aopTertad  into  adark  i«l  bmm^  imolaUo  in  water, 
alcohol,  and  the  weaker  acids,  but  readily  soluble  in  alkalies;  aooording  to 
Pelooze,  this  residue  principally  consists  of  an  acid  of  the  oomposition  0^,11^,0,. 
Sorbin  is  very  readily  altered  by  alkalies,  even  very  dilute  solutions  becoming 
3-eilow  when  warmed  with  potassic  hydrate;  its  solution  dissolves  a  considerable 
quantity  of  calcic  hydrate ;  it  is  not  precipitated  by  basic  plambio  acetate,  but 
Tielda  a  white  precipitate  witik  an  amrooniaoal  solntion  of  tbo  nonnal  aootetOi  It 
is  not  in  the  least  altered  by  boiling  with  dilute  acids ;  it  \s  coloured  reddlA- 
yollow  by  cold  concentrated  sulphuric  acid,  and  charred  on  heating.  It  pre- 
cipitates cnprous  oxide  from  an  alkaline  cupric  solution,  but  its  cupric  oxide 
reducing  power  has  not  been  determined.  Sorbin  does  not  ferment  in  oontart 
with  beer  jeu.>t.  but  is  capable  of  undergoing  the  laetio  fennentation  (Berthelot). 
Asoording  to  Dessaignes  {Aim,  Ckem.  JPAarm.  Supp,,  ii.  342)  aoibin  yioUa 
aposorbic  acid,  C^H^O,,  together  with  the  three  modifications  of  tartaric  add — 
dextrotartaric  acid,  racemic  acid,  and  mesotartaric  acid,  on  oxidation  with  nitric 
acid;  Pelouze  obtained  oxalic  acid  only.  Hla^iwetz  and  Habc-riuann  state  that 
on  passing  chlorine  into  an  aqueous  solution,  and  ailerwards  saturating  with 
argentic  hydrate,  Ac.,  it  ia  oonrerted  into  glyoolio  add ;  it  is  remarkablo  that 
sorbin  and  Isevulose,  which  are  the  only  two  hnvorotetory  glucoses  at  prsaent 
known,  should  both  yitld  glycolic  add  when  thus  treated,  especially  as  th^  ara 
the  only  carbohydrates  hitherto  examined  from  whieh  it  has  been  obtained. 

(1562)  EicALYPTOSE;  Eucali/n  :  C,H„0^. — Little  is  known  of  tliis  car- 
bohydrate. It  is  obtained  by  fermenting  melitose,  an  isoroeride  of  cane  sugar, 
with  jeiat ;  apparently  the  melitoso  ia  tiina  in  the  first  instance  nsolvod  into 
•oea^tooe  and  a  second  glucose,  of  which  the  latter  alone  is  fermentable^  ao 
that  when  the  fermentation  is  complete  the  solution  contains  only  eucalyptose, 
and  the  alcohol  produced  f.om  the  glucose,  which  disappear?.  It  is  mixed  with 
four  or  five  vols,  of  alcohol,  and,  alter  filtering,  evaporated  to  a  syrup,  which  is 
then  exposed  over  sdphnrio  add  in  vaeoo.  Encalyptoee  is  thus  obtained  as  a 
slightiy  sweet  aymp  of  the  conpodtion  C,H„0,  +  OH,,  which  Ioms  a  moleoaTo 
of  water  on  heating  to  100°  (212"  F.) ;  if  it  bo-  heated  to  110°  (230°  F.)  it 
becomes  coloured,  and  at  200°  (392°  F.)  is  converted  into  a  black,  insoluble 
substance.  It  is  dextrorotatory,  having  appro.ximately  the  apparent  specific 
rotatory  power  [a^  =  65°.  It  reduces  an  alkaline  cupric  solution.  .Nitric  acid 
oonverte  it  into  ooiuic  add.  It  is  deoompoied  by  concmtntid  anlphnno  aeid,  or 
1^  filming  hydrochloric  acid  at  100°  (212^  F.);  and  wlMn  heated  willi  baiio 
hydrate  at  too°  (212"  F.)  the  solution  becomes  atrong^  coloured  (Berthalot, 
Ann,  Chim.  Fhy-t.  [3],  xlvi,  72), 

(1563)  Gluroses  uhivh  have  been  Arlificially  Produced. — According  to 
Gorup-iksanez  {Ann.  Chem.  Fkartn.,  czviii.  257),  when  a  mixture  of  one  part 
nannitol  and  two  parte  platinum  blade,  moistened  with  water»  ia  espcced  to  tho 
air  at  a  temperatnre  of  30°— 40°  (86^—104"  F.),  and  tho  water  constantly 
replaced  as  it  evaporates,  until  the  mannitol  entirely  disappears,  which  with 
quantities  of  20 — 30  grains  takes  place  in  about  three  weeks,  a  product  is 
obtained  which  furnishes  a  colourless,  strongly  acid  solution.  The  acid  (man- 
nitic  acid,  p.  558)  may  be  separated  by  the  addition  of  basic  plumbic  acetate, 
and  if,  after  removing  tho  dissolTed  lead  by  snlphnretted  hydrogen,  tho  solotiou 
be  enqponted  at  first  on  the  water  bath,  and  then,  directly  it  becomes  oolonnd* 
by  taposoTO  over  snlphoric  add  in  Taeuo^  a  pate  yaUow,  strongly  add  lynip 


Digitized  by  Google 


15^3-]  ABfinCIAL  OLUCOSBS. 


591 


obtained,  which  gradailly  dries  to  a  gum-like  liyBiOMopio  bum.    Thk  reaidae 

consists  of  a  fermentable  body,  having  all  the  chanwten  of  dex1»«e,  with  the 
exception  that  it  is  optically  inactive,  mixed,  however,  with  a  aabstance  from 
which  it  could  not  be  separated,  and  which  is,  perhaps,  mannitan,  C  11  0 
The  eaprie  onde  leducing  power  of  loo  pts.  of  the  residue  was  equal  to  tliat  of 
32-45  pta.  deitroae,  aad  another  loo  pts.  gnvean  Mnonnt  of  carbonic  anhydndo 
on  fermenUtion  oorresponding  to  32*68  per  oent  of  dextniee.  Gorup-Bewuwa 
terms  the  optically  inactive  glucoae  formed  in  this  manner  mannifose. 

Dulcitol,  the  isomeride  of  mannitol,  according  to  Carlet  (iAf</.,  civii  147) 
aho  yields  a  body  having  the  properties  of  glucose,  together  with  a  smaU  q^titv 
of  raoemic  edd,  on  oKldation  with  aitrioaaid* 

Acmding  to  Berthelot  CAim.  P^.  [3].  1.  369),  a  body  having  the 

properties  of  the  gluco«eH  is  sometimea  formed  by  the  ftmentation  of  aqueooe 
solutions  of  glycerol  and  mannitol  in  cont<ict  with  certain  nitm-^enous  animal 
substances,  but  the  conditions  necessary  always  to  insure  its  production  could 
Ml  be  MearlniDed.  The  only  subsUnce  which  was  found  to  be  at  all  re<'ular  in 
lUjctioB  wee  the  ncmbfene  of  «»•  teetiele.  .  Thi.  was  added,  in  I  finely 
divided  sUte,  to  a  solution  of  1  pt.  glycerol  or  mannitol  in  10  pte.  water  the 
aiBOunt  taken  (of  the  substance  supposed  dry)  beingabottt  I-aoth  of  the  wnVht 
of  the  glycerol  or  mannit*^! ;  the  mixture,  contained  in  an  open  fla^k  was  exposed 
to  did  used  daylight  at  a  temperature  between  10"  and  20°  (co'  and  68^  F) 
Md  the  Hqdd  ocoeeionally  tested  with  F|hlings  solution.  AiXev  an  interval 
varying  from  a  week  to  thi«e  mentha  it  wee  fbnnd  to  contain  a  body  capable  of 
reducing  cupno  solution,  and  of  at  once  ftrmenting  when  planed  in  4»ntMt  with 
beer  yeast.  ExpenmenU  with  dulcitol  gave  similar  results.  The  animal  enb- 
itance  sepaiated  from  the  liquid,  and  freed  from  glycerol  or  mannitol  bv 
waahing,  retained,  as  a  rule  the  property  of  converting  these  compounds  into 
the  enpposed  glueoMi.  The  emoaat  formed  ie  eitremely  variable :  in  soma 
cane,  being  equal  only  to»fewten.thou«»dthe  of  tiie  weight  of  glycerol  or  mannitol 
taken,  and  in  other;  to  as  much  as  a  tenth  of  their  weight,  the  latter  qnantitv 
being  never  exceeded,  however  ;  the  weight  of  glycerol  or  mannitol  which  dla- 
appeared  was  always  greater  than  the  wei<jht  of  "  glucose"  formed.  In  an 
•ipenillMit  died  by  Berthelot,  2  grams  of  the  fresh  te.tiele,  representing  -280 
g»»  diy  eubetjuioe.  5  giam.  mannitol.  end  50  grams  water,  gave,  after  an 
intervel  of  nearly  four  months.  -250  grnne  of  the  "glucoee."  The  animal 
matter,  after  washing  and  drying,  weighed  -230  grams,  and  had  thereforo  loet 
•050  grams;  but  this  loss  is  more  apparent  than  real,  as  the  fieeh  testicle 
«»ntaius  a  oertain  amount  of  soluble  matter.  From  this  it  appears  that  the 
"(gM0»  lemUy  dmvedfiom  the  manmtol,  and  is  not  preconUined  in.  or 
derived  fiom,  tte  »in.al  wbetanee.  Berthelot  attributes  its  formatioa  ti  a 
epecies  of  contact  action  exercised  by  the  nitrogenooe  matter,  end  not  to  the 
microscopic  organisms  which  are  developed  in  the  liquid  j  Pasteur's  reeearchee 
on  ^«"tatjon  however,  render  this  explanation  extremely  improbable,  and  it  is 
brmotebkely  that  the  nitrogenous  matter  serves  merely  as  a  pabulum  for 
^TT^.^^i"  eicite  the  ftrmwitaUon.  These  org/misms  !re  doubtl  s 
^ved  fiom  the  atmoiphew,  «d  tiie  want  of  micc^  wLh  attended  many  of 
l^rthelot  s  exix^riments  may  have  been  due,  either  to  the  non-introdBctioi  of 
the  proper  germs,  or  to  the  fact  that  the  liquid  was  not  suited  to  their  develoo- 

'"'w.^'^i'^T'^''^.^^^''^''""^''^  formed,  Berthelot  states  thatit 
COOki  llOt  be  obtained  crystaihzed,  and  that  it  is  extremely  soluble  in  water  a  id 

ST^t^^SV**  'i^'^^^^ry  during  concentration,  and  are 

bn>WDcd  by  ^Judm.   On  account  of  die  diffiouUy  of  obtaining  colourles.  s<^u. 
tions.  It  was  almost  impossible  to  ascertain  whether  it  waa  opdcallv  active 
on  one  occasion  it  waa  observed  that «  ■ointioo  ooBtaining  ^  jfaoth  of  tihe 
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*'gliicoM'*  pradooed  «  demtion  of  $"'5  &r  tbe  tnonlMn  taut  in  a  coknui 
300  mm.  loDg. 

Lowig  {Jahresb.,  i86i»  6oo)  supposed  that  the  portion  of  the  product  oC 
the  action  of  sodium  amalgam  on  ethylic  oxalate  which  remained  after  extracting 
the  ethylic  desoxalate  (q.v.)  by  etlier,  contained  a  "  fermentable  sugar,"  but  ac- 
cording  to  Brnnner  {Deut.  chem.  Get.  Ber.,  iii.  974)  this  is  not  the  case. 

IiMt]  J,  we  have  to  notice  the  fonnatioD  of  a  body  capable  of  xcdndog  n 
alkaline  cupric  solution,  but  apparently  not  fermentable  in  contact  with  beer 
yeast,  on  boiling  the  so-called  dioxymethyleno — the  polyroeride  of  formic  alde- 
hyde (q  V.) — with  lime  water  (Butlerow,  Ann.  Chem.  Pharm.,  ext.  295): 
the  oolourlesa  solution  of  this  substance  in  lime  water  becomes  at  iir«t  yellow, 
and  finallj  brovnieh-jellow  when  boiled,  its  oharactivistie  odour  disappearing 
entirely,  and  giving  place  to  a  oanunel-like  odonr ;  no  gae  ie  evolved.  If  tikie 
lime  water  be  added  gradually  to  the  boiling  liqaid  until  the  coloration  is 
observed,  a  neutral  liquid  is  obtained,  which  is  not  precipitable  by  carbonic 
anhydride  ;  and  if  this  be  concentrated  nn  the  water  bath,  and  then  exposed 
over  anlphuric  acid  in  vacuo,  there  remains  a  mixture  of  a  yellow  syrup  and 
erjMt  of  ealcic  formate.  On  treatment  witb  abeointe  dooiiol,  the  Ibnner  dii> 
edvea,  and  after  removal  of  the  alcohol,  fbraiB  an  anoryetelHiable  aweet  cyniP' 
The  compoeition  of  this  body  waa  not  accurately  determined,  but  apparently  H 
contains  proportionally  less  oxygen  than  the  carbohydrates  ;  and  inasmuch  as  it  is 
formed  from  a  bod^'  which  prubably  has  the  composition  C.H/>j.  if  formic  acid 
ic  the  complementary  product  and  not  the  result  of  secondary  reaction,  it 
appeara  probable  that  it  does  not  contain  liz,  or  some  simple  whole  mnltiple  of 
six,  atoms  of  carbcn,  and  therefore  that  it  doe«  not  belong  to  the  class  of  carbo- 
hydrates. ^Methylcnitan,  as  tliis  body  is  termed,  apparently  also  does  not  exhibit 
one  of  the  most  characteristic  properties  of  the  .soluble  carbohydrates — that  of 
forming  metallic  derivatives,  for  although  obtained  by  the  action  of  lime  water, 
it  gave  only  a  email  quantity  of  ashes  on  incineration,  and  this  Batlerow  sttri- 
hutea  to  the  presence  of  eakie  formate. 

From  the  above  it  will  be  evident  that  our  knowledge  of  artificially  prepared 
glucoses  ig  practically  nil.  We  have  ciit« nd  thus  fully  into  an  account  of  what 
has  Wen  done  in  order  to  point  out  the  great  necessity  of  furtiier  io>«  arch.  iW 
we  luay  contideutly  expect  that  by  working  in  tltis  direction  much  light  will  be 
thrown  on  the  manner  in  which  the  carbohydratee  are  natorally  pitMinoed. 

II.  Carbohydrates  of  the  Composition  CjoHg^Oji  or  Saccharons* 

The  carbohydrates  which  are  included  in  this  group  are  all  of 
the  same  empirical  compoeition  as  cane  sugar^  C„H^O|j.  They 
are  all  soluble  in  water^  and  with  few  eiceptions  ciystailiK  with 
facility  when  pure ;  like  the  glucoses,  they  are  more  or  less  sweet 
to  the  taste,  but  they  are  much  more  stable  than  the  g^ucosei  or 
carbohydrates  of  the  compoeition  C^IIj^O^  and  are  not  directly 
fermentable;  when  submitted  to  the  action  of  certain  unorganised 


*  On  account  of  their  great  impoi-tance,  and  especially  now  that  so  many 
carbohydrates  are  known,  it  appears  highly  desirable  to  have  a  systematic  no- 
menclature enabling  a  distinction  to  be  made  between  the  various  groups ;  a 
description  of  the  ayetem  we  have  ventured  to  em^  loy  will  he  given  later  on  when 
the  variona  oeriwhydiatea  hava  been  notioed. 
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ferments"  (a  cold  aqueous  decoction  of  yeast,  or  of  malt,  fee),  or  of 
dilute  acids,  they  are  more  or  less  readily  converted  into  glucoses, 
a  single  molecule  always  yielding  two  molecules  of  glucose  :  the 
two  molecules  of  glucose  being  sometimes  identical,  but  more 
often  exhibiting  diverse  cliaracter.  This  conversion  of  a  mole- 
cule of  a  saccharon  into  two  molecules  of  a  glucose,  or  into  two 
different  glucoses,  necessarily  involves  the  assumption  of  the 
elements  of  a  molecule  of  water,  and  is  indicated  generally  by  the 
equation:* 

CioH,,0„      OH,  =  c,n,p,  +  Cfi,p,. 

(1564)  Saccharon  or  Cane  Sugar;  Saccharose  or  Sucrose  : 
C|,H^,oO^. — This  sugar  is  very  widely  distributed  throughout  the 
regetable  kingdom,  occurring  sometimes  alone,  but  more  fre- 
quently mixed  with  invert  sugar ;  it  is  met  with  in  all  parts  of 
plants :  in  the  root,  stem,  leaves,  flower,  fruit,  and  seed,  but  is 
not  distributed  in  all  plants  alike,  and  occurs  in  proportions 
which  vary  for  each  plant  with  its  state  of  growth.  It  is  very 
abundant  in  the  stem  of  certain  grasses,  especially  in  the  sugar 
cane  [Sacekanim  afichutrum),  sorgho  grass  {Swg&um  saC' 
eharaium),  and  the  young  shoots  of  maise  {Zea  may«).  It  is  also 
abundant  in  many  fleshy  roots,  as  those  of  the  carrot  and  parsnep, 
especiaUy  in  the  sugar  beet  {Beia  vulfforh) ;  and  also  in  the  juice 
from  the  stems  of  many  kinds  of  palm,  and  of  certain  species  of 
birch  and  maple,  especially  the  sugar  maple.  It  is  manufactured 
almost  exclusively  from  the  sugar  cane  and  sugar  beet. 

Manufactmre  qf  Cane  Sugar  from  the  Sugar  Cane. — The  sugar  cane  is  a 
solid  joutedned  which  grow*  to  a  height  varying  from  six  to  fifteen  ftet.  It 
is  finuid  advuktagooiu  to  cut  the  canes  before  tbey  are  allowed  to  flower,  as  the 
produce  of  sugar  is  much  reduced  after  inflorescence,  and  aa  close  to  the  soil  as 
possible,  since  tbc  juice  contained  in  the  lowest  joints  is  the  sweetest;  according 
to  Peligot,  no  uncrystallizable  (invert  tiugar)  is  contained  in  the  fresh  juice  of 
sound  canes,  tl^ougb  it  occurs  in  decayed  ones,  but  leery,  who  has  specially 
studied  this  ralgeot  in  the  Hanritius,  finds  that  even  aonnd  onaet  contain  a 
small  proportion  of  invart  togar  {Ann.  Ckim.  Pkys.  [4],  387).  The  canes 
stripped  of  their  leaves  are  crushed  between  roll-  is,  iiml  the  expressed  juice  is 
run  oil' to  a  large  tank,  where  it  is  neutralized  hy  lime,  and  iieuttd  till  the  hcun\ 
formed  by  the  coagulation ul  the  albuminous  matters  in  the  juice,aud  which  rises  to 
the  top,  begins  to  cnek.   After  a  time,  the  clear  liquid  is  drawn  off  from  belov 


*  The  decomposition  of  the  aaechsrone  in  this  manner  is  nsuaHy  termed  in* 
▼enioii,  and  the  pr odnet  is  spoken  of  as  invert  sngmr ;  this  arose  from  Uie  ol>- 
nenraUon  that  when  cane  sugar,  which  is  dextrorotsUny,  ie  thus  decomposed,  it  far> 

iiishes  a  product  which  exerts  a  Ircvorotatory  action  on  polanrrdlii^ht  in  consequence 
of  tb'*  hevurotutory  power  of  the  la'vovjlueose  produrcd  l)('in«:^  considerably  greater 
than  the  dextrorotatory  power  of  the  dextroglucose,  which  is  the  complementary 
prodnct  of  the  reaction. 
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tli«  Man,  tod  eopcentrated  hj  boiling  in  open  oopper  pans,  ibe  iuporitiet  whidi 
rise  to  the  surface  being  removed  by  frequent  akimniing.  When  the  pymp  hu 
ftcqiiirod  sufticient  consistence,  it  is  run  into  coolers,  and  allowtnl  to  sfaiid  till  f^wpr 
no  longer  crystallizes  out;  the  same  solid  mas;*  is  then  put  into  casks  furnished 
with  perforated  bottoms  to  allow  the  sjrup  to  drain  awajr.  The  moist,  jellowisb, 
gnnalar  mass  remaining  in  tbe  daaka  finnt  tbe  raw  angar  of  eommcree,  wbieh 
oonniata  of  eryatala  of  nearly  pure  sugar,  coated  on  tbsur  aorlkcss  with  a  film  of 
tbe  dark  t-yrup.  By  reboiling  the  syrup  which  drains  fimm  the  crystals,  a  lower 
quality  of  sugnr  is  obtained  ;  the  last  mother  liquors,  which  are  known  u 
luola.vsrs  or  treacle,  are  thii  k,  browD,  and  rei'use  to  crystallize,  and  are  uud  chieflj 
for  tiie  aianuraoture  of  rum. 

Hoch  waate  b  incurred  in  the  estradaon  of  sugar,  for  aooording  to  Domat 
lOO  pts.  of  freak  eanes  contain  90  pta.  of  juice,  end  of  this  x8  or  ao  pts.  are 
pnie  Bi^^,  but  on  an  average,  one  gallon  of  juice  furnishes  only  one  pound  of 
sugar,  or  one-tenth  of  its  weiijlit.  M»i«  h  of  the  waste  arises  from  the  conversion 
of  the  crystiillizable  sugar  into  treacle  or  uncrystallizable  syrup  by  the  high  tem- 
perature and  frequent  boilings  to  which  it  is  subjected ;  but  this  is  almost  entirely 
prevented  by  the  use  of  Fryer's  "  coneretor.**  Althongb,  bowewer,  great  hn- 
proveinents  have  during  late  years  been  effected  in  tbe  apparatus  for  boiliogdova 
syrups,  they  have  rot  yet  been  adopted  to  any  very  greek  extent  by  the  numsF 
fiicturers  of  raw  sugar. 

Manufacture  of  Sugar  from  the  Sugar  Beet. — The  manufacture  of  sogsr 
from  tbia  root  was  called  into  existence  by  tbe  wars  of  Napoleon,  dnriog 
wbieh  the  ordinary  supply  of  the  artJcle  was  cot  off  fWmi  the  Freneli.   So  rapidly 
bas  it  grown,  however,  thst  of  the  3,378,000  tons  of  sugar  estimated  to  have 
been  produced  in  1873,  no  less  than  1,1 10.000  tons  were  deri-.  ed  from  the  sugar 
beet.    The  beet  is  chitfl}'  cultivated  Ibr  this  purpose  in  France  and  Germany, 
although  large  quantities  are  grown  in  other  parts  of  Europe ;  it  contains  on  an 
average  ftrom  7— iz  per  cent,  of  sugar,  and  aometimes  as  much  as  14  per  ceoi 
The  oldeKt  end  still  most  genend  method  of  extracting  tbe  juice  Irom  the  rood 
is  to  reduce  them  to  a  fine  pulp,  which  is  then  submitted  to  poweiAi]  piesiUJs; 
or  sometimes,  however,  the  pulp  is  thrown  into  a  centrifuiral  machine,  and  when 
most  of  the  juice  is  exju'liiKJ,  water  is  added  to  the  residue,  and  the  machine 
again  set  in  action.    The  exhausted  pulp  is  either  employed  while  fresh  as  food 
for  cattle,  or  used  as  manure  for  the  land.   A  more  modem  melliod  now  hugely 
coming  into  use,  which  is  known  as  the  diffbsion  process,  consisti  in  cutting  the 
roots  into  slices,  and  submitting  these  to  systematic  washing :  the  water  which 
hai«  been  for  f^ome  time  in  contact  with  one  portion  of  roots,  and  which  has  dis- 
solved a  certain  amount  of  sugar,  being  run  on  to  a  fresh  portion  of  roots,  while 
its  place  b  taken  by  fresh  water,  four  to  six  changes  being  made  in  this  manner, 
the  solution  which  baa  been  in  contact  with  one  portion  of  roots  bwng  alwa(js 
transferred  to  a  less  exhausted  |)ortion,  so  that  it  continually  undergoes  concen- 
tration.   The  great  advantat^e  of  this  process  is  that  it  yie1d«  a  solution  com- 
paratively free  i'rom  albuminoid  and  gummy  matters,  as  these  cannot  pass  by 
diffusion  out  of  the  unbroken  cells,  altliough  the  sugar  readily  p  enetrates  througk 
their  walls. 

^e  jmce  is  ma  into  tsnks,  where  it  is  moderately  heated  by  steam,  and  mixed 
with  a  certain  quantity  of  lime,  varviny;  from  ^  to  3  for  each  100  lbs.  of 
roots  taken  ;  the  mixture  is  then  further  heated  until  the  scum  breaks,  the  clear 
liquid  from  below  the  scum  is  drawn  ofl'  into  another  tank,  and  carbonic  anhy- 
dride is  pumped  into  it  until  the  lime  in  solution  is  nearly  all  precipitated.  By 
beating  with  lime  in  this  manner  a  number  of  imparities  are  removed  from  the 
juice,  and  others  are  precipitated  with  the  enhie  carbonate.  The  "  thin**  synqf 
is  now  filtered  through  animal  charcoal,  and  boiled  down  in  a  partial  vacnnm  to 
about  20°  J3eanm6,  when  it  is  sgain  filtered  through  animal  oharooai,  and  fioally 
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moentrated  to  the  crystallizing  point  in  a  vacuum  apparatas.  The  crystaU 
whidi  fom  on  staodiiig  are  lepwated  from  the  tyrup  by  the  aid  of  the  een- 

trifugal  machine,  and  by  boiling  down  the  iyrap»  Ac*,  a  second  aod  ihird  crop 
of  crystals  ia  obtained;  finally  no^'hing  remains  but  uncrjstallizablc  molaaaes. 
In  France,  a  good  deal  of  the  molasses,  wliich  is  iiirerior  to  that  ot"  the  cane,  is 
fermented,  and  furnishes  a  cuiisidkirable  quantity  of  spirit,  amounting  in  weight  to 
nearly  one-third  of  the  treacle  employed.  After  distilling  off  the  spirit,  the  re- 
adna  ia  evaporated  to  dryneaa,  and  then  incinerated  for  the  aake  of  the  aalta  it 
yields,  which  consist  principally  of  potassic  and  sodic  carbonates  with  a  small 
proportion  of  pota-ssic  sulphate  and  chloride  ;  hy  this  means,  the  laigo proportion 
of  fM)lubie  saline  matters  which  beet  root  contains  is  economized. 

£efininy  of  Cane  Su^ar. — Kaw  cane  sugar,  although  often  mixed  with 
aieobattieal  imparities,  has  a  pleaaant  taste;  hat  the  raw  sugar  from  heet  has  a 
strong,  nnpleasant  odoor,  and  is  uneatabla.  The  same  metfiod  ia  fbllowed  in 
refining  both  varieties.  The  raw  sugar  is  first  "  melted,*'  i.e.,  dissolved,  in  about 
half  its  weij^'ht  of  water,  by  the  aid  of  heat  and  agitation,  and  the  hot  liquid  is  then 
transl'erred  to  a  filtering  a[»paratus  consisting  of  a  njuuber  of  twilled  cotton  bags, 
called  Taylor's  hlters,  where  it  is  freed  from  mechanii-<il  impurities.  The  reddish 
syrup  whidi  has  ran  throogh  the  filters  has  next  to  he  freed  aa  mueb  aa  poeaihle 
from  colouring  matt^,  and  for  this  parpoee  it  ia  filtered  thioogh  animd  char- 
coal. The  filters  consiit  oi  large  iron  vats,  twelve  or  fourteen  feet  deqp,  and 
f5ometiniea  much  deeper;  at  an  inch  or  two  from  the  bottom  thire  is  a  perfo- 
rated false  bottom,  upun  which  a  blanket  is  f«pread,  and  above  this  coarsely 
powdered  animal  charcoal  to  within  about  a  foot  of  the  top  of  the  vat.  The 
filtered  decolorised  syrup  is  now  boiled  down,  but  ae  the  cane  eugar  quickly 
nndergoeti  inversion  at  the  temperature  at  which  so  concentrated  a  solution 
boila  under  the  ordinary  jressnre  (220" — 230°  F.),  it  ii»  evap  rated  under 
reduc^l  pressure  in  a  varuum  pan.  This  is  a  closed  pan  or  boiler  of  copper, 
constructed  of  a  spheroidal  torm,  in  order  to  enable  it  to  resist  the  pressure  of 
the  external  atmosphere ;  the  lower  half  ia  donUe,  for  the  purpose  of  admitting 
ateam  between  the  ooatinga,  and  there  are  eeveral  helioee  of  copper  steam  pipe 
within  the  boiler,  with  a  view  of  increasing  the  extent  of  heating  awfiMie.  It  ia 
connected  by  a  wide  copper  neck  with  a  condenser,  which  is  in  communication 
with  an  air  pump,  and  it  is  also  provided  with  an  inlet  for  the  syrup  which  is 
to  be  boiled,  and  there  is  an  outlet,  which  can  be  closed  by  a  valve,  at  its  lower- 
most  part  forthe  withdrawal  of  the  charge.  The  boiling  can  be  watched  through 
ft  email  plato^glaaa  window  in  the  eide  of  the  pan,  and  there  w  also  an  arrange- 
meut  by  which  a  larople  of  the  syrup  can  be  withdrawn  at  any  moment.  A 
partial  vacuum  being  establi.-hed,  a  cock  is  opened  and  sufficient  of  the  filtered 
decolorized  syrup  nui  ked  in  to  cover  the  bottom  steam  coil,  in  which  steam  is  then 
turned  on.  In  a  few  minutes  the  liquid  is  seen  to  boil,  and  the  exhaustion  is 
•o  regulated  that  thia  takes  plaoe  at  about  130°— 140^  F.  The  evaporation  ia 
eontinued  until  the  workman  in  charge  of  the  pan  judges  that  the  solution  is 
suflicieutly  concentrated,  which  he  ascertains  by  placing  a  drop  between  his 
thumb  and  finger,  and  drawing  it  out  to  a  thread  :  tlie  desired  conot  iitration 
being  reached  in  the  case  of  a  good  sugar  solution  when  it  gives  a  thread  at 
least  three-quarters  of  an  inch  long.  A  small  quantity  of  the  unboiled  syrup  is 
then  anched  in,  whidi  aooi  causes  crystals  to  separate  from  the  sopernatoratcd 
■olntion  in  the  pan,  and  when  crystals  have  cea.sed  to  deposit,  fresh  synip  H 
drawn  in  and  boiled  down  asbelV.i  e:  llie  sni::ir  in  this  fn  >h  portion  of  syrr.p, 
however,  as  the  solutioM  is  concentrated,  is  mostly  deposited  on  the  crystals  already 
formed.  In  this  manner  fresh  quantities  of  syrup  are  drawn  in  at  inter- 
vals, and  concentrated,  until  the  pan  ia  fully  charged,  after  which  the  heatung  ia 
eontinaed  lor  a  eertam  length  of  time,  which  variea  according  to  the  form  of 
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sugjar  it  is  desired  to  produce.    The  size  of  the  crystals  evcntuallj  obtained 
mainly  depends  un  the  quantitj  at  first  formed,  being  larger  the  fewer  there  are 
at  the  beginning.   If  ktf  mgnr  b  to  be  made,  eare  ie  taken  to  prodnoe  only 
small  eryatals,  and  when  the  pan  U  fally  ehaiiged  its  oontents  are  heated  to 
about  170' — 180°  F.,  either  in  the  pan  itself,  or  in  a  separate  heater,  and  tlie  hot 
mixture  of  crystals  and  syrup  is  then  triinsforred  to  conical  iron  moulds.  After 
stirring  the  uiums  to  favour  the  escape  of  air  biibblos,  and  the  regular  settlement 
of  the  crystals,  the  whole  is  leA.  at  rest  for  nt  least  twelve  hours,  during  which 
time  the  eryatak  settle  down,  and  aa  the  liquor  eools  fteeh  eager  ia  depoeited  anl 
firmly  cements  them  together.   The  ping  whidi  doses  the  apertore  at  tiie  epn 
«f  the  mould  is  then  withdrawn,  and  a  pricker  driven  a  few  inches  into  the  folii 
sugar  to  make  a  channel  for  the  syrup  to  drain  away  ;  the  sugar,  however,  is  not 
yet  white,  for  though  the  cry!>t.ils  consist  of  colourless  sugar,  the  loaves  retain 
mechanically  a  large  quantity  of  coloured  syrup.    In  order  to  get  rid  of  this,  & 
quantity  of  fine  oolonrlens  vyrup  is  ponred  vpoo  the  base  of  cadi  loaf,  which 
gradually  displace::  the  impurities  as  it  percolates  through  the  loaf.    The  loaf  is 
linally  dried  in  a  heated  chamber,  and  finished  for  the  market  bj  taming  it  in  e 
lathe.    The  sng.ir  ito  made  is  almost  absolutely  pure. 

The  syrup  wliich  drains  from  the  loaves  is  boiled  down  again  in  the  vacuum 
pan,  and  ia  obtained  in  the  form  of  what  ia  termed  cnuked  mtgar  or  picas, 
which  ia  freed  from  the  eymp  by  means  of  a  oentrifngal  machine.  This  synip  ii 
again  treated  in  a  similar  maimer,  and  yields  a  still  less  pure  angar,  the  ifnp 
ifitom  Avlii  -h  constitutes  refiners'  molasses,  or  treacle. 

In  the  manufacture  of  cane  8tig;'.r  in  large  di>tinct  crysUils,  the  crystall;7AtioQ 
of  the  first  portion  of  syrup  boiled  down  in  the  pan  is  so  regulated  &a  to  form 
only  a  relatively  small  number  of  eryatale,  and  the  anbsequent  boilings  en 
oarried  00  at  a  somewhat  higher  temperature  and  more  dowly  than  when  loaf 
sugar  M  to  be  made.  The  cryatali  are  freed  from  syrup  by  a  centrifugal  machine, 
and  are  sometimes  washed  with  a  aoudl  quantity  of  water  while  the  drum  of  the 

machine  is  still  revolving. 

Uefiners'  treacle  still  contains  a  considerable  amount  of  cane  sugar,  amouDt' 
ing  to  about  35  per  cent  when  made  fVom  soger  cane,  and  to  as  much  as  50  per 
cent,  when  made  from  beet ;  tliis  is  prevented  from  crystallising  mainly  by  tlie 
presence  of  the  impurities  derived  from  the  raw  sugar.  That  from  ooloniil 
sugar  also  contains  a  large  amount  (about  30  per  cent )  of  invert  sugar,  from 
which  that  prepared  from  beet  is  comparatively  free;  the  latter,  however,  is  very 
rich  in  saline  matters,  yielding  from  12 — 13  per  cent,  of  ashes,  whereas  averaj,'e 
refiners'  treacle  from  raw  sugar-cane  sugar  yi^ds  only  about  half  aa  roach.  Tbe 
beet  treacle  is  also  considcrahly  the  richer  in  organic  matters  other  than  cane  and 
invert  sug:ir.  The  salts  of  potash,  which  are  largely  contained  in  the  treado, 
exercise  ^r»';it  intluenee  in  j>rcventing  the  crysfalli/ation  of  the  sugar,  and  their 
removal  from  the  syrup  is  therefore  oi  im|H)rtance.  Me:>srs.  Duncan  and  Xewknds 
have  reoently  pataited  a  prooees  for  this  purpose,  baaed  on  the  fact  that  alum  is 
but  sligfady  aoluUe  in  cold  ayrup.  It  consists  in  adding  to  a  cold  ooncentmted 
solution  of  raw  sugar,  or  of  a  syrop  oontmning  not  less  than  1*5  per  cent  of 
potash,  a  sufficient  amount  of  a  strong  solution  of  aluminic  sulphate  to  convert 
all  the  potash  present  into  siilpluite,  and  to  comhine  with  the  potaasic  sul[dia(e 
so  formed.  On  standing,  the  alum  crystallizes  out.  The  clear  liquor,  whirJi  is 
strongly  scid.  and  which  contains  much  alumina  in  eolutton,  b  drawn  off  and 
neutralized  with  lime  or  chalk,  boiled,  filtered,  and  then  again  filtered  tiuou^ 
animal  charcoal  in  the  usual  way.  This  process  reduircs  the  potash  present  to 
about  one-half  piT  cent,  on  the  weight  of  the  syrup,  but  it  ha,-*  the  additional 
advantage  of  removing  nitrt)j;enous  matters  from  the  solution,  as  these  are 
carried  down  with  the  alumina  precipitated  on  neutralization. 
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Cane  sugar  crystallizet  from  a  concentrated  aqueous  solution 
on  slow  evaporation  in  large  colourless  monoclinic  prisms^  gene* 
rally  with  hemihedral  faces;  the  crystals  are  hard,  and  grate 
between  the  teeth.  It  has  a  sp.  gr.  of  about  i*6.*  It  dissolves  in 
lees  than  half  its  weight  of  water  at  ordinary  temperatures,  and  still 
more  easUj  in  hot  water,  forming  a  syrupy  liquid;  but  it  is 
insoluhle  in  ether  and  odd  anhydrous  aloohd,  and  only  slightly 
soluble  in  anhydrous  boiling  alcohol. 

The  apparent  qiecific  rotatory  power  of  cane  sugar  in  aqueous 
solution  is  Tsriously  stated,  but  the  most  reliable  observations 
With  solutions  containing  jfrom  10  to  20  per  cent,  of  sugar  give 
the  values  [a]^  =  yf—jf'S.  According  to  De  Luynes  and  Girard, 
however,  it  is  slightly  higher — viz.,  for  a  solution  containin-; 
alwut  16  per  cent,  by  weight,  [a]o  =  67^-3i,  hence  by  calculation 
[«]j  =  74°'04  (comp.  Tollens,  Deut.  chem.  Ges.  Ber.,  ix.  493). 
Calderon  {Compt.  Rend.,  Ixxziii.  393)  has  obtained  the  values 
Wd=67°'i5  and  [a]j  =  73**-2o,  both  by  direct  oLsrnation.  Ap- 
parently it  is  independent  of  the  temperature  (Tuschmidt,  Jourm, 
pr,  Chem.  [2],  iL  245) ;  and  it  is  usually  supposed  that  it  does  not 
wy  with  the  conoentratioUx  but  this  does  not  appear  to  have  been 
established  by  an  exact  series  of  experiments  (comp.  Hesse,  Ann, 
Chem.  Pharm*,  dxxvi.  95).  The  rotatory  power  of  a  freshly 
prepared  solution  is  not  altered  by  standing  or  by  heating. 

Csne  sugar  melts  at  about  160°  (320°  P.)  to  a  clear  liquid, 
and  on  cooling  forms  the  transparent  amber-coloured  solid  sold  as 
barlep-sugar,  which  gradually  becomes  opaque  and  ciystalline 
when  kept ;  this  amorphous  sugar  has  a  much  lower  meiting- 


*  Gbii»  mgar  in  tolatmi  list  tiie  sp,  gr.  1*696  tt  15*^*5  (60**  F.),  as  may  be 
flalcalated  in  the  following  maansr.    A  folatioit  of  10  grMU  sugar  in  100  oc 

■t  1 5°' 5  (^o''  F.)  has  at  this  temperature  the  «p.  gr.  I'0385j  the  weight  of 
wat«r  la  100  cc.  of  the  solution  is  therefore  I03'85  — 10  =  93'85,  and  hence 
the  volume  occupied  by  the  lo  grams  «ugar  is  100  —  93-85  =  6'i 5.  and  the 
sp.  gr.  of  the  sugar  la-r  6*15  =  1*626.  O'Sullivan  finds  that  sucnxiextrose, 
inTort  logar,  maltoM*  doxtrin,  and  tolaUe  fkm^  hare  the  same  sp.  gr.  ai  mm 
sugar  in  solation;  and  it  ia  Uwrefiwa  not  mlikely  that  this  will  ba  foond  to  be 
the  case  for  the  carbohydrates  generally.  This  fact  is-  of  considerable  pvaotioal 
importance  as  the  amount  of  solid  matter  in  a  solution  of  carbohydrates  may  be 
ascertained  if  the  sp.  gr.  at  I5*''5  (60"  F.)  be  determined  by  merely  dividin<^  the 
weight  above  water  by  '00385.  The  most  complete  tables  of  the  densities  of 
aquooui  aohtlioiia  of  oaoe  sugar  of  differoat  strengths  have  been  published  by 
Matagoeek:  Zaiaekr^  d«9  VtreuuJ^  Mbttuueher-InMrie,  1865,  5S3 ; 
1874.  84j;SelMibler:»ftM{.,  1870,269;  1874,950;  and Oerlaeh:  tm,  1863, 
283;  1864,  354;  1865,  23.  The  solubility  of  sugar  in  alcohol  of  different 
strengths  Htid  at  ditfen'iit  tomperutures  hiia  beoA  fli^thiiy  determined  by 
Scheibier  (Deut.  cAm.  Gas,  Ber,,  t.  343). 
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point  than  the  crystalline  modification.  If  the  temperatnre  be 
maintained  for  some  time  at  about  the  melting-pointy  the  sugar  Is 
converted  without  loss  of  weight  into  a  mixture  of  snerodextrose 
and  Isevulosan :  CjgHjPjj = C^Hi^O^  +  C^H j^O^.  At  a  higher  tem- 
perature water  is  given  off,  the  dextrose  apparently  undergoing 
alteration,  and  at  about  210°  (410°  F.)  so-called  caramel  is  pro- 
duced, which  probably  is  a  mixture  of  several  bodies  formed  by 
the  withdrawal  of  tlic  elements  of  water  from  the  dextrose  and 
Lxvulosau ;  it  is  a  brown,  very  hydroscopic,  almost  tasteless  mass. 
On  further  heating,  an  iullammable  gaseous  mixture  is  given  off, 
consisting  of  carbonic  oxide,  carbonic  anhydride,  and  methane,  and 
a  distillate  is  obtained  containing  acetic  acid,  aldehyde,  acetone, 
furfurol,  and  other  substances  not  yet  identified,  whilst  a  porous, 
glistening,  carbonaceous  mass  remains  in  the  retort. 

A  number  of  metallic  derivatives  of  cane  sugar  arc  known, 
but  their  composition  is  not  yet  satisfactorily  established ; 
although  much  more  stable  than  the  corresponding  derivatives  of 
the  glucoses,  they  are  decomposed  even  by  carbonic  acid.  Thus, 
on  adding:  a  concentrated  solution  of  potassic  or  sodic  hydrate  to 
an  alcoholic  solution  of  sugar,  white  gelatinous  precipitates* 
CjjHgjKOj^  and  C^Hg^NaOjj,  are  thrown  down;  and  on  mixin» 
concentrated  solutions  of  baric  hydrate  and  of  sugar,  a  cry  stalline 
precipitate  is  obtained,  having  the  composition  C|,H2«BaO,y 
which  may  be  recrystallized  from  boiling  water,  separating  from 
it  in  brilliant  scales  resembling  crystallized  boric  acid.  Again, 
calcic  hydrate  is  far  more  soluble  in  a  sugar  solution  than  in 
pure  water.  According  to  Pdigot,  the  compound  Ci^H^CaOu 
is  thrown  down  from  a  solution  containing  not  too  much  lime^ 
on  the  addition  of  alcohol,  as  a  white  precipitate  which  dries  to 
a  gum-like  resinous  mass;  Benedikt  {DeuL  chmn,  Gea.  Bar.,  vL 
413)  has  prepared  this  compound  in  a  similar  manner,  and  states 
that  after  drying  at  looi^  (2ia^  F.)  it  has  the  composition 
Cj^lI^i^CaOjp  but  that  it  contains  2OH,  in  addition,  if  only 
dried  in  vacuo;  it  is  extremely  soluble  in  water,  but  am 
heating  the  solution  it  becomes  turbid  from  the  separation  of 
the  compound  Cj.-,1I  ^^Ca^O^^,  which  redissolvcs,  however,  as  the 
jiolution  cools.  Tiic  latter  compound  may  be  prepared  by 
boiling  a  solution  of  sugar  which  has  been  saturated  with  lime, 
separating  as  an  opaque  gelatinous  mass.  It  is  said  that  the 
diealcium  derivative,  C,^H22Ca20j3  + 2011^,  is  precipitated  from  a 
similar  solution  ou  the  addition  of  alcohol.* 

*  Aflooiding  to  DabnuilSuit»  tb*  rotatory  power  of  a  aagsr  solatioQ  ia 
SBdoood  by  ij  per  oeot  if  one  moleeolsi  proportum  of  osloio  bydnfte^  by  26  per 
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Jud  ging  from  the  beha\nour  of  the  polybydric  alcohols,  such 
as  dubitol  and  mannitol,  in  which  the  hydiogen  in  the  Oil 
gionp  appeaara  to  he  only  partially  displaoeable  hy  the  more 
poaittve  metals^  if  the  formnls  assigned  to  iheae  cakinm  den- 
nttiTes  correctly  represent  their  composition,  it  is  not  improbable 
that  in  their  formation  the  hydrogen  in  sugar  is  displaced  by  the 
monad  group  Ca.OH,  and  not,  as  in  the  formation,  for  example, 
of  anhydrous  calcic  snipbate  from  sulphuric  acid,  merely  by 
calcinm  :  in  other  words,  that  the  calcium  atoms  do  not  displace 
an  equivalent  number  of  hydrogen  atoms,  but  only  half  the 
number.  The  formulie  of  the  barium  and  calcium  dnrivatives 
above  mentioned  may  on  this  assumption  be  written  iu  the 
ioilowing  manner : 

C,jH,,(Ba.OH)0„  ;  C,,H3,(Ca.0II)0„  ;  C,,n„(C».OH)P„. 

The  majority  of  the  mrt:dlic  derivatives  of  the  carbohydrates  arc 
probably  bodies  of  similar  composition.  A  crystalline  lead  deri- 
vative, which,  after  drying  at  170°  {^3^^  vacuo,  has  the 
composition  Cj^Hj^Pb^Ojp  may  be  obtained  either  by  boiling  a 
solution  with  plumbic  oxide,  and  allowing  the  filtrate  to  cool ;  or 
hy  precipitating  a  concentrated  solution  of  sugar  with  an  ammo- 
niacal  solution  of  plumbic  acetate^  dissolving  the  precipitate  in 
hoiling  water,  and  allowing  it  to  crystaUize.  It  forms  white 
nodules  (Peligot). 


esnt.  if  two  moleeolar  proporti<»fl  of  ealoio  hydrate  be  diaaolved  in  it;  on 

neiitmlizing  the  solution  with  an  acid,  it  recovers  its  rotatory  power,  however. 
The  solution  also  loses  13  per  cent,  of  its  rotatory  powi^r  on  addition  of  one 
moltvulir  proportion  of  putassic  hydrato,  but  no  more  when  a  larger  quantity  is 
added  ;  hence  there  is  probably  but  one  definite  pota8.-»iura  derivative  of  can« 
sugar  which  can  exist  in  aqueous  solution.  Sostmaiin  {ZeiU.  f,  Rubenzueker 
In»,  1866,  82,  272)  states,  however,  that  the  effect  prodaced  by  the  carbonate 
and  hydrate  of  potaseinni  and  aodinm  is  greater  in  eoneentrated  tiian  in  dilate 
eolotiona. 

According  to  recent  eTperiment?  of  Miintz  {Compt.  Hend.,  hxxiii.  1334),  a 
large  number  of  salts  of  the  alkali  and  alkaline  earth  metals  reduce  the  rotatory 
power  of  cane  su<;ar,  but  in  very  different  proportions,  the  moht  active  salts  being 
the  ehloride,  carbonate  and  borate  of  todium,  and  potagaio  carbonate;  the  laltiof 
metale  each  aa  lead  and  sine  have  littb  or  no  infloenoew  In  the  ctie  of  «odie 
ehloride,  the  preeence  of  a*5,  5,  xo,  20.  and  25  grama  in  100  co.  of  eolation 
containing  10  grams  sugar,  was  found  to  reduce  the  rotatory  power  from  67°  to 
66*'"7,  66^-2,  65°-3,  63*'*7,  and  62**  8,  and  practically  the  same  results  were 
obtained  with  solutions  containing  five  and  twenty  grams  of  sugar.  Miintz  ha« 
alao  examined  the  influence  of  liiue,  and  finds  that  the  addition  of  '409  gram  CaO 
to  a  eolntion  <tf  i  o  grama  sugar  in  100  00.  redncee  the  rotatory  power  from  67* 
to  64**4;  that  twice  the  aaurant  of  lime  reduoee  it  to  61^;  three  times  the 
amount  to  56''-9 ;  and  fonr  timee  the  amonnt  to  54**8.  Theee  ictoHiobTionsly 
do  not  agne  with  Pahranfiuit'i. 
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When  cane  sugar  is  warmed  ^vith  an  excess  of  acetic  auhy- 
dride,  a  vigorous  action  takes  place,  which,  when  once  estabUshed, 
continues  spontaaeously ;  the  product^  after  washing  with  water 
and  drying,  is  a  gum-like  amorphous  mass  of  the  composition 
CijHijlcyi^OJ^O^.  By  prolonging  the  action  of  the  anhydride, 
an  octacetate,  Ci2H,^(C2H302)Pj^  having  similar  properties,  k 
finally  obtained  (Schiitsenberger). 

Cane  sugar,  like  sucrodextrose,  combines  with  sodic  chloride, 
forming  the  compound  Cj|H^0|j.NaCL20H,,  which  with  some 
difficulty  IB  obtained  crystaUixed  in  prisms  terminated  hy 
pyramids.  It  also  combines  with  sodic  iodide,  the  compound 
2Ci2H„0||.3NaI.50H,,  crystallising  with  the  greatest  readinen 
firom  solutions  containing  a  moderate  excess  of  the  iodide,  in  large 
transparent  monodinic  prisms,  which  can  be  recrystallised  as  often 
as  desired  from  water  or  aqueous  alcohol  without  suffering  de- 
composition. A  solution  of  these  crystals  has  the  rotatory  power 
corresponding  to  the  amount  of  sugar  present  (Gill,  /own.  CAesi. 
Soe.f  xziv.  269). 

Cane  sugar  is  much  less  readily  acted  upon  by  alkalies  than 
the  glucoses,  but  on  the  other  hand  it  is  extremely  sensitive  to  the 
action  of  acids.    Thus,  when  boiled  with  a  moderately  coucciitrated 
solution  of  potassic  or  sodic  hydrate,  the  liquid  only  slowly  becomes 
of  a  vellow,  and  later  on  of  a  brown  colour.    If  it  be  heated  with 
potassic  hydrate  and  only  a  small  quantity  of  water,  the  mixture 
becomes  at  first  brown,  but  is  afterwards  decolorized  and  evolves 
hydrogen,  and  then  contains  a  large  quantity  of  potassic  oxalate. 
On  heating  it  in  sealed  tubes  to  150°  (482°  F.)  M-ith  water  and 
2 — 3  pts.  baric  hydrate,  it  yields  70 — 80  per  cent,  of  its  weight 
of  lactic  acid,  and  small  quantities  of  carbonic  and  oxalic  acids, 
and  of  an  acid  which  furnishes  a  zinc  salt  soluble  in  alcohol 
(Schiitzcnberger,  Deut,  chem.  Ge*.  Ber.,  ix.  448).    If  a  mixture 
of  3  pts.  quicklime  and  i  pt.  sngar  is  distilled,  a  large  quantity  of 
inflammable  gas  is  evc^ved,  and  a  distillate  is  obtained  oonsisting 
of  a  watery  and  an  oily  layer;  the  former  contains  acetonCi 
together  with  a  small  quantity  of  acetic  acid,  and  the  latter  con- 
tains metacetone,  Cfi^fi  (b,p.  83^—84°  C),  iiophonme,  C^B^O 
(b.p.  210°  C),  and  bodies  of  higher  boiling  point  Proliably 
the  sugar  is  resolved  into  acetone,  methane,  carbonic  anhydride 
and  water,  and  the  metacetone  and  isophorone  are  products  of 
condensation  of  tiie  acetone  (Benedikt,  Atm,  Chem.  Pkarm,,  cbdi. 

Cane  sugar  is  converted  by  very  long  boiling  with  water  into 
&  mixture  of  equal  proportions  of  sucrodextrose  and  sncrolefu* 
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lose:*  Ci3H^20ii+OH,=C,H„Oj+C,H,^0,.  This  change  (inw 
non)  takes  place  even  at  ordinary  temperatures  in  the  presence  of 
adds,  especially  of  hydrochloric  and  sulphuric  acids^  and  ia  almost 
instantaiieoiuly  effiscted  on  heating  a  solution  oontaming  a  small 
percentage  of  either  of  these  acids  to  65'''— 70^  ('49^—158^  ^O* 
and  witiiont  coloration  of  the  liquid. 

The  rate  at  which  inversion  proceeds  depends,  however,  not  onlj  on  the 
tenperatnie,  hot  ilao  on  the  natare  of  the  Mid,  sad  the  rdative  amonnti  of 

■agar  and  aod  tootained  in  the  solution. 

It  in  more  rapid  the  higher  the  temperature,  but  the  law  of  variation  is 
unknown;  and  the  mineral  acids  are  far  more  active  than  the  organic  acids, 
acetic,  tartaric,  and  citric  acids  having  but  little  influence  at  ordinary  tempera- 
tataa.  Aooording  to  Fleary  (Ann,  Chim,  Pkyt.  [5],  vii.  381),  at  a  tempera- 
ture of  18"— 14*  (64% — 75^*2  F.),  hjdroehlorie  aoid  aeta  more  rapidly  than 
the  cqwvalent  amount  of  sulphuric  aad»f  and  sulphuric  more  rapidly  than 
phosphoric  acid;  but  arj<enic  acid  has  a  greater  effect  than  the  equivalent  quan- 
tity of  phosphoric  acid.  For  solutions  containing  the  same  amount  of  a  given  acid, 
but  varying  amounts  of  sugar,  the  rate  of  change  at  any  moment  appears  to  be 
proportional  to  the  amoant  of  nndeoompoaed  aogar  existing  in  the  liquid ;  bnt  if 
the  amoont  of  aogar  be  the  same  and  the  amoant  of  aoid  Tary,  the  infonion 
doea  not  talce  place  at  an  increasing  rate  proportional  to  the  incioaao  m  the 
anHNUit  of  aoid,  but  at  amnoh  greater  rate. 

Certain  salts  also  assist  inyersion^  but  apparently  this  is  to 
be  attributed  to  the  action  of  the  acid  formed  by  their  decomposi- 
tion  when  dissolved  in  water.}  Most  remarkable,  however,  is  the 
influence  of  a  cold  aqueous  decoction  of  yeast  free  from  yeast 


*  The  maum  ui  whieh  the  Isf  nloae  may  be  iaolated  from  the  prodnot  baa 
already  been  detoribed  (p.  584) ;  the  dextrose  may  be  obtained,  aflcr  removal  of 
the  acid,  by  evaporating  the  solution  to  a  thin  f  vrup,  and  allowing  this  to  stand, 
when,  sooner  or  later,  crystals  are  formed,  whicli  may  be  purified  in  the  manner 
we  have  described  when  speai^ing  of  the  preparation  of  sucrodextrose  from 
honey. 

t  Itbaa  been  itated  tiiat  adphovio  acid  acta  more  rapidly  than  hydnobloiio 
aoid. 

*  In  order  to  test  the  theory  that  certain  salts  undergo  decomposition  when 
dissolved  in  wattr,  Flrury  has  compared  the  efl'oct  of  several  salts  on  the  inversion 
of  cane  siigar  solutiouu  with  that  of  the  corresponding  acids,  and  haM  obtained 
reanlta  of  ooosiderable  interest  In  an  experiment  with  hydric  potaanesolphate, 
KHSO4,  he  found  that  the  influence  of  this  salt  was  only  equal  to  that  of  about 
l-ioth  the  qoantity  of  and  whidh  would  be  formed  supposing  it  were  entirely 
converted  on  solution,  into  sulphuric  acid  and  normal  potassic  sulphate ; 
similarly,  the  action  exerciaed  by  aluminic  sulphate  was  equal  to  less  than  i-5oth 
part  of  that  of  the  sulphuric  acid  equivalent  to  the  amount  of  salt  taken. 
Qninine  sulphate  and  hydrochloride,  morphine  hydrochloride,  and  a  mixture  of 
sodic  acetate  with  the  equivalent  amount  of  hydrochloric  add,  were  entirely 
without  action  ;  this  la«<t  observation  is  of  interest  as  a  further  proof  that  a  salt 
like  sodic  Jicetate  is  entirely  decoraf)Osed  when  a  strong  acid,  such  as  hydrochloric 
acid,  is  added  to  its  solution.  A  more  extended  series  of  observations  according 
to  this  method  would  be  of  considerable  value. 


Digitized  by  Google 


602  GABBOHTDmAlfM.  [iS^^ 

cells  and  of  malt  extract^  saliva,  pancreatic  jaice,  and  many  other 
substances  of  animal  and  TCgetable  origin,  which  rapidly  effect 
the  inversion  of  sugar  even  at  ordinary  temperatures,  but  especially 
at  temperatures  slightly  higher,  not  exceeding  blood  heat;  die 
action  of  these  substances  is  due  to  certain  unstable  mtrogenons 
bodicsi  vhich  they  contain,  but  as  yet  no  satisftctory  egplsnstinn 
has  been  given  of  the  manner  in  which  these  "  nnorganiied  fer^ 
ments/'  as  they  are  generally  termed,  induce  the  decompositio& 
of  cane  sugar  by  water. 

The  inversion  of  a  cane  sugar  solution  is  attended  with  a  con- 
traction in  volume  (eomp.  Chance],  Compt.  Rend.,  Ixxiv.  876),  and 
also  with  development  of  heat  (Fieury,  loc.  ciL,  p.  404).  There 
is  also  an  inerease  in  the  speeific  gravity  of  the  liquid :  thus,  a 
solution  containing  at  15°*5  (5y°"9  F-)  10  grams  cane  sugar  in 
100  cc  has  at  this  temperature  the  sp.  gr.  1*0385,  but  a  solutioa 
ci  the  in\  ert  sugar  from  10  grams  cane  sugar  (10*526  grams)  ia 
ICO  cc.  has  the  sp.  gr.  1*0405.  Moreover,  as  the  inversion  pro- 
ceeds, the  dextrorotatory  power  of  the  liquid  gradually  diminishes, 
and  at  a  certain  point  the  solution  is  apparently  optically  inactiT^ 
but  it  soon  begins  to  exhibit  l»vorotatory  action :  this,  as  we  hive 
already  stated,  is  because  the  Isevorotatory  action  of  aucrolsniloae 
is  much  greater  than  the  dextrorotatory  action  of  sucrodextrae— 
viz.,  in  about  the  proportion  of  106  :  58  at  14®  (57°*a  F.).  ftf 
example,  a  solntion  of  16  19  grams  cane  sugar  in  100  cc.  reqiBWi 
for  compensation  100  divisions  of  the  Soleil-Dubosc^  scale,  hot 
to  compensate  after  its  inversion,  if  the  reading  be  takeu  at 
0°  (32°  F.),  it  is  necessary  to  shift  the  scale  about  44  division* 
£rom  the  zero  point  in  the  opposite  direction.* 

It  is  important  to  notice  that  the  mixture  of  dextrose  and 
IsBvulose  formed  on  inversion  is  liable  to  change  if  the  heating 
be  continued  after  the  inversion  is  complete ;  indeed,  O'Sullivan 
finds  {private  communication)  that  if  heated  for  a  considerable 
length  of  time,  the  solution  not  only  becomes  slightly  coloured, 
but  its  sp.  gr.  increases,  while  its  optical  activity  and  copric  oii«le 
reducing  power  diminish.    Thus,  the  sp.  gr.  of  tiie  solution  of  tin 

*  At  the  t{>pareiit  •pecifie  rotatory  power  of  siicrodestroae  is  known,  we  buj 
readfly  calculate  thatof  »ucrolsDviilose  fitnathe  obeeivation  of  the  rotatorr  power 
of  a  solution  of  Invert  sug-ar.  For  example,  a  solution  of  10*526  grain*  of 
invert  sugar  in  100  cc.  is  found  at  the  onlinary  ti'inix  riiture  to  luivo  the  »p»N:iW 
rotatory  power  [a^  =  —  22°  8,  but  as  only  one-half  the  matter  in  solutioo 
dees  levorotatory  action,  this  numher  must  be  doubled*  and  therefow  Iwoam 
— 4 ^"'6 ;  obvioiuily  to  this  must  now  be  added  the  j^parent  specific  rotatioiy 
power  of  sncrodextroee— vis.,  C«l=58''  (about),  and  we  thai  obtain  the  wlw 
[a^  as  .  I03''*6  ss  ths  apparaut  spedfio  lotatoiypower  of  sooroberaksfr 
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invert  sugar  firom  lo  if^ms  cane  sugar  in  loo  oc.  being  1*04054 
and  its  specific  rotatory  power  calculated  on  the  total  matter  in 
solution  [u]j  =  —22^-8,  he  observed  an  increase  of  the  sp.  gr.  to 
1*0430, — ^which  is  equivalent  to  11*17  grams  of  solid  matter  in 
the  100  cc. — and  at  the  same  time  the  specific  rotatory  power 
was  reduced  to  [a]j  =  ^12^7,  and  the  cupric  oxide  reducing  power 
diminished  from  105*26  to  85 — 90.  It  would  appear,  therefore, 
that  either  the  dextrose  or  laevulosc,  or  perhaps  both,  undergo 
further  hvdraiiou  :  the  nature  of  the  budv  or  bodies  which  are 
formed  has  yet  to  be  asccrtuiiicd,  but  from  preliminary  experi- 
ments, O'Sullivau  believes  tliat  the  product  does  not  reduce  an 
aiitaline  cuprie  solution,  neither  is  it  fermentable.* 

Grotc  and  Tolleus  have  shown  {Ann.  Chem.  Pharm.,  clxxv.  181) 
that  if  a  more  concentrated  suljiliurie  acid  solution  be  employed, 
the  invert  sugar,  or  rather  principally  one  of  its  constituents — 
the  laevulosc — undergoes  still  more  profound  change.  Thus,  if  a 
mi.vture  of  400  grams  cane  sugar,  400  grams  sulphuric  acid, 
and  4300  grams  water  be  heated  to  boiling  during  several  days, 
a  considerable  amount  of  black  humus-like  matter  separates,  and 
the  solution  contains  formic  and  bevuliuic  acids,  together  with 
humus-like  substances  and  sucrodextrosc.  Ltevulinic  aeid,  C^HgOj, 
below  11°  (5i°'8  F.)  crystallizes  in  scales  resembling  crystallized 
acetic  acid  ;  it  is  monobasic,  and  furnishes  a  series  of  crystalline 
salts,  of  which  the  silver  salt  is  the  most  characteristic.  It  boils 
at  about  260^  (500®  F.) ;  water  dissolves  it  in  all  proportions,  and 
the  solution  is  optically  inactive ;  when  heated  at  loo^  (212"  F.) 
with  a  5  per  cent,  solution  of  sulphuric  acid  it  it  but  little  affected. 
On  treating  dextrose  in  a  similar  manner,  very  little  of  the  humus- 
like matters  were  formed,  and  neither  formic  nor  levulinic  acid 
could  be  separated  firom  the  solution ;  but  Icvulose  from  inulin 
furnished  a  considerable  amount  of  humus,  and  both  formic  and 
ltevulinic  acids,  so  that  there  can  be  no  doubt  that  the  latter  are 

•  A  crystalline  body  wltich  after  drying  in  the  air  has  the  compoBition 
C,H,^Oy  has  been  iwjlatod  from  r.finer>«*  mohuiues  by  Loiseau  {Compt.  Rend., 
Ixxxii.,  1058).  MuJJinote,  as  tluit  ttuUlauoe  is  termed,  is  almost  destitute  of 
tweet  taste;  at  so®  (68**  F.)  it  dieeolvee  in  about  7  pte.  of  water,  batinellpto- 
pactimie  m  hot  water  j  the  mtntion  bee  a  higher  dextnyrotatory  power  than  that 
of  cane  susrar  in  the  proportion  of  loo  :  159,  henoe  [a\  -  •  I'  melte  at 
aboat  80'  (176'  F.),  and  when  heakn]  to  100°  (212^  F.)  loses  15-1  per  cent, 
water,  wliieh  it  regains  in  ^x-^wi  part  when  exposed  to  inuist  air  ;  tlie  residue  hat 
therefore  the  cowpoklLiuu  reprehealed  by  the  eujpiiicul  I'orumlu  C  li^^O^. 

Tha  obeenratiene  of  Ififaits  aad  of  Giiard  and  laborde  (Compt  Sand,, 
hcsxii.)  nbo  indicate  that  the  ejmip  whieh  draine  &oni  raw  cane  angar  and 
molasses  contains  a  substance  different  from  invert  sugar;  in  moet  caees  appa- 
rently it  is  opticaily  inactive  although  capable  of  rednoing  Fehling'a  eolation. 
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derived  from  snerotevnlose,  and  not  from  sncrodezirose.  Their 
formation  may  be  empirically  represented  by  tbe  equation : 

C.HjP,    =  +    CH,0,    +  OH,. 

SMNtavdoM.         lavaliatoMid.  Ponuiescld. 

Coneentrated  snlpburic  acid  very  readily  decomposes  cane 
sugar,  vapours  of  formic  acid  and  sulphurous  anhydride  and  car- 
bonic oxide  being  evolved,  while  a  voluniiuons  black  carbonaceous 
mass  remains  :  but  it  is  stated  that  if  it  be  verv  carefully  mixed 
with  the  cold  acid,  it  becomes  brown  without  evolving  sulphurous 
anhydride,  and  the  mixture  is  completely  soluble  in  water  without 
separation  of  carbon.  Concentrated  hydrochloric  acid  also  acts 
Tioleutly  on  cane  sugar  and  chars  it. 

If  heated  with  alcohol  to  160°  (320°  F.),  cane  sugar  remains 
unaffected,  but  water  at  this  temperature  decomposes  it,  about 
half  its  carbon  being  separated  as  carbonic  anhydride  and  in  the 
solid  state,  whilst  the  solution  contains  formic  acid  (Loew)  ; 
according  to  Gorup^Besanez^  if  it  be  heated  with  water  to 
280°  (536°  F.),  a  very  large  quantity  of  carbonic  anhydride  and 
of  bladL  carbon  aceons  matter  is  formed^  and  also  a  small  amount 
of  pyrocatechol. 

Cane  sugar  is  readily  oxidized,  although  as  compared  with 
the  glucoses,  it  opposes  very  considerable  resistance  to  the  action 
of  the  weaker  oxidisiag  agents.  Thus,  it  reduces  silver  and  mer- 
cury salts  when  boiled  witii  them,  and  precipitates  gold  from  asolu- 
tion  of  the  chloride,  but  only  very  slowly  reduces  Fehling's  solution ; 
and,  like  the  glucoses,  it  dissolves  cupric  hydrate  in  presence  oi 
alkali,  forming  a  blue  solution  from  which  cuprous  oxide  is  pre- 
cipitated on  boiling.  Probably^  however,  in  iJl  these  cases  the 
cane  sugar  is  not  directly  oxidized.  On  careful  treatment  widi 
dilute  nitric  add,  it  yields  saccharic  add,  usually  together  with 
tartaric  and  oxalic  adds  which  are  formed  from  the  latter  by 
further  oxidation.  Dry  chlorine  does  not  attack  it  at  ordinary 
temperatures,  but  on  passing  the  gas  into  an  aqueous  solution  of 
cane  sugar,  and  subsequently  neutralizing  with  argentic  hydrate, 
&c.,  gluconic  acid  is  obtained  identical  with  that  produced  from 
sucrodextrosc  (Illasiwctz  and  Ilabcrmann).  \Yhen  distilled  with 
manganic  peroxide  and  dilute  8ui|>huric  acid,  it  yields  a  consider- 
able amount  of  formic  acid. 

As  already  mentioned,  it  is  not  directly  fermentable,  but 
when  its  dilute  aqueous  solution  is  mixed  with  yeast,  it  rapidly 
undergoes  inversion,  and  the  mixture  of  dextrose  and  la?vulo9e 
thus  formed  thou  enters  into  fermentation  ;  about  51  to  52  parts  of 
alcohol  being  produced  for  each  100  parts  of  cane  sugar  employed. 
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BttimaHon  tf  Can§  Ai^ar.— The  pfMenoe  of  cane  sugar  on  only  lie  astis- 

liBctorily  established  by  quaotiUtiTe  analysw,  if  it  ooeon  together  with  other 
bodiea,  and  b  then  only  possible  If  the  foreign  substances  are  either  optically 
inactive  and  also  without  action  on  Fehling's  solution  both  before  and  after 
inversion,  or  of  known  optical  activity  and  cupric  oxide  reducini^'  power;  if  this 
be  not  the  case,  it  Ixxome^i  uecesiiary  to  isolate  the  sugar  by  appropriate  treatment 
m  oid«r  to  be  sore  of  ita  prasenoi. 

If  ft  aolatioa  oontain  aimply  eane  sagar,  ita  amoimt  may  readily  Be  eatimated 
by  determining  the  ^edfic  grevify,  or  tiie  rotatory  power  of  the  solution ;  but 
this  is  seldom  the  case,  the  sujjar  as  a  rule  occurring  together  with  other  sub- 
stances, which  sometimes  are  without  action  on  polarized  lii^ht,  and  do  not  reduce 
Fehling's  solution,  but  more  often  either  reduce  Fehling's  solution  or  exhibit  optical 
activity,  or  are  both  optically  active  and  capable  of  precipitating  cuprous  oxide. 

Tba  ptaaenee  of  «aae  sugar  in  a  given  anbatanoe  or  eolation  b  in  the  highest 
degree  probable  if,  when  examined  by  polarized  light,  the  aolntion  of  the  aob- 
ataaoe,  or  the  original  solatum  respectively,  ia  found  to  possess  dextrorotatory 
power,  but  to  be  without  immediate  action  on  Fehling's  solution,  and  after 
heating  with  an  acid  to  possess  Uevorotatory  power,  and  to  be  capable  of  imme- 
diately reducing  an  alkaliue  cupric  solution.    In  order  to  establish  the  presence 
of  eaae  angar,  however,  it  ia  neoeaiarjr  to  determine  tiie  rotatory  power  of  the 
eolottMiy  both  before  and  after  invernoo  t  then,  ainee  invert  an^sr  ia  a  mixtore 
of  equal  proportions  of  anerodextrose  and  sucroltevulose.  and  the  specific  rotatory 
powers  of  the  two  bodies  are  rosp.-otively  [fi]^—  5  7^*6  and  —  106"  (at  14*  C» 
or  57*"2  F.),  the  specitic  rotatory  power    of   the  mixture  is  — 
=  —  24*'"2  at  14°  C.  (57°*2  F.),  and  provided  the  observation  be  made  at 
this  temperature,  the  number  of  degrees  of  laevorutatiim  produced  by  a  solu- 
tion of  the  invert  hugar  formed  from  a  sul.iiiuu  oi  uane  sugar  of  arbitrary 
atrength,  bat  of  knomi  dextrorotatory  ix)\ver,  ia  ealoolated  by  multiplying 
the  nninber  of  degreea  of  dextrorotation  exhibited  by  the  eane  augar 
aolntion  bj  '32*  ainee  the  specific  rotatory  power  of  cane  sugar  ie  [a]j  =  73  *8 
and  24*2  =  73  8  X  o"32.    If  the  calculated  and  observed  values  are  fairly  ac- 
cordant, the  presence  of  cane  sugar  may  be  regarded  as  established,  Anotlier 
method  which  is  perhaps  preferable,  juj  it  does  not  require  a  knowledge  of  the 
specific  rotatory  powers  of  the  ooustituents  of  invert  sugar,  consists  in  observing 
the  rotatory  poww  of  the  original  aolntion  and  ita  onprie  oxide  redocing  power 
after  inveraion:  from  the  latter  value  the  amount  of  cane  sugar  present  in  a 
given  volume  or  weight  of  the  solution  is  readily  deduced,  and,  this  bnng 
ascertained,  the  apparent  specific  rotatory  power  of  the  substance  in  solution  may 
then  be  calculatrd  and  coiup:ireJ  with  the  known  value,  with  which  it  must 
coincide  witiiiu  the  limits  of  experimental  error  if  the  solution  contain  oi-.ly  cane 
augar.   The  ealenlation  ia  made  in  the  following  manner  i — ^Invert  sugar  having 
the  earoe  eoprie  oxide  redodng  power  aa  aoorodextroee,  aa  one  moleenbr  proportion 
of  the  latter  redooea  five  moleoilar  proportiona  of  copric  oxide,  we  have  the  relation : 

:  SCaO  =  180  ;  396-51 
but  one  mcdecular  proportion  of  cane  sugar  furnishes  one  of  dextraae  and  one  of 
kevulose,  so  that  the  invert  sugar  from  a  sins:le  molecular  proportion  of  OBDO 
aogar  rednoea  ten  molecular  proportions  of  cupric  oxide,  or : 

C,,H^O„  :  loCuO  =   342  :  793. 

From  this  it  follows  that  each  gram  of  cupric  oxide  obtained  (p.  568)  represents 
or  '431   gram  of  cane  sugar;   hence,  to  find  the  number  of  grams  of 
cane  sugar  c  iu  100  cc.  of  so!uti  )n.  wo  have  c  —  .j-  x  0*43 !,  whore  x  equals  the 
number  of  grams  of  cupric  oxide  wliich  would  be  obtained  on  reduction  of 
Fuhliug's  solution  by  the  invert  angar  ibnned  from  100  oa  of  the  original  aolntion. 
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The  nietKod  jast  described  obvioasly  appliei  not  only  to  ihe  deiection,  bat 
■ho  to  the  estinmiion  of  the  anoount  of  cane  sugar  in  a  given  solaiion.  Bat  tbe 
amount  nf  cane  sn^ar  in  a  fjiven  substance  c<uitaining  no  other  opticallj  actire 
body  !))ay  readily  be  asciTtiiint'd  by  merely  obser\'ing  the  rotatory  ^Kjwer  of  a 
solutiuu  of  tbe  substance  ot  known  strcngtli,  for  a  solution  containing  in  loocc 
16*19  g'lupw  of  eane  sugar  prodaoet  in  tiio  Soleil-Daboaoq  •■edMroinetera&> 
placement  of  100  Male  dinaiona:*  therefore,  if  16*19  gnuu  of  the  piea 
■ubatanee  be  dissolved  in  water  to  lOO  cc.,  and  the  solotion  examined  io  tini 
saccbarometer  in  a  tube  200  mm.  long,  the  ohspi  vation  bein^jmade  for  tbe  tem- 
perature at  which  the  Bolution  is  prepared,  the  number  of  scale  divisions  nt^uired 
for  compensation  directly  represents  the  percentage  of  cane  sugar  in  the  sub- 
stance ;  or,  if  one  of  the  other  forma  of  apjmratus  illuminated  by  sodium  light  be 
employed,  and  the  angular  donation  produoed  by  n  aolntion  of  the  above  atRegCh 
in  a  tube  200  mm.  long  observed,  the  amount  <tf  eane  augar  preecnt,  jr,  maj  bt 
ealeolated  by  the  aimple  proportion : 

ai'8o  ;  X  B  16*19  :  jr 

where  c  equda  ^  oibaerved  angnhur  deviation,  einoe  a  eolatkm  of  16*19  fpm* 

ciiiu>  sugar  in  100  oc.  produces  in  a  column  of  200  mm.  a  deviation  of  2i°'Sc. 
The  observation  may  be  ebeeked  by  determining  tbe  rotatoty  power  of  the  loli- 
tion  after  inver8ion.t 

*  The  amount  of  eane  aogar  whuh,  when  diaaolved  in  water  to  100  ee.  aai 
tiie  eolation  Mamined  at  the  eame  temperatnre  aa  that  at  which  it  is  p^^ 
pared  in  a  tube  200  mm.  in  length,  is  required  to  produce  a  deviation  e^ 

to  100  divisions  of  tbe  Soleil-Duboecq  scale,  was  for  the  first  time  asoertainedbf 
Clerget  in  1849,  who  stated  it  to  be  i6'47i  grams.  Dubrunfaut  aftenrwds 
found  this  to  be  too  high,  and  reduced  it  to  16  390  grams,  which  later  on  wu 
still  further  reduced  to  16*35  gi'^'i'^  by  a  oonimissiun  consisting  of  PuuilH 
BMfeewiU  Sehldatng,  and  Duboaoq.  Beoently,  however,  De  Lujnea  u4  OM 
have  very  oarafhUy  redetermined  the  vaioe  of  the  eonatant  in  qoeation,  and  fiad 
that  only  16*19  grams  of  eane  augar  are  required  to  pndooe  the  came  amoentrf 
deviation  as  a  plate  of  quartz  i  mm.  in  thicknew. 

t  According  to  Tuschraidt  (Journ.  pr.  Chetn.  [2]  1870,  ii.  235),  a  sohtion 
of  cane  sugar  which  bflbre  inversion  produces  a  deviation  corresponding  to  100 
divisions  of  the  Soleil-Duboscq  scale,  after  inversion,  if  the  observation  be  mad« 
at  o"  (32'  F.)  caneea  a  deviation  of  44*16  divitlona  in  the  opposite  dimetioe; 
hut  Ibr  eaeh  degree  C.  riae  of  temperature  tbe  deviation  after  inversion  diminiibei 
by  '505  divisions  of  the  scale.  Tuscbinidt  haM  given  formulae  which  enable  the 
relation  between  the  tomporature  and  the  deviation  produced  by  a  wlution  of 
invert  sugar  to  be  calculated  tor  solutions  of  any  strength,  and  also  table*  by 
reference  to  which  the  amount  of  cane  Mugar  in  a  given  solution  may  be  a-scer- 
tained  when  the  deviation  whteh  it  produoea  befiwe  and  after  invetaioo  is  knoink 
These  tablea  are  baaed  on  the  formula: 

f44*x6o35  -  0*50578  *  J  100  =  8  :  B 

^  _   100  8  

144*0635  -  0*50578 1' 

where  R  i«  the  required  peroentage  of  eane  sugar  in  tiie  aolution,  8  the  mm  of 

the  acalo  readings  before  and  after  iuversion,  and  t  the  temperature  at  whidi  tlw 
observation  is  made  after  inversion.  Calculated  for  the  forms  of  instrument  vith 
which  8odium  light  is  employed,  and  the  absolute  angular  deviation  detemuaad, 
this  formula  becomes : 

31-310  -  o-ioy65 
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AaoUktr  meibod  of  dutingulfihing  whether  a  soluble  carbobydnle  whidk  oolj 

reduces  Fehling's  solution  after  hooting  with  dilute  acid  is  cane  siig^ar  or  not, 
without  the  employment  of  the  polarimetor,  depeiidiiifj  on  the  fact  that,  although 
dextrose  and  Isvulotje  have  the  saaie  cupric  oxide  reducing  power,  they  do  not 
ndooe  all  ozidndDg  agento  to  the  Mune  extent,  eonnete  in  detMrmining  the  cupric 
oside  zedacing  power  of  the  adutioii  after  inversicMi,  and  alao  its  mercarie  iodidt 
reducing  i>ower  in  the  manner  deeeribed  below.*  This  method  also  enables  Hi 
to  determine  whether  a  sohition  in  which  a  reducing  body  is  present  contains 
dextrose  or  invert  8ugar  only,  or  a  mixture  of  both,  and  the  proportion  in  which 
they  are  present.  Fur  example,  it  is  found  on  the  one  hand  that  exactly  25  cc. 
of  the  eolutkm  are  required  to  rednce  '72  gramti  Hgl,,  and  on  the  other  that 
tiieae  25  co.  redooe  an  amoant  of  Fehling's  eolation  cotreiponding  to  '125  gna 
^Qooee,  C,H,^0«  J  we  therefore  have  the  equation  i 

«  +  jr  e  '125, 


*  The  nereorie  iodide  rednebg  ftower  is  aeoertained  bj  *  modifieation  of 

Knapp'd  method  (p.  582),  wliich,  according  to  Sachsse,  doe*  not  yield  constant 
refults  (Cfiemie  d.  Farbdoffe,  Kohl  eh  }/<{  rate,  Sfc,  Leipnig :  L.  Vos.t.  1877). 
Knapp  lumul  that  lOO  pts.  dextrose  reduce;  400  pts.  mercuric  cyaiiidi',  wliieh  ia 
in  the  ratio  of  one  molecular  proportion  of  the  former  to  somewhat  lesti  than 
three  of  the  latter,  as  the  proportion  C,II„0, :  3Hg(CN),  requires  the  redaction 
of  420  pts.  of  the  cyanide ;  bat  Sachsse  stateN  that  the  amount  of  cjaaide 
redaced  depends  on  the  rate  at  which  the  dextrose  is  added  to  the  boiling  mercuric 
cyanide  solution,  the  reduction  being  greater  the  more  rapidly  the  titration  is 
effected.    He  finds,  however,  that  an  alkaline  solution  of  another  mercuric  salt — 
viz.,  the  iodide,  yields  constant  results.    The  solution  is  prepared  by  dissolving 
18  grama  pnre  dry  mercarie  iodide  in  water  with  the  aid  of  25  grama  potaaeic 
iodide,  adding  to  this  80  grams  of  potassie  hydrate  dissolved  in  water,  and  then 
diluting  to  Tooo  cc.    Of  this  solution,  40  cn.,  containing  '72  gratn  of  merctjric 
iodide,  are  heated  to  boiling  in  a  porcelain  dish,  ami  the  solution  of  the  carbo- 
hydrate of  about  half  a  per  cent,  strength  is  then  added  —at  first  in  quantities  of 
5  CC  at  a  fknt,  tiien  in  quantities  of  i  cc,  and  lastly  by  tenths  of  a  «ib!e  cetkti« 
metre^  until  the  whole  of  the  mereary  is  precipitatsd,  which  is  ascertained  bj 
means  of  a  saturated  soluti(ui  of  commercial  stannons  chloride  in  alkali,  a  number 
of  drops  of  which  are  placed  on  a  porcelain  plate,  and  one  of  them  mixed  with  a 
drop  ut'  liquid  from  the  dish  after  each  adilition  of  the  carbohydrate  solution  : 
at  first  a  black  precipitate  is  formed,  whicli  become!*  le^s  and  lesii  evident  as 
the  reduction  proceeds,  and  the  titration  is  regarded  as  complete  when  the 
addition  of  a  drop  of  the  titrated  liquid  no  longer  produces  even  a  brown 
coloration. 

It  is  found  in  this  manner  that  on  an  average  '1 501  gram  of  dextrose  is 
required  to  effect  the  reduction  of  40  cc.  of  mercuric  iodide  solution  containing 
'72  gram  Hgl,,  which  is  in  the  proportion  of  2.454:  189,  or  n(>arly  as 
dUgl, :  cyi^^U,  (2.254:  x8o).    Invert  sugar,  however,  has  a  much  greater 
leducing  power,  '1072  gram  sufficing  entirely  to  precipitate  the  mercury  from 
40  cc.  of  the  mpfcuric  iodide  solution;  from  this,  supposing  the  dextrose  to  have 
the  same  reducing  power  as  when  alone,  we  may  calculate  that  llie  amount  of 
Iffivulose  required  to  reduce  "72  gram  of  mercuric  iodide  is  2  x  0.1072  —  01 501  = 
0*0643  gram,  which  ia  in  tiie  proportion  of  9  454  : 364  or  nearly  as  2C,H„0, : 
*9  Ugl^  This  remarkable  diflTerence  in  the  behaviour  of  dextrose  and  laevuloee  is  of 
the  greatest  intereet,  and  it  may  be  expected  that  further  ob«ervations  of  this  kind 
on  the  behaviour  of  the  ditr-n-ttt  gluooaes  with  various  osidtaing  agents  will 
famish  results  of  much  impoiiauce. 
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vbire  X  it  the  destnMt  and  jr  the  invert  sugar.     In  order  io  find  the  tteood 

equation  which  is  necessary  to  ascertain  the  value  of  these  two  unknowns,  we 
have  merely  to  bc.ir  in  mind  that  "1504  ^rani  dextrose,  but  only  •1072  gmn 
invert  sugar  ia  required  to  reduce  "J2  gram  Hgl, ;  therefore  x  i;rams  dextroie 
correspond  to  « >c      =  479  x  and  ^  grams  invert  sugar  to  ^  x  „  =  6  71  y 

gnuDOS  nMMiuis  iodide^  and  therefore ; 

479 «  +  671^  =  72. 

Hence, «  »  *o6i8  and  y  =s  '0633  ;  in  other  words,  the  solation  oonUtined  & 
mistare  of  dextrose  and  invert  sugar  in  nearly  equal  proportions.  Obviooslj,  if 
ar  or  y  =  O,  invert  sti^^ar  or  doxtrose  only  is  present ;  in  the  former  case,  nap- 
posin;^  the  solution  had  been  prepared  from  a  substance  which  did  not  imme- 
diately reduce  Fehling's  solution,  by  heating  it  with  a  dilate  acid,  it  would  fullov 
that  tiie  snbstanoB  nnder  eiamination  wss  cane  sugar,  but  if  destrose  alooe  wars 
present  it  would  follow  that  the  substance  examined  consisted  of  dextrill,or  of  a 
sim'Wr  body,  which  yields  only  dextrose  when  boiled  with  acids. 

This  metliod  of  analysis  will  doubtless  be  found  generally  applicable  when  the 
behaviour  of  other  carbohydrates  besides  sucrodextrose  and  sucroUevulose  witli 
various  oxidizing  agents  has  been  asoertiuned. 

If  eane  sugar  ooenr  togethw  with  invert  sogwr,  the  mixtare  may  be  upgtm* 
mately  analysed  by  simply  detennining  its  cupric  oxide  redudng power  both  befim 
and  aflcr  heating  with  acid  ;  the  determination  of  cane  sufjar  in  presence  of  invert 
suj^-.ir  in  this  ni. inner  is  not  exaet.  as  the  former  does  not  entirely  escape  oxidation 
when  heated  with  i-'ehliug's  solution,  the  error  from  this  cause  being  greater  the 
more  slowly  the  titraUon  is  effected  (Scheibler,  DeuL  ekem.  0«t.  JSer.,  v.  928). 
In  Ofder,  however,  to  oheok  the  results  of  analysis,  and  to  aaoertdin  wbsflMr 
dextroee  and  laevulose  are  present  in  the  proportions  in  which  they  occur  in  ia- 
vert  suijar,  the  rotatory  power  of  a  mixture  of  the  composition  ascertained  bf 
the  analysis  is  calculated  and  compared  with  the  observed  rotatory  power  before 
treatment  with  acid.  By  also  observing  the  rotatory  power  ailer  treatment  with 
add,  the  aetual  amoant  of  dextroee  and  lavuloee  present  may  even  be  determined ; 
as  an  fTfiT*r*^  of  this,  the  following  analysis  of  honey  may  be  dted:— IO  gnuss 
honey  were*  treated  with  cold  water,  tlio  solution  filtered  from  wax,  <tc.,  then 
made  up  to  100  cc.  at  I5*'*5  (60^  F.),  and  the  sp.  gr.  determined  in  oi"dor  to 
ascertain  the  amount  of  matter  dissolved ;  the  sp.  gr.  wan  found  to  be 
1*03 115  s  8*1  grams  solid  matter  in  the  100  ee.,  or  81  per  cent,  soluble  loUd 
matter  in  the  honey.  The  apparent  speciBo  rotatory  power  of  the  soUd  matter  thai 
dissolved  was  fbond  to  be  [a]j  -  —13**4,  the  sulution  requiring  for  compeO' 
sation  in  a  220  mm.  tube  -  10  divisions  of  the  Soieil>£>uboso)  seals^  snd  ill 
cupric  oxide  reducing'  power  to  be  -  91. 

Anolber  stronger  solution,  made  without  weighing  the  honey,  was  heated 
with  one  or  two  drops  dilute  sulpbarie  add  for  about  an  hour,  the  add  neotra- 
lixed  with  baryta  water,  and,  after  removal  of  the  baric  sulphate,  was  dilotsd  to 
100  CO.  at  15^  5  (60'  F.).  Its  sp.  gr.  was  found  to  be  1*04033  b  10*472 
grams  solid  matter  in  100  cc.  ;  its  apparent  speeific  rotiitory  power,  deduced 
from  the  observation  that  it  required  lor  compensation  in  the  220  mm.  tube 
-  i6'5  scale  dii-isions,  being  —  I7°'3,  and  its  cupric  oxide  reducing  power 

From  the  cupric  oxide  reducing  power  it  is  evident  that  the  optical  a.  tivi^ 
of  the  solution  is  entirely  due  to  the  glucoses  present;  and,  supposing  that  these 
OOlisist  of  a  mixture  of  dextrose  and  hDVulose,  we  may  ^^l^"!**^  the  OOmpOiitioil 

of  the  mixture  iu  ilie  loilowing  manner: 

Let  X  s  dextrose ;  then  9*95  —  «  s  Imvolosai 


• 
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The  apparent  ip.  rot.  power  corresponding  to  i  gram  dexttOM  in  xoo  ce.  is 
5^*76,  and  to  <me  gram  of  lievuloae  —  io*'*46 ;  iherdBm 

576  «  +  (9-95  -  «)  -  10*46  =  -  if'S, 

wbenoe  x  »  5-35  grams  dextroae  in  9*95  grami  aolid  matter,  the  randoe, 

4*60  grams,  being  linvulose. 

From  the  reilucing  jK)wer  before  inversion,  we  see  that  10  grams  solid  matter 
contain  9*1  giains  ol  glucoses  ;  hence  the  amount  of  cane  sugar  is  repreaented  by 

9'95   ~         ~    '^5  gr:ims  invert  sugiir, 

but  10  grams  cane  sugar  =  10526  gramn  invert  sugar, 

/.   10*526  ;  10  =  -85  ;  -845. 

Nov  "Ss  gram  inmrt  ragar  »  '425  gram  dextrose  and  '425  gram  ksvnlos^ 

•'•  5'35  -  '425  =  4*925  =  original  dextrose 
4*6o  -  -425  =  41 75  =■      „  ]»?ii]ose 
sad         '845  B      „  oaneaogar. 

The  percentage  composition  of  the  solid  matter  of  the  houey  soluble  in  water  is 
oonaequentljr 

49*25  dextrose 
4175  Invniose 
8*45  cane  sugar. 

If  the  sp.  rot  power  of  a  mixture  of  this  oompoeition  be  calculated,  it  will  be 
fimnd  s  —  9*'*o8  against  — 13*''4  observed ;  thus  i 

4925  ^       5°76  «  a8-36 
•845  ^       7*''3«  =  6-23 


3459 

4175  X   ~io°-46  =  -4367 

-  9*o8 

There  is  thus  a  very  considerable  difference  between  the  observed  and  oslen* 
lated  values,  wliich  is  probably  due  to  errors  of  manipulation.  The  analysis 
serves,  however,  to  indicate  the  method  of  ascertaining  the  composition  of  a 
mistnre  oi  carbohydrates. 

It  is  often  necessary  before  a  saccharine  solution  can  be  sabmitted  to  polari- 
scopic  examination  to  decolorize  it ;  tliis  may  sometimes  be  effected  by  6hration 
through  aniniul  charcoal,  but  in  this  case  the  first  portion  of  liquid  which  passes 
through  is  rejected,  as  ihc  fresh  charcoal  Uikes  up  from  the  solution  a  certain 
anunrnt  of  sugar.  In  Hie  csamimition  of  molssses,  whkik  are  deeply  coloured,  it 
is  nsQsl  to  deeoloriae  by  the  addition  of  bane  plumbic  aoetete ;  Gill,  bowerer, 
bae  shown  that  it  is  necessary  to  remove  the  excess  by  the  addition  <^  a  strong 
solution  of  sulphurous  acid  before  taking  the  observation,  as  the  rotatory  power 
of  the  lavulose  present  is  modiiied  to  a  cunsliiLiable  extent  by  basic  plumbic 
acetate,  even  becoming  reversed  if  a  large  excess  of  the  latter  be  present :  the 
effect  is  oaij  temporary,  and  cessee  with  the  removal  of  the  lead*  The  plumbic 
acetate  siso  intsrferes  with  the  copper  teet  (Jbnm.  CXms.  Soe.,  xxiv.  91). 

(1565)    Lacton   or    !MiLK    Sugar;    Lactin    or  Lactose: 
Cijllo^Oj,. — Tliis  rarbobTfh-nlo  has  bocii  found  only  in  the  milk 
of  mamiuuiiaj  being  coutaiued  in  grcatc^st  abuudaucc  iu  tixat  of 
3  ft  & 


Digitized  by  Google 


610 


CAftBOHTDRATES. 


the  lierbiyora;  but  it  is  also  secreted  by  the  carnivora,  although 
their  diet  is  ezclusiYely  of  an  animal  nature.  Milk  sugar 
apparently  is  leas  subject  to  vary  in  amount  than  any  other  eon* 
atitnent  of  milk,  about  four  per  cent,  bein^  the  average  quantity 
in  the  milk  of  human  females  and  of  herbivorous  animals.  It 
may  be  prepared  by  treating  milk  with  dilute  sulphuric  acid  or 
calf  8  rennet  to  separate  the  albuminoid  matters  and  the  fat,  tLcu 
removing  the  coaguhiin,  and  evaporating  the  whey  to  a  thin  syrup; 
the  crystals  wliich  form  sooner  or  later  are  purified  by  several 
recrvstallizations  from  water  with  the  aid  of  animal  charcoal.  It 
is  prc})arcd  on  a  considerable  scale  in  some  localities  from  the 
whev  obtained  in  the  manufacture  of  clieese. 

Milk  sugar  crystallizes  in  hard,  white,  semi-transparent  hemi- 
hedral  rhombic  prisms  of  the  composition  Cj,H.„Ojj -f  OHa ;  the 
crystals  do  not  give  oflf  water  at  100°  (212°  ¥.),  but  are  rendered 
anhydrous  by  heating  to  130°  (266°  F.).  The  anhydrous  sugar  is 
not  altered  on  further  heating  to  1 50° — 160°  ($02° — ^320°  F.),  but 
at  170® — 180"  (338° — 356°  ¥.)  it  becomes  brown,  and  is  converted 
with  loss  of  the  elements  of  water  into  so-called  lactocaramel ;  at 
higher  temperatures  it  undergoes  still  more  profound  change. 
Crystallized  milk  sugar  dissolves  in  about  6  pts.  of  cold,  and  2^ 
pts.  boiling  water ;  the  solution  thus  formed  is  less  sweet  to  the 
taste  than  one  containinfp  an  eqnal  weight  of  cane  sugar.  It  is  in- 
soluble in  anhydrous  alcohol  and  ether.  A  freshly  prepared  aqueous 
solution  has  a  higher  dextrorotatory  power,  in  the  ratio  of  8 : 5,  than 
the  same  solution  after  standing  for  some  time  or  heating ;  the 
constant  apparent  specific  rotatoiy  power  of  milk  sugar  in  solu- 
tion, calculated  for  the  anhydrous  substance,  according  to  Ber- 
thelot,  is  [a]j  =  5^°  3-  The  influence  of  temperature,  concen- 
tration, &c.,  on  its  rotatory  power  has  not  been  studied. 

Milk  sugar  appears  to  fumishanumber  of  metallic  derivatives 
analogous  to  those  which  may  be  fbrmed  from  cane  sugar ;  little, 
however,  is  known  of  them.  It  yields  a  precipitate  with  an  am- 
moiiiaeal  solution  of  plumbic  acetate.  It  does  not  appear  to  be 
capable  of  combining  with  sodic  chloride.  It  is  less  readily  acted 
on  by  acetic  anhydride  than  cane  sugar,  but  when  boiled  with  it, 
slowly  dissolves,  and  on  pouring  the  product  into  water  an  almost 
colourless  pasty  mass  separates,  Mhich  rapidly  becomes  hard  and 
brittle  ;  this  consists  of  the  octacetate,  Cj,-,Hj^(C  JLO^)^0,,.  On 
evaporating  the  solution,  an  apparently  crystalline  residue  of 
the  tctraeetate,  Cj2H,^(C,^Tl  ,0_,)^.0- is  obtained  (Schiitzeuberirt  r). 

Its  behaviour  when  heated  with  alkalies  is  similar  to  that  of 
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cane  sugar.    Concentrated  sulphuric  and  hydrochloric  acids  de- 
compose it,  especially  when  heated,  with  fonoation  of  brown  or 
black  products,  bat  much  less  readily  than  cane  sugar ;  it  is  con- 
Terted  by  a  mixture  of  concentrated  ijitric  and  soli^aric  acids 
into  a  nitratej  which  crystalUses  firom  alcohol  in  naordons  laniinSi 
and  detonates  when,  heated.    Its  inTenion  on  heating  with 
dilnte  solphniic  add  has  alresdy  been  described  nnder  lactose;  it 
is  to  be  remarked,  howew,  that  dilnte  acids  and  the  other  agents 
which  effect  the  inyersion  act  hr  less  rapidly  than  on  cane  sugar. 
¥rom  Dabmnfanfs  experiments  (Campt  Bend.,  xlii.  229),  it  ap- 
pears that,  as  in  the  case  of  cane  sugar,  if  the  heating  with  dilute 
sulphuric  acid  be  continued,  the  gluco^ies  first  produced  undergo 
further  change,  a  non-femientablc  sui)stance  being  formed,  Imti 
irithout  alteration  of  the  rotatory  power  taking  place.   Milk  sugar, 
like  cane  sugar,  is  not  directly  fermentable,  but  when  mixed  'vrith  • 
yeast  slowly  undergoes  inversion,  yielding  a  mixture  of  fennenta))Ie  ' 
glucoses;  liquids,  such  as  milk,  which  contain  milk  >sagsjr''to^  • 
gether  with  nitrogenous  substances  and  certain  salts,  are  especially 
liable  to  undergo  the  lactic  fermentation  nnder  the  influence  of 
bacteria  derived  from  the  atmosphere. 

Although  with  most  reagents  it  exhibits  fiur  greater  stability 
tban  caue  sugar,  milk  sugar  is  more  easily  oxidised  than  the  latter : 
thus  it  precipitates  silver  from  silver  solutions,  especially  if  ren- 
dered ammoniacal,  the  metal  *being  deposited  on  the  sides  of 
the  vessel  so  as  to  form  a  brilliant  mirror  if  the  mixture  be  care- 
fully heated.  In  presence  of  an  excess  of  alkali,  it  dissolves  cupric 
hydrate,  forming  a  deep  blue  coloured  solution,  which  deposits 
cuprous  oxide,  even  in  the  cold,  but  as  in  the  case  of  dex- 
trose, the  amount  of  enpric  hydrate  dissohcd,  and  the  pre- 
cipitation of  the  cuprous  oxide  are  dependent  011  the  amount 
of  alkali  present.  Milk  sugar,  however,  has  a  lower  cupric 
oxide  retlucing  power  than  dextrose  in  the  proportion  of  70  :  100 ; 
the  molecular  ratios  in  which  dextrose  andmilk  sugar  reduce  cupric 
Otxide  are  tlierefore  represented  by  the  proportions ^C^HyO^:  loCuO, 
and  sC^HigO]}  :  yCuO.  By  heating  its  aqueous  solution  with 
bromine  to  100^  (312*^  F.),  and  afterwards  saturating  the  liquid 
with  argentic  hydrate,  removing  the  dissolved  silver  by  sul- 
phuretted hydrogen,  &c.,  milk  sugar  is  converted  into  lactonic 
ncid,  a  crystaUine,  optically  active  (Isevorotatory),  monobasic  acid 
of  the  composition  C^H^^p^  (Barth  and  Hlasiwets,  Ann.  Chem, 
Pharm.,  exxii.  96).  On  oxidation  with  nitric  acid,  milk  sugar 
yields  mucic  and  saccharic  acids,  together  with  further  oxidatiou 
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products  of  these  latter — viz.,  racemic,  tartaric,  and  oxalic  acids. 
It  is  rapidly  oxidized  by  a  boiling  alkalioe  solution  of  potassie 
permanganate,  and  almost  completely  converted  into  carbonic 
anhydride  and  water ;  the  ^me  action  takes  place  more  slowly  at 
ordinary  temperatures,  and  also  if  the  solution  be  strongly  acid. 
When  a  neutral  solution  of  permanganate  is  employed,  a  small 
quantity  of  a  syrupy  acid  is  formed^  together  with  oxalic  and 
carbonic  acids  (Laubenheimer,  ibid,,  dm.  283). 

On  beating  milk  sugar  with  twice  its  weight  of  aniline  in  an 
open  flask,  it  slowly  dissolves,  and  altbongh  no  gas  is  eyolved,  the 
liquid  firotha  considerably ;  if  the  product  be  mixed  with  an  equal 
volume  of  alcohol  and  allowed  to  stand,  crystals  are  deposited, 
and  a  further  quantity  of  crystals  is  obtained  from  the  filtrate 
after  mixing  it  with  ether.  Sometimes  the  product  oonsista  of 
one,  sometimes  of  the  other,  or  of  a  mixture,  of  two  bodies  formed 
in  accordance  with  the  following  ec^uations : 

aC,2H„,0,i  +  CjH^N  =  CjoH^NOn  +  OH,. 
^i.H„0„  +  C,H^N  =  Ci,H^O,o  +  OH,. 

Jioth  arc  very  soluble  in  water,  but  very  ditlicultly  soluble  in 
anlivdrous  alcohol,  and  almost  insoluble  in  ether.  Dextrose  and 
mannitol  also  dissolve  readily  in  aniline  (Sachsse,  DetU,  chem. 
Ges.  Ber  ,  iv.  834). 

(i '-/)6)  Am\lon  or  Starch  Sugak  ;  Maltose:  C^jr..,0^j. — 
This  sugar  is  formed  together  with  dextrin  when  starch  paste  is 
submitted  to  the  action  of  diastase,  or  of  dilute  acids ;  its  pro- 
duction in  this  manner  was  first  demonstrated  by  O'Sullivan  in 
187a*  (Jowm,  Chm.  Soe,,  xxv,  579;  and  1876,  i.  478,  ii.  125), 
whose  observations  h:ive  been  confirmed  by  Schulze  {Deut,  chem, 
GtB,  Ber.,  vii.  1047).  preparation  of  amylon  will  be  described 
under  starch. 

It  crystallises  from  water  or  alcohol  in  hard  white  crusts, 
consisting  of  extremely  fine  needles  of  the  composition 
CisHi^Oii+OHg;  the  water  of  crystallisation  may  readily  be 
expelled  by  drying  at  100°  (213^  F.)  in  a  current  <^  dry  air,  or 


*  Dubninfaut  in  1847  (Ann.  Chim.  P/iyg,  [3!,  xxi.  178)  isolated  a  body 
laving  all  the  properties  of  amyloD  from  the  product  of  the  action  of  maJt 
cxtraet  on  itardi,  and  pcnntcd  out  that  it  was  ^Uftnnt  from  taerodezirose ;  but 
his  obMrratioitt  appear  to  have  been  long  diangarded.  On  reduoofering  this 
substance,  and  having'  determined  ita  ooniposition,Ao.,0'SnlliTan  retained  the  aaiM 
maltose,  assij^ncd  to  it  by  Dulirunfatit,  but  the  name  amylon  appears  to  l*e  more 
fiuitallo,  botii  as  ii)(licatin<j^  its  ouniiexion  with  starchy  and  tliat  it  is  a  member  of 
the  cane  suj^ar  uad  ml  ot  iht;  glucose  group. 


Digitized  by  Google 


AMTLOlf— MTCON. 


613 


more  slowly  by  licatinj?  to  iio°  (230°  F.)  in  an  air  bath.  It  is 
very  soluble  in  water,  but  difficultly  soluble  in  alcohol.  It  is 
distinguished  from  cane  and  milk  sugar  by  its  superior  optical 
activ  ity,  possessing  the  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  sii!)stance  [a]j=  + 1 50°.  Like  milk  sugar,  how- 
ever, it  is  capable  of  precipitating  cuprous  oxide  from  fehling's 
solution,  but  has  a  somewhat  lower  oupric  oxide  reducing  power- 
viz.,  65,  which  is  in  the  proportion  of  2C^^ll^0^^  :  6'5CuO. 
When  digested  with  diastase  solution  or  with  dilute  sulphuric  acid^ 
it  undergoes  inmsion,  although  very  slowly  as  compared  with  cane 
sugar ;  the  invert  sugar  is  dextrorotatory^  and  has  the  same  cupric 
oxide  reducing  power  as  that  from  cane  sugar :  its  composition 
will  he  discussed  under  starch.  An  aqueous  solution  of  amylon 
slowly  ferments  in  contact  with  beer  yeastj  the  yield  of  alcohol 
being  51 — jz  per  cent,  on  the  amylon  taken;  if  a  mixture  of 
sucrodextrose  and  amylon  be  submitted  to  fermentation,  ilie 
whole  of  the  former  disappears  before  the  latter  is  touched. 

(1567)  Mycon;  3fyrose  or  TrehaloM:  C„Hj,0„.— WiggWB  in  1833 
first  oWrved  this  cartiohydratc  in  erfjot  of  rye.  and  it  was  more  exactly  investi- 
gated by  Mitscheilich  in  1857  (Ann.  Chem.  Phnrm.,  cvi.  15),  who  t,'ave  it  the 
name  of  mycose  (from  ^ivKu^^  fungus).  Jierthelot  in  the  same  yeur  obtained  a 
SQgar  fifom  tNhala-mMiiw,  whieh  be  oalled  trehalose,  regarding  it  as  diflforent 
from  inyooae,bat  was  aflerwurde  led  to  infer  that  the  two  were  probably  identical. 
Treiiala-manna,  wbieh  is  need  a^t  an  article  of  food  in  the  Ea.^t,  is  said  to  be  the 
produce  of  the  larva?  of  a  coleopterous  insect  {Tjarinux  ni  !ijh\tns),  which  lives 
.  on  a  species  of  Echinops ;  apparently  the  larve  consume  the  sap,  but  afterwards 
eznde  the  greater  part  of  the  solid  matter  derived  from  it,  forming  with  it  the 
OMe  m  wlJoh  they  Vnt,  and  of  which  the  manna  oonaieta.  Gnibort  foond  as 
much  aa  66*5  per  oenL  of  atardi,  and  28  8  per  cent,  of  sugar  and  bitter  matter 
in  the  manna.  Recently  mycon  has  been  shown  to  exist  in  a  lai  j^e  number  of 
futi^'i  (Miintz,  Ann.  Chem.  Phys.  [5],  viii.  56),  often  in  considerable  quantity, 
and  more  frequently  together  with  mannitol ;  it  is  of  int^'rest  that  sometimes, 
as  in  tha  eaae  <^  Agarieut  n^reut,  for  example,  the  younger  fungi  contain 
only  myeon,  wharaia  older  apeeimena  the  aame  qpeoiis  contain  both 
mycon  and  mannitol.  The  more  common  fungi  ftom  wbidl  it  may  be  extracted 
with  fncility  are  Ajarini.t  JCriurfii,  .tu/fureiix,  mutntrhix,  r'>h' »'f>e/fa,  and 
Lartarius  viridi-x  ;  it  is  less  reatlily  t'xtracted  from  AtiurirUA-  J'iisij>f  s,  lateri- 
tius,  ceetareuSf  and  Lt/cojperdun  /'usi/lum,  as  they  also  contain  mannitol; 
Agarieut  eomubojjia,  tnaeulatus,  scj/j)/ioides,  altnu,  campettru  and  CantkO' 
relluM  ciharUu  contain  only  mannitoL  Ooeaaionally  a  fermentable  sugar  capable 
of  reducing  Fehling's  solution  is  also  present,  being  eapecialiy  abundant  in 
Soleius  externujt.  Miintz  was  not  able  to  det^rt  either  mycon  or  mannitol  in 
yeast  or  Mycoderma  aced,  but  obtained  mannitol  from  Feu  id  Hi  urn  <f/aucuin, 
even  when  grown  on  a  solution  of  tartaric  acid,  and  mycon  from  Mucor  mucedo 
and  (EikaiiimtepHmm, 

Mycon  maybe  prepared  from  fungi  which  do  not  contain  mannitol  by  predpi* 
tating  the  expressed  juice  with  basic  plumbic  acetate,  removing  the  excess  of 
lead  by  sulphuretted  hydrogen,  and  then  evaporating  to  a  syrnp ;  the  crystals 
which  form  are  washed  with  cold  alcohol,  and  p uritied  by  several  crjfstalU/utioDs 
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from  boiling  strong  alcoliol.  Or  the  dried  pulverized  fungus  is  extract^  with 
boiling  alcohol,  the  alcoholic  solution  evaporated,  and  the  residue  dinolved  i& 
liot  water ;  the  ajttali  whioh  lepanite  on  oooltng  may  be  purified  by  ooa  or  two 
crystallizations  from  aloohoL  In  tbis  manner  ^liintz  obtained  10  gruns  of 
crystallized  mycon  from  1 20  grams  of  dried  Agaricus  Eringit.  Mycon  crystal- 
lizes in  rthining  rhombic  octahedra  of  the  comj)08ition  ^',211^0,,+  2H.O,  which 
may  be  completely  dehydrated  by  heating  to  1 10'  (230"  F.)  j  the  crystals  melt 
if  rapidly  heated  to  loo''  (2 1 2°  F.),  bat  if  rendered  anhydrous  by  gradual  bsafc- 
ing  it  does  not  melt  even  at  180^  (356**  F.)>  and  the  aiSiydioas  subrtanoe  may 
e?enbe  heated  to  aoo^  without  nndeigoing  decomposition,  although  at  higher 
temperatoies  it  is  decomposed  und  converted  into  a  black  insoluble  matter.  It  also 
manifests  remarkable  stability  on  treatment  with  reagents.  Thus  it  may  be 
boiled  with  a  concentrated  solution  of  sodic  hydrate,  without  the  liquid  becoming 
coloared ;  it  diaeolyei  in  oonoentrated  snlphnric  aoid,  fimning  a  e^onileM  sola- 
tion»  hat  is  rapidly  earbonised  on  heating  the  liqnid  to  100^  (212**  F.);  and  it 
is  without  appreciable  action  on  Fehling's  solution. 

I^Iyconisextremdy  soluble  in  water,  andmoderately  soluble  in  boiling,  although 
almost  insoluble  in  cold  alcohol.  It  i-'  b  ss  sweet  than  cane  sugar.  Mycon  has 
a  higher  optical  activity  than  any  uiuer  sugar,  it.^  apparent  speciiic  rotatory 
power  oalodated  fjon  the  anhydroos  snbstance  bebg  s  +  220*  (Beitheloi) ; 
aooording  to  Mfintz,  the  myoon  prepared  fiom  trahala-manna  has  the  same 
rotatory  power  as  that  from  fungi — viz.,  [ajo  =  +  200° — the  observations  boini:: 
made  with  solutions  containing  5 — 6  per  c«'nt.  of  the  anhydrous  substance.  When 
it  is  heated  with  dilute  sulphuric  acid,  the  rotatory  power  of  the  solution  slowly 
diminidMS  nntil  it  beoomes  about  equal  to  that  of  sucrodextroee ;  the  nature  of 
the  invert  sugar  thus  produced  liaa  not  been  ascertained,  but  according  to 
Berthelot  it  is  ciystaUizable,  and  rapidly  fennents  in  contact  with  beer  ycaatt 
being  completely  converted  into  alcohol  and  carbonic  acid,  wlureas  myoon  is 
scarcely  altered  in  contact  with  yeast. 

(1568)  AIelezitox;  Melezitose:  C^H^O^j. — This  name  was  assigned  by 
Berthebt  in  1856  to  a  sugar  which  lie  isohited  from  the  eaocbarine  exndation 
from  the  hureh  {Pimu9  larixi  in  F^oh,  m^l^);  quite  recent^,  howover*  it 
has  also  been  ohUuned  from  a  manna  from  Lahore,  the  ^oduoe  of  the  Alkti^ 
Maut'omm,  a  spiny  shrub  of  the  leguminous  family.  This  manna  is  used  in 
Persia  as  a  purgative,  autl  even  as  a  food  material,  being  known  by  the  nauu'  of 
Turanjbin  ;  in  addition  to  meleziton  it  contains  cauo  sugar  and  a  syru^ty  matler 
capable  of  reducing  Fehling's  solution  (Yilliers,  Com^  Bend,,  Izxxiv.  35). 

Meleziton  crystsUizcs  in  very  small  brilliant  monoclinic  prisms  of  the  com- 
IHjsition  ^iJIj p,j  +  OHj,  which  effloresce  even  at  the  ordinary  t.  ii4>erature,  and 
may  be  completely  di'hydratej  by  eximsnre  over  sulphuric  acid  in  vacuo  ;  it  is 
about  as  sweet  as  sucrodtxtrotie.  It  is  extremely  soluble  in  wattr,  only  slightly 
soluble  in  boiling  ordinary  alcohol,  and  almost  insoluble  in  cold  alcohoL  The 
anhydrous  sugar  melte  a  little  above  140''  (284**  F.),  and  decompoeea  when 
heated  above  200°  (392**  F.).  It  is  not  decomposed  by  solutions  of  Uie  alkalies 
at  loo"^  (212°  F.),  and  does  not  reduce  Fehling's  solution,  but  is  carboniztxl  by 
cold  concentrated  sulphuric  acid;  like  mycon,  it  yields  oxalic  acid  free  itoax. 
mucic  acid  when  oxidised  with  nitric  acid. 

Its  apparent  specific  rotatory  power  calculated  for  the  anhydrous  sabstanoe» 
according  to  Berthelot»  is  [a||  94***i  t  aoeoiding  to  Villisrs,  [a}j  a  94**8,  and 
[o]p=:  88*'85.  On  heating  tlie  solution  with  sulphuric  acid,  the  rotatory  power 
diminishes  until  it  becomes  equal  to  that  of  sucrodextrose  ;  this  change  takes 
place  much  more  slowly  than  with  cane  sugar,  but  more  rapialy  tlian  witli  mycon. 
The  glucose  (or  glucoses)  produced  is  crystallizable,  capable  of  reducing  Fehling's 
solution^  is  decomposed  on  heating  with  an  alkali,  and  readify  ikmonts  in  contaot 
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with  bear  jeut :  melentoii  being  only  ilowlj  altered  under  the  infloence  of 

yeast. 

(1569)  EucALYPToy;  MclUose  :  Cj.,Hj.jOj,. — This  sugar  is  derived  IVoui  the 
aeecharine  exudatioa  collected  from  various  species  of  Mucal^ptm  growing  in 
Tbamaaui;  it  vm  dieeoreied  bj  Johnston  in  1843,  ^^^Z  examined  by 
Berthelot  in  1856*  {Ann.  Okmn,  Ph^s.  [3],  xln.  66). 

It  crystallizes  in  extremely  slender  interlaced  needles  of  the  composition 
C'jjTTjjOjj  +  30Hj,  havirii,'  a  sliijhtly  sweet  taste;  it  can  only  be  rendered  anhy- 
drous by  heating  to  130®  (266^  F.),  at  which  temperature,  however,  it  already 
begins  to  decompose.  Its  solubility  in  water  is  about  equal  to  that  of  mannitol, 
and  like  the  latter  it  duci>  not  form  syrupy  iu>lutions ;  a  concentrated  aqueoas 
aohition  is  not  precipitated  by  ordmary  aleohoL  Oil  c^datten  with  dilute  nitrio 
aeid  it  yields  a  aympy  anbstanoe,  which  on  further  treatment  is  oonTerted  into 
an  aoid  periiaps  identical  with  mneic  acid,  and  oxalic  acid. 

The  specific  rotatory  power,  calculated  for  the  anhydrous  substance,  is 
[ajj  ^  io2°*7  at  25°  (77°  F.)  ;  on  heating  -.vith  dilute  sulphuric  acid,  the  rota- 
tory power  is  in  a  few  minutes  reduced  to  66  5,  and  the  inversion  product  has 
the  same  cuprio  oxide  reducing  power  as  an  equal  weight  of  eucalyptose,  and  is 
biowned  by  alkalies,  whereas  enoalypton  does  not  redoes  Fehling's  solation  and 
IS  seaioely  altered  by  alkalis.  As  abeady  stated  (i562),eaoBlypton  also  under- 
goes inversion  when  placed  in  ooDtaet  with  beer  yeast,  but  only  half  the  product 
is  fermentable.  Berthelot  has  supposed  that  the  glucose  formed  together  with 
eucalyptose  on  inversion  of  eucalypt<^>n  is  ordinary  suorodextrose,  but  the  rotatory 
power  oi  the  fermentable  glucose  calculated  from  the  values  observed  for  the  inversion 
prodoet  and  ibr  eoealyptoae  viz.,  2  x  66°-5— 65*  =  68°— is  oonsiderably  higher 
than  that  of  anetodextrose;  Berthetot,  however,  expressly  states  thst  the  value  given 
fi>r  eneslyptose  was  deduced  from  a  very  imperfect  determination. 

(1570)  Saccharoru  arii/icialfj/  produced. — Gautier  has  prepared  a  body  of 
the  same  composition  as  cane  sugar  by  the  action  of  hydrochloric  acid  on  dextrose 
(Bull.  Soc.  Chim.  [2],  xxii.  145).  The  cirefully  cooled  alcoholic  solution  of  the 
^UOOse  was  saturated  with  the  gas,  then  healed,  and  evaporated  over  sulphuric 
acid  in  vacoo ;  the  resulting  syrup,  after  bdng  neutralized  with  baric  carbonate, 
was  extracted  with  94  per  cent,  alcohol,  tho  sdntion  evaporated  in  the  cold,  and 
tiie  residue  sgain  similarly  treated,  and  finally  freed  from  a  bitter  substance  by 
washing  with  ether.  The  body  thus  obtained  was  a  coiourles.-*,  extremely  hygro- 
scopic mass,  easily  soluble  in  water,  rt-.-einbling  gum  in  appearance  and  ta.-itc, 
and  which  could  only  be  rendered  anhydrous  by  heating  to  130°  (266^  Y.)  in 
a  current  of  carbonic  anhydride.  It  did  not  reduce  Fehling's  solution, 
neither  was  it  Ibrmentable;  by  beating  with  water  at  160°  (320^  F.)  it  was 
dscompoaed  m  aocordanoe  with  the  equation  C,,H^O,, +  OH,saC,H„0,,  but 
the  product,  although  o^ble  of  reducing  Fehling's  solution,  was  appa- 
rently not  deztro-glncose,  as  it  had  a  very  sweet  taste  and  was  very  difficultly 
fermentable. 

In  a  similar  manner,  by  dissolving  anhydrous  dextrose  in  cold  concentrated 
sulphuric  add,  then  adding  aloobd  and  allowing  the  mixture  to  stand,  Husenlus 
{f^UL  [a],  zviiu  66)  obtained  a  white  substance  havingthepropetties  of  dextrin,  but 
only  about  twice  aa  great  a  rotatory  power  as  dextrose. 


•  Berthelot  ha.H  termed  this  sugar  melito.-^e,  and  the  glucose  derived  from  it 
eucalyu  (1562) — names  which  obviously  fail  to  indicate  the  connexion  which 
exists  between  the  two  bodies ;  the  names  eucalypton  and  eucalyptose  indicate 
not  only  the  origin  of  the  substancea  whidt  they  designate,  but  also  the  relation 
in  which  thqr  ^and  to  each  other,  andthe  gnmp  to  which  each  belongp.. 
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III.  Cabbohtdeatbs  or  the  CoxvosmoN  (C^ H^^Oi),. 

(1571)  Staicb  ;  Amidm,  Amidon,  Amykmi^  Fteida  or  Aaf^ 
laeeaui  Matter :  (Cfi^Og)^, — The  great  physiological  importanee 
of  starch  has  natarally  led  many  chemists  to  subject  it  to  inm- 
tigation,  and  far  more  attention  has  been  devoted  to  it  than  to 
any  other  carbohydrate :  notwithstanding  this  our  knowledge  of 
,  its  behavionr  long  remained  most  imperfect  and  inexact,  owiog 
to  the  faulty  nature  of  the  methods  employed,  and  it  h  onlf 
quite  recently  that  the  key  to  the  interpn  tiitiou  of  its  nature  has 
been  discovered  bv  O'Snllivan.  His  researches  on  the  action  of 
malt  extract  at  various  temperatures  not  only  throw  much  ligbt 
on  tlic  nature  of  starch  itself,  and  enable  us  to  explain  the  dis- 
crepant observations  of  previous  investij^ators,  but  have  in  addi- 
tion the  great  merit  of  indicating  how  such  a  complex  problem 
as  that  involved  in  the  determination  of  the  nature  of  starch 
similar  carbohydrates  may  be  successfully  attacked. 

Starch  occurs  in  one  or  other  of  their  organs  in  almost  all 
plants  with  the  exception  of  some  AJgas  and  Lichens,  and  slwaji 
appears  in  an  organised  form  as  solid  grain  generally  having  a  eoi- 
centrically  stratified  structure.  These  arise  at  first  as  minnte 
masses  in  the  protoplasm,  and  continue  to  grow  while  lying  is 
it.  The  young  small  grains  appear  to  be  always  sphencdi 
but  since  their  growth  is  scarcely  ever  uniform,  their  fcw 
changes  into  ovoid,  lenticular,  roun  (Icd-polyhedral,  &c.  The? 
also  vary  greatly  in  magnitude  in  diflerent  species  of  plants, 
those  from  the  Canna  gigantea,  for  example,  which  atfords  almost 
the  largest  known,  being  on  an  average  about  '175  mm.  in 
diameter,  while  those  from  the  seeds  of  the  beetroot,  which  are 
almost  the  smallest  known,  measure  only  about  '004  mm. ;  but 
the  grains  from  the  same  species  of  plant  are  also  subject  to  con- 
siderable variation  in  size,  as  may  readily  be  seen  on  microsco- 
pical examination  of  a  section  of  potato,  for  example.  Hie  nuf> 
nified  starch  grains  of  the  Canna  are  represented  by  No.  i  of 
the  following  figures.  No.  a  representing  those  of  the  anov- 
root,  which  are  similar  in  ibrm  and  sise  to  those  of  the  potsto; 
the  grains  of  wheat  starch  are  much  smaller  (about  '05  mm.  in 
diameter),  and  more  lenticular,  while  those  of  rice  are  angular. 
The  hilum  of  the  grain  is  seen  at  a  in  the  figures. 
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The  grains  of  potato  starclj,  if  illuminated  by  polarized  light, 
with  a  NicoFs  ])risin  interposed  between  the  object  and  the  eye, 
present  a  wcll-niarkcd  black  cross,  the  centre  of  which  corre- 
sponds with  the  hiliim.  AMicii  Avheat  starch  is  subjected  to 
microscopic  examination  in  a  similar  manner,  this  cross  is  not 
perceptible ;  its  presence  may  therefore  be  of  service  as  a  means 
of  detecting  the  addition  of  potato  starch  to  wheat  flour. 

The  starch  grains  do  not  consist  of  the  pure  carbohydrate, 
but  contain  water  and  a  very  small  quantity  of  mineral  matter. 
The  water  moreover  is  differently  distributed  in  the  grain  :  most 
Qsnally  increasing  in  amount  from  without  inwards,  and  attain- 
ing a  maximum  at  a  fixed  point  in  the  interior.  With  the  in- 
crease in  the  proportion  of  water,  the  cohesion  and  density  de- 
crease, as  also  the^  index  of  refraction.  This  change  in  the 
proportion  of  water'  is  not,  however,  constant,  bnt  intermittent. 
To  the  outermost,  least  watery,  layer  succeeds  a  sharply  defined 
watery  layer,  to  this  again  a  less  watery  one,  &c.,  until  tiie  inner- 
most, less  watery,  denser  layer  surrounds  finally  a  very  watery 
part,  the  nucleus  (Sachs).  Hence  it  is  that  the  grains  exhibit  a 
stratified  structure.  All  the  layers  of  a  grain  are  disposed  around 
this  common  centre,  but  every  layer  is  not  continuously  de- 
veloped around  the  whole  nucleus  ;  in  small  spherical  graiiis  with 
few  layers,  this  is  always  the  ease,  but  when  their  number  in- 
creases with  growth,  the  number  of  layers  increases  most  in  the 
direction  of  most  vigorous  growth. 

If  starch  from  different  sources  be  boiled  for  some  time  with 
water,  a  paste  is  formed  which  on  the  addition  of  iodine  solution 
assumes  a  beautiful  indi^^o-blue  colour.  The  paste  formed  by 
merely  warming  potato  starch  with  water  sufficiently  to  cause  the 
grains  to  swell  but  not  to  burst,  is  also  at  once  coloured  in  this 
manner  by  iodine ;  but  if  wheat  starch  be  similarly  treated,  the 
paste  assumes  only  a  red  or  bluish-violet  colour  according  to  the 
amount  of  iodine  added,  and  it  is  only  after  heating  for  a  re- 
latively considerable  time  tbat  the  liquid  u  coloured  a  pure  blue 
by  iodine.    On  careful  examination  with  the  microscope  of  the 
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behaviour  of  nngelatinised  staich  when  placed  in  presence  of 
water  in  contact  with  a  crystal  of  previously  washed  iodincj  it  ii 
found  moreover  that  not  only  do  the  grains  from  different  sonroei 
assume  different  shades  of  colour^  hut  that  different  parts  of  the 
same  grain  become  cokmred  with  different  degrees  of  rapidity, 
and  even  assume  different  shades  of  colour.  Thus^  in  the  caie 
of  potato  starch,  although  the  iodine  must  pass  through  the  outer 
denser  portion  of  tlic  graius  in  order  to  reach  the  inner  h^ss  dense 
])ortious,  the  latter  beeome  colonrcd  first.  These  diti'ereuct's.  iu 
the  behaviour  of  starches  from  different  sources,  and  of  diriercnt 
parts  of  the  {j^rains,  with  iodine,  are  doubtless  due  to  the  dif- 
ferences in  density  before  alluded  to,  and  uot  to  the  existence  of 
several  distinct  substances  giving  difl'erent  colours  with  iodine. 
The  coloration  of  starch  by  iodine,  in  fact,  appears  to  depend 
not  on  the  formation  of  a  definite  chemical  compound,  but  to  be 
the  consequence  of  the  mechanical  interposition  of  the  iodine 
between  the  starch  molecules :  according  to  the  state  of  aggr^ 
tion  of  the  starchy  so  its  attraction  for  iodine  varies,  and  as  the 
result  of  this,  the  shade  of  colour  produced  also  varies^  but  if  by 
continued  boiling  with  water  the  state  of  aggregation  of  the 
various  starches  be  equalized,  they  all  afford  the  same  colour— 
via.,  blue.  That  starch  possesses  the  greatest  affinity  for  iodise 
in  that  state  of  aggregation  in  which  it  is  coloured  blue  by  iodine, 
is  showu  l}ythe  fact  that  tlie  iodine  maybe  withdrawn  by  jxjtato 
starch  from  ail  substances  which  are  coloured  violet,  red,  or 
yellow. 

In  a  similar  manner  the  starclics  from  different  plants,  and 
also  from  different  parts  of  the  grain,  are  acted  upon  and  rcudcrtd 
soluble  by  maceration  with  saliva,  malt  extract,  or  mineral 
acids,  with  very  different  degrees  of  readiness,  the  starch  which 
is  coloured  blue  by  iodine  apparently  beiog  always  reodeied 
soluble  most  readily;  thus,  for  example,  if  wheat  and  potato  stsieh 
are  together  placed  in  the  same  acid,  the  grains  of  the  fomcr 
still  exhibit  a  videt  colour  with  iodine  when  the  latter  are  merely 
cobnred*  yellow.  By  more  or  less  prolonged  digestion  with  sdiif 
the  starch  grains  may  be  almost  entirely  dissolved,  the  portion 
which  remain  exhibiting  the  form  of  the  original  grains  of  which 
they  were  the  outer  coatings,  and  apparently  consist  of  cdlalnss 
or  a  closely  allied  substance. 

Starch  is  the  first  visible  product  of  the  assimilation  of  car- 
bonic acid  by  plants,  but  there  is  no  evidence  that  it  is  the  first 
product  of  assimilation  which  results  from  the  decomposition  of 
carbonic  acid  in  the  plant ;  on  the  contrary^  there  can  be  little 
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.doubt  that  its  formation  k  preceded  by  that  of  one  or  more  rab- 
Btancetj  of  the  nature  of  which,  however,  we  are  at  present 
entirely  ignorant.  There  is  every  reason  to  believe  tliat  its 
formation  from  carbonic  add  takes  place  under  the  combined 
influence  of  the  chlorophyll  and  of  light,  for  if  the  young  leaves 
of  a  plant  be  submitted  16  microscopical  ezandnation,the  chloro- 
phyll grains  are  found  to  be  charged  with  starch,  which  gradually 
disappears  on  placing  the  plant  in  darkness ;  if  it  be  then 
again  exposed  to  light,  the  chlorophyll  grains  again  become 
charged  with  starch,  which,  as  before,  disappears  on  keeping  the 
plaut  iu  daikucss.  The  occurrence  of  starch  in  plants  destitute 
of  chlorophyll  is  only  an  apparent  exception  to  the  above  state- 
ment, as  these  are  always  parasitic  on  plants  which  contain  chlo- 
rophyll ;  its  occurrence  in  plants  in  those  parts  whicli  arc  not  only 
destitute  of  chlorophyll,  but  even  hidden  from  the  light,  such  as 
the  tubers  of  the  potato,  for  example,  is  in  a  similar  manner  due 
to  the  transference  of  the  starch  originally  formed  in  the  leaves 
to  the  parts  in-  questioQj  but  how  this  transference  takes  place^ 
t.e.,  how  the  starch  is  rendered  soluble — ^aud  in  what  form  it  is 
transported,  is  at  present  unknown  :  it  has  merely  been  ascer- 
tained that  the  sap  in  the  cellular  tissue  which  intervenes  between 
the  parts  where  the  starch  is  formed  and  those  in  which  it  is 
stored  up  for  use  at  a  future  period  of  growth  contains  a  sub- 
stance (?  a  glucose)  capable  of  reducing  Fehling's  solution. 

That  the  starch  is  fofrmed  more  or  less  directly  from  the 
carbonic  acid  absorbed  from  the  atmosphere  has  been  proved  by 
Ghxllewski  {Fiora,  1873,  p.  383),  who  found  that  no  starch  is 
produced  in  the  chlorophyll  grains,  even  in  the  light,  in  an  atmo- 
sphere devoid  of  carbonic  anhydride,  and  that  the  starch  con- 
tained in  the  chlorophyll  disappears  when  the  carbonic  anhydride 
is  removed  from  the  surrounding  atmosphere,  not  only  in  the 
dark,  but  even  in  bright  light. 

Light  of  all  degrees  of  refrangibilitj  docs  not  equally  favour 
the  formation  of  starch,  which  proceeds  vigorously  in  light  trans- 
mitted through  a  solution  of  potiissic  bichromate,  but  only  to  a 
very  limited  extent  in  light  which  has  passed  through  an  ammo- 
niacal  solution  of  cupric  sulphate  j  in  fact,  the  yellow  and  not 
the  violet  or  so-called  chemical  rays  are  most  active  in  promoting 
the  formation  of  starch.  Jiy  observing  the  amount  of  oxygen 
evolved  (which  probably  bears  a  direct  relation  to  the  amount 
of  starch  formed)  in  a  giv^  time  on  exposing  a  water  plant, 
Elodea  amadenm,  in  different  parts  of  an  intense  solar  spectrum 
33  cm.  long  to  a  portion  13  mm.  in  breadth,  Sachs  has  found  that 
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the  different  regions  of  the  spectrum  possess  the  following  meaa  i 
capacities  for  decompoaitioiL :  I 

Bed   254  . 

Orange   63*0 

Yellow  ,    .  loo'O 

Green   37*2 

Blue   221 

Indigo   13-5 

Tiolet   7*1 


The  curve  representing  these  results  coincides  nearly  with  the 
curve  of  brightness.  It  is  a  remaikable  fact  that  the  light  which 
is  most  active  in  promoting  the  evolution  of  oxyjjcn  from  car- 
bonic acid  and  M  ater  in  the  plant,  and  the  formation  of  starch,  is 
chiefly  that  which  passes  un absorbed  through  chlorophyll.* 

Lastly,  it  may  be  pointed  out  that  certain  mineral  salts, 
notably  potassium  salts,  are  essential  to  the  production  of  stsidiy 
for  not  only  are  potassium  salts  of  constant  occurrenoe  in  oigaiii 
containing  starch  and  sugar,  but  direct  experiments  have  shown 
that  starch  is  not  formed  in  the  absence  of  these  salts.  At 
present  we  have  no  conception  of  what  thebr  function  may  be;  it 
is  possible,  however,  that  they  exercise  an  influence  lirniln 
to  that  which  minute  quantities  of  many  acids  and  a  number  of 
salts  exercise  in  the  formation  of  condensation  products  snd 
polymerides  of  the  aldehydes  (q.  v.). 

Starch  is  met  with  in  great  abundance  in  all  dicotyledonow 
se(;ds,  particularly  in  those  of  legtiminous  plants,  such  as  peas 
and  ])ean8.  The  monocotyledonous  seeds  of  the  CerealUt  or  corn 
tribe  contain  it  still  more  largely;  it  is  also  abundiint  in  the 
tubers  of  the  potato^  in  the  roots  of  the  Marania  arundirniren  aud 
Jatropha  manihotf  in  the  pith  of  the  sago  palm,  and  iu  m:i!  y 
otlicr  plants.  Its  manufacture  from  one  or  other  of  these  mst€'  | 
rials  may  now  be  briefly  described. 

Potato  Starch. — The  amount  of  starch  in  potato  tuhew  digim  in  diffeiwt 
varieties,  and  is  also  subject  to  considerable  variation  in  tbe  snnie  variety,  accord* 
infj  to  the  conditions  of  cultivation  ;  on  an  avLraj^e  tbey  contain  from  20  to  27 
per  cent,  of  starch,  and  from  70  to  7  C  per  ceut.  of  water.  The  cellular  ti*?n«of 
the  tuber  does  not  exceed  2  per  cent  <^  the  maas ;  in  fact,  there  it  eonpH^ 
tively  little  Inaolable  eolid  matter  beeidee  etaroli  In  potatoee,  sad  henee  tti 
methoda  in  nee  in  different  manufactories  for  extracting  the  starch  are  in  prin- 
ciple the  same,  and  dilTcr  only  with  regard  to  the  machinery  employed.  The 
tubers  are  first  freed  as  far  as  possible  from  udherini;  earth  by  a  thorough  wash*  ^ 
ing,  and  are  then  rasped  by  machinery ;  tho  pulp  thus  obtained  is  received  upon  | 

*  For  further  information  on  tlus  subject,  and,  in  fact,  for  a  AiH  aeeovt  «f 
onr  Icnowledge  of  the  manner  in  whieh  stanh  is  formed  in  phmti»  and  ef  ito 
physiological  importance,  &c.,  tho  student  is  leftrvsd  to  Saehs's  "Test^fiookflf 
Botooy,"   London:  MacmiUan d( Co. 
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a  sieve,  and  still  further  comminuted  by  means  of  brushes,  whilst  it  is  washed 
ooDtinuouslj  by  a  geutle  stream  of  water.  The  milky  liquid  which  passea  through 
the  sieve  is  reonved  into  JtAs,  and  after  ike  msfeier  in  anspeiision  has  subsided, 
the  aopeniataut  liquid  is  drawn  oC  uid  the  depoait  anhniitfod  to  systematle  waah- 
in^  with  the  object  of  sepai  ating  the  starch,  on  the  one  band  from  tbe  heavier 
earthy  particles  from  which  it  is  impossible  completely  to  free  the  tubers  by 
washing,  and  on  the  other  from  the  lighter  particles  of  cellular  tissue.  It  is  first 
well  stirred  up  with  water,  and  after  a  short  time  the  milky  liquid  is  drawn  off 
from  the  depotiit  of  sand,  <&c. ;  tliis  milky  liquid  la  then  allowed  to  stand  from 
fimr  to  aix  houn,  during  whidi  time  the  heavier  and  larger  grains  of  stanh  sab- 
side  to  the  hottom  of  the  vessel,  while  the  lighter  psrtielss  of  eellnlar  tisane 
nizod  with  the  finer  grains  of  starch  form  a  layer  above  them*  The  water  is 
now  run  off.  the  ^ey  upper  layer  of  the  deposit  carefully  removed,  and  the 
residue  again  once  or  twice  washed  with  fresh  water  in  a  similar  manner  ;  finally, 
it  is  suspended  in  water,  the  mixture  run  through  a  fine  sieve,  and  the  starch 
having  been  allowed  to  ssttle»  the  wstcr  Is  drawn  off  ss  completely  as  possible.  It 
waa  ibnnerly  the  costom  to  remove  mnoh  of  the  water  from  the  thick  paste  thos 
obtained  by  means  of  diy  cloths  or  by  pladng  it  upon  porous  tilee;  bat  the  nse 
of  centrifugal  machines  is  now  becoming  general  for  thiit  purpose.  The  final 
drying  is  effected  in  specially  constructed  chambers,  by  the  application  of  a  mode- 
rate heat.  In  this  way  only  from  66  to  at  most  75  jM?r  cent,  of  the  starch 
present  in  the  tubers  is  extracted,  chiefly  on  account  of  tlie  impossibility  of 
cflbeling  by  meohaninal  msana  the  mpfeura  of  the  walla  of  all  the  edb  in  which 
it  if  ineloasd. 

Iflieai  Wheat  contains  from  50  to  75  per  cent,  of  its  weight  of 

starch,  and  in  addition  a  considerable  quantity  of  insoluble  nitrogenous  matters 
collectively  termed  gluten,  amounting  to  from  10  to  35  per  cent,  of  its  weight, 
the  grain  being  usually  the  richer  in  gluten  the  less  starch  it  contains.  On 
this  account  starch  is  less  readily  extracted  from  wheat  than  it  is  from  potato 
tnben.  The  oldest  method,  and  that  whieh  is  still  moat  oommonly  employed, 
is  briefly  as  follows  ^— The  grain  is  first  softened  by  steepbg  in  water  and  mtiieii 
crushed  between  rollers,  or  it  is  coarsely  ground  and  then  wetted  with  water,  after 
which  it  is  placed  with  water  in  a  large  vat,  where  it  is  allowed  to  remain  for 
several  days.  Fermentation  then  takes  place,  chielly  at  the  expense  of  tlie  su^ar 
in  the  grain  and  of  some  of  the  starch,  and  the  liquid  becomes  strongly  acid 
owing  to  the  formation  oflactio  and  aoetio  adds;  not  only  is  this  the  case,  but  the 
gbten  heoomeain  part  dissolved  by  the  aetion  of  the  add8,and  in  part  diaaggn- 
gated,  and  loses  its  tenacity  to  saoh  an  extent  that  the  starch  may  readily  he 
aeparated  from  it  by  meclianifiil  mean?,  and  purified  by  washing  in  the  manner 
already  described.  A  similar  method  is  employed  in  the  manuiaotore  of  staroh 
from  maize. 

The  starch  may  also  be  extracted  by  kneading  the  grain  on  a  sieve  with  water, 
either  after  it  has  been  ground,  or  after  steeping  it  in  water  and  then  crashing 
it  between  rollers,  the  kneading  being  continued  as  long  as  the  washings  run 
IhroQgh  milky  ;  the  milky  liquid  is  then  allowed  to  ferment  and  become  acid,  so 
as  to  dissolve  the  gluten  still  adherinfj;  to  the  starch,  the  subsequent  purification 
being  effected  in  the  usual  manner  by  wushin*:^.  The  great  advantage  of  this 
soethod  is  that  it  does  not,  like  the  previous  one,  involve  the  loss  of  the  gluten. 

JBiee  Aare4r— In  tbe  foregoing  metiiod  of  preparing  stardi  from  wheat  by 
ftnnaitation,  mnoh  of  it  is  warted,  the  whole  of  the  gluten  is  lost,  snd  the  opem- 
tioD  is  attended  witil  the  continual  evolution  of  gases  of  an  offensive  odour,  wluch 
are  a  source  of  annoyance  to  the  neighbourhood  in  whicli  the  manufactarc  is 
carried  on.  These  inconveniences  were  overcome  by  Mr.  0,  Jones,  who,  in  the 
year  1840,  took  out  a  patent  fur  the  manuiacture  of  starch  by  a  method  which 
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he  applied  partioularlj  to  rioe,  althougli  it  may  be  used  with  other  cereal  grains. 
UndriBd  rioe  eoataiot  about  83  per  wni.  of  sbvdi,  and  about  7  0  per  ont  of 
glateo.   Tbo  proeeM  of  Mr.  JoM  oonaiite  b  leporoting  fheao  two  11^^ 

means  of  a  very  weak  Bolntioii  of  alkali,  which  disiiolves  the  glaten»  but  kim 
the  rttarch  granules  unaltert'd  : — 100  lb,  of  rice  in  the  form  of  <rrain  are  maceratpd 
in  five  times  its  weirjht,  or  50  gallons  of  a  solution  containinij  ,  V,,  of  it«  weijrhl 
of  cauatic  soda  ;  after  the  lapse  of  24  hours  the  alkaline  liquid  n  drawn  off,  and 
replaced  by  water,  aud  this  having  been  drawn  off,  the  rioe  is  allowed  to  dnn. 
It  w  neit  grDond  into  a  paste  and  ptaeed  throagh  a  fine  aevo,  and « theo 
digested  in  fresh  ley  for  24  hoars  longer  with  freqoent  agitilioa.  The  whole  is 
then  allowed  to  stand  for  about  70  hours,  when  the  supernatant  liquid  in  drawn 
off.  the  deposit  stirred  up  with  wator,  the  mixture  allnwM  to  rt^st  for  an  horn, 
during  which  time  the  vej^etable  fibre  siibsidos,  and  the  milky  liquid  if*  then  mn 
off  into  a  separate  vessel,  where  the  starch  is  depubited ;  finally  the  starch  ia 
washed,  wbii.  with  a  Kttlo  smalt  to  give  it  tho  Una  tinge  prefened  ia  As 
market,  drained,  and  dried  in  the  nsnal  manner.  Tlie  liquid  whioh  ilositB  above 
the  starch  is  turbid,  has  a  yellow  colour,  and  contains  the  gloten  of  the  grain  ro 
solution.  From  thi.s  liquid  the  gluten  may  be  reoovared  bj  earefttUj  nentrslinv 
the  solution  with  sulphuric  acid. 

Other  Sources  of  Starch. — If,  during  the  preparation  of  starch,  thetsmpm- 
tare  employed  in  its  desiccation  be  raised  to  60°  (140°  F.),  a  transpinak 
jelly  ia  produced,  whioh,  when  drj,  is  no  longer  ftrinaeeooa,  hut  assnaMS  At 
form  of  semi-transparent  granules.  Soffo  is  the  staidi  pioeored  from  the  pitb  d 
the  sago  palm  by  making  it  into  a  paste  with  water,  and  pressing  the  mixture 
through  a  perforated  metallic  plate ;  the  little  cylinders  thus  obtaintMl  arc  zr^iViz- 
lated  by  placing  them  in  a  revolving  vessel,  and  the  granules  are  then  e\]>>?tJ 
upon  a  sieve  to  a  jet  of  steam,  and  subsequently  dried.  Tapioca  is  the  starch 
the  Jairopka  wumtkei,  whioh  ia  presaed  thioi^  a  oolander«  and  dried'  upoa  s 
matailio  ^te  heated  to  100^  (ai2°  F.).  It  is  thus  fiNrmed  intn  gnaalar,  seni* 
transparent  irregular  masses.  Arrowroot  is  the  staich  of  tiie  Maratiki  anoh 
dimaeeot  and  of  one  or  two  other  tn^cal  ^ants. 

The  staiches  prepared  from  different  materials  possess  tern- 
wbat  differeiit  properties,  and  one  kind  is  often  preferred  to 
another  for  a  given  purpose :  for  example,  it  is  said  tiist  lice 
starch  is  preferable  to  wheat  starch  for  finishing  cloth,  100  lb- 
of  the  former  berng  equal  to  115  lbs.  of  the  latter ;  and  tlat 
maize  starch  has  a  greater  stiffening  power  than  either  wheat  or 
potato  starch,  wheat  starch  being  superior  to  potato  starrh. 

Pure  starch  is  a  white,  glistening,  perfectly  odourless,  tasteless 
powder.  In  the  form  in  which  it  is  usually  sold,  it  contaiDs 
about  18  per  cent,  of  water,  corresponding  to  the  formula 
Cgll^^^Og  +  aOH^,  but  after  drying  over  sulphuric  acid  in  vacuo,  it 
has  the  composition  C^Hj^Oj  +  OHj.  It  may  be  rendered  auhv- 
drous  by  heating  to  100**— I  lo**  (aia** — 230°  F.)  in  a  cunentof 
dry  air;  the  anhydrous  substance  is  extremely  hygroscopic. 
According  to  Fliickiger,  the  sp.  gr.  of  potato  starch  dried  at 
ioo*»  (2ia**  F.)  is  1-633  a*  if—i^^  (6a**-6-64%  R),  but  tM 
of  arrowroot  starch  only  1*568. 

Anhydrous  staich  may  be  heated  to  160^  (320^  P.)  wiAoat 
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nndergoin^  chaugc,  but  if  heated  for  an  hour  or  two  at  about 
200^  (392^  F.)  it  becomes  completely  soluble  in  cold  water. 

Commercial  starchy  on  the  contrary,  is  rendered  completely  solu- 
ble by  heating  to  only  160°  (320°  F.)  in  closed  vessels.  The  precise 
nahirc  of  the  change  which  takes  place  is  not  known,  but  the 
product  contains  dextrin  and  sugar  (?  amylon),  besides  certain 
optically  inactive  substances  which  are  without  action  on  Fehling's 
solution.  This  soluble  torrcfJrd  starch  is  known  under  the  name 
of  British  gwn,  and  is  largely  employed  by  calico  printers  for 
mixing  with  their  colours  in  order  to  give  them  the  requisite  con- 
sistence. When  starch  is  submitted  to  dry  distillation,  it  yields 
carbonic  anhydride  and  gaseous  hydrocarbons,  together  with  acetic 
acid  and  other  products. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether,  and  does 
not  undergo  the  leaat  alteration  when  preserved  in  contact  with 
water  at  ordinary  temperatures ;  but  if  heated  with  water  to  a 
temperature  whidi  is  sdd  to  vary  from  45" — 90°  (113^ — 194^  F.) 
for  different  varieties  (comp.  Lippmann,  J(Mim.pr.  Chen^,,  czxx.  51), 
the  grains  absorb  water  and  swell  up,  and  finally  the  mixture 
assumes  a  visoous,  pasty  condition. 

If  this  Jlordl  poMU  or  gtiUUSmtti  sisnih  be  largely  dilntsd  with  hot  water, 
•D  apparrat  aolntion  of  atardi  is  obtained,  from  whieh  nothing  separatee  on 

cooling ;  it  is  generally  considered,  however,  that  the  starch  is  not  actually  dis- 
solved, but  miTcly  suspendod  in  the  liquid.    The  starch  may  he  precipitated 
from  the  liciuid  by  the  addition  of  alcohol,  but,  according  to  Payen  and  Persoz, 
the  ibrm  in  wliicli  it  separates  depends  en  the  length  of  time  during  which  the 
atansb  is  heated  with  water,  the  tloeeali  heing  siwdkr  and  kis  eoherent,  the 
longer  the  heating  i*  eontinaed.   Ks^K  has  ohsenred  that  thia  is  also  the  earn 
when  the  starch  is  s*  p;irated  by  freezing  the  liquid,  and  then  allowinir  it  to 
thaw  ;  thus,  if  starch  be  merely  triturated  with  hot  water,  and  the  tiltored  liquid 
be  then  frozen,  the  starch  separates  in  lonf:^,  coherent  tlireads,  but  if  the  liipiid 
be  boiled  for  a  shorter  or  longer  period  before  freezing,  it  is  obbiined  in  the  form 
of  diort  threads,  irregularly-shaped  flat  ntasaes  or  hall^,  being  the  mote  finely 
divided,  the  longer  tihe  heating  ia  eontinaed.   Stardi  thna  aepavated  fiom  water 
is  coloured  blue  by  iodine,  and  is  without  action  on  polarized  light ;  it  is*  said 
that  after  drying,  it  may  be  redueed  to  an  extremely  fine  white  powder,  which 
does  not  form  a  gelatinous  muss  like  the  original  starch  on  treatment  with  hot 
water.    According  to  Bechamp,  if  starch  he  heated  under  prestiure  at  about 
150"  (302''  F.)  with  5  to  15  timea  its  weight  of  water,  a  limpid  aolntimi  la  ob* 
tahied  whidi  may  be  readily  filtered,  and  whieh  aa  it  eoola  depoaits  minate  aphe- 
rical  granules  no  larger  than  the  smallest  stareh  grains  which  occur  naturally. 
These  granules  are  tinged  blue  by  iodine :  they  are  sparingly  soluble  in  cold  water, 
but  dissolve  readily  when  the  lem{)erat»»re  is  raised  to  70°  (158**  F.)  or  upwards, 
and  hence  this  product  is  termed  soluble  starch.    The  aqueous  solution  is 
dextrorotatory,  it8  apparent  np.  rot.  power  heing  [a]|>=2ll°;  it  yielda  a  pre* 
CQMtate  00  the  addition  of  aleduil. 

Although  there  can  thus  be  little  doubt  that  starch  undergoes  alteration  when 
heated  with  water,  the  nature  of  the  alteration,  and  the  relation  which  the 
ao-caUed  soluble  starch  bears  to  ordiiuuy  starch  baa  yet  to  be  ascertained. 
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Soluble  starch  is  also  the  first  product  of  the  action  of  acids  and  malt  extract  ou 
starch.  Apparently  it  has  tiie  same  empirical  compositiuu  as  ordinary  staich, 
but  there  is  not  sufficient  evidence  to  shoir  whether  it  is  a  distinct  oompoaod,  n 
^ipean  pvobable,  or  merely  a  sabetanoe  differing  mechanically  from  tbe  hiker. 
Whatever  its  nature  may  l»o  however,  it  appears  not  improbable  that  ettnh 
occurs  naturally  io  an  iuHohible  substance,  and  that  the  reactions  manifested  \ij 
a  "  soluUon"  of  etaroh  are  mainly  thoee  of  soluble  starch. 

The  tendency  of  starcli  to  furnish  metallic  derivatives  is  &r 
less  pronounced  than  that  of  any  of  the  carbohydrates  previously 
considered.  Ammonia  docs  not  cause  starch  to  gelatinize,  but  if  it 
be  placed  in  contact  with  a  i  ^  or  2  per  cent,  solution  of  potassic 
or  sodic  hydrate,  the  j^ramilcs  swell  up  enormously,  and  form  a 
tenacious  paste;  the  tendency  to  absorb  alkaline  li(]uids  appears 
to  be  greatly  increased  by  drying,  for  if  starcli  dried  in  vacuo  be 
placed  even  in  a  1  per  cent,  solution  of  the  alkali,  tlic  granules 
become  so  distended  that  they  burst.  By  precipitating  the  paste 
formed  by  the  action  of  alkalies  with  alcohol  and  ether,  then 
washing  with  these  liquids  and  drying  in  yacao>  a  proiluct  is 
obtained  which,  according  to  ToUens^  contains  for  each  atomic 
proportion  of  potassiom  or  lodinm  from  24  to  30  atomic  pR>po^ 
tions  of  carbon. 

A  solution  of  staich  yields  precipitates  on  the  addition  of 
lime  and  baryta  water,  which  are  soluble  in  a  large  quantity  of 
water;  it  also  affords  a  white  precipitate  on  the  addition  of  an 
ammoniacal  solution  of  plumbic  acetate,  which  approximately  his 
the  composition  CjgHjgPb^Oii.  Tannin  also  affords  a  white 
precipitate  with  starch,  which  dissolves  on  warming  the  liquid, 
hut  reappears  as  it  cools. 

A  solution  of  starch  in  alkali  yields  a  blue  precipitate  on  the 
addition  of  cnpric  sul])hatc,  which  is  soluble  iu  pure  water  and 
may  be  heated  without  becoming  black. 

According  to  Scliiitzenbcrger,  different  varieties  of  starch  are 
acted  uj)on  with  different  degrees  of  readiness  by  acetic  auhv- 
dride,  and  the  presence  of  more  or  less  water  in  the  starch  also 
has  an  influence  on  the  temperature  at  which  the  action  takes 
place.  If  a  mixture  of  anhydrous  starch  with  10-15  P^'^  cent,  of 
the  hydrate  be  heated  at  140^  (284°  F.)  with  acetic  anhydride,  the 
Htarch  swells  up  without  dissolving,  or  is  only  partially  dissolved. 
The  product,  after  washing  with  water,  is  a  white  amorphous  body, 
and  is  not  coloured  blue  by  iodine  ;  on  saponification  by  alkali  it 
yields  a  substance  whieh^  like  the  original  starch,  is  insoluble  and 
coloured  blue  by  iodine.  When  dried  at  120°  ^')f 
the  composition  of  a  triacetate,  Cfi>^CJS.fi^fi^.  A  body  of  the 
same  composition  is  obtained  by  heating  anhydrous  staich  with 
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acetic  anhydride  to  about  150°  (302°  F.)  ;  under  these  ciroum- 
stauees  the  starch  is  dissolved,  tbnuinj^  an  amber-coloured  liquid, 
fiom  which  water  precipitates  the  new  compouud  as  a  white 
amorphous  substance,  which  is  readily  sa})ouified  by  dilute  alka- 
lies at  100°  (212°  F.)>  yielding  soluble  starch.  At  still  higher 
temperatures  a  triaootiite  is  formed  which  yields  dextriu  on 
saponification;  in  fact^  however  great  the  excess  of  anhydride 
employed^  and  however  high  the  temperature  to  which  the  mix- 
ture is  heated^  the  triacetate  is  the  highest  derivative  which  can 
be  formed. 

Starch  dissolves  readily  in  cold  concentrated  nitric  acidj  and 
on  adding  water  to  the  solution^  a  white  precipitate  of  so-called 
xykaUSn  is  obtained,  which  apparently  is  a  mono-nitrate  of  the 
formnla  CgH0(NO3)O^ ;  if  a  mixture  of  concentrated  nitric  and 
snlphuric  acids  be  employed,  an  explosive  dinitratc,  CgHy(NO,)20^, 
is  produced.  It  is  questionable  whether  the  bodies  thus  obtained 
are  directly  derived  from  starch  ;  Hecliamj)  states  that  they  differ 
considerably  in  properties  according  to  the  manner  in  ■w  hich  they 
are  prepared,  and  as  starch  is  known  to  undergo  modification 
with  great  readiness  under  the  iuHuence  of  acids,  this  is  by  no 
means  surprising.  By  reducing  the  mono-nitrate  with  ferrous 
chloride  he  obtained  soluble  starch. 

When  starch  is  triturated  with  cold  concentrated  sulphuric 
acid,  a  more  or  less  coloured  liquid  mass  is  obtained,  which  readily 
dissolves  in  water. 

Little  is  known  of  the  oxidation  products  of  starch.  AVhen 
it  is  heated  with  nitric  acid,  an  abundance  of  oxalic  acid  is  pro- 
dnoed,  and  this  add  is  also  formed  on  fusing  it  with  potassic 
hydrate  and  a  little  water ;  it  is  said  that  in  the  latter  case  acetic 
and  propionic  adds  are  simultaneously  produced.  By  heating  it 
with  water  and  brondne  at  100^  (aia^  F.)j  and  subsequently  neu- 
tralising the  solution  with  argentic  hydrate,  it  is  converted 
into  dextronic  add,  C^II^^O^  (Habermann,  Ann,  Ckem,  Pharm,, 
clzxii.  11). 

It  now  remains  to  consider  the  behaviour  of  starch  in  pre- 
sence of  dilute  acids,  and  of  the  "  unorganized  ferments'*  of  malt 
extract,  saliva,  &c.,  all  of  which  apparently  exert  a  similar  in- 
fluence, dillcriug  only  iu  the  readiness  with  which  they- induce  its 
decomposition. 

When  starch  paste  heated  to  a  temperature  of  about  60" — 7o''(i40° — i^ST.) 
is  mked  with  a  cold  extract  of  niftlt,  tfao  atareh  v^idlj  becomes  dissolved  and  a 
Bmpid  liquid  la  obtuned ;  if  «  smsll  portion  of  the  Uqnid  be  taken  at  btenrab, 
cooled,  filtered,  and  tested  with  iodine,  it  will  be  found  that  at  first  it  in  oolouied 
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bltw,  Imft  after  a  tine  TeJdmli-bfoiini,  and  finaUy  thkl  it  eeasee  iD  yield  a  eolonr. 
The  changee  indicated  by  these  differences  in  tlie  behaviour  of  the  solution  with 
iodine  take  place  aomewhat  rapidly  if  sufficient  malt  extract  be  employed; 
they  are  equally  observed  if  the  starch  paste  be  warmed  with  a  small  quantity  of 
Hulpburic  acid,  and  even  oxalic  acid  may  be  employed  to  produce  them,  although 
it  acts  mncK  man  alowly.  We  are  not,  however,  at  proMoft  aware  of  llie  niton 
(tf  all  the  changes  wliieh  are  tbue  indicated,  the  final  stage  alone  having  hen 
thoroughly  in veeti seated,  but  we  attribute  the  solution  of  the  starch  under  the 
influence  of  the  mnlt  rxinict,  or  of  the  acid,  to  the  formation  of  soluble  siarrh— 
a  b{>dy  of  which,  as  already  stated,  the  relation  to  starch  is  not  yet  ascertained; 
at  the  time  when  the  solution  \»  coloured  reddish-brown  by  iodine,  it  contains  a 
eah«tanee  whidi  haa  reeeived  the  name  of  o-ifespfrm,  hot  of  tide  we  know  acarcelj 
more  than  of  nolnble  etarah.  Wh«)  the  eolation  is  no  longer  ei^oared  by  io(lin^ 
it  oontaitiK  a  body  capable  of  reducing  Fehlinp's  solution,  tocfether  with  a  sab- 
ftance  not  havin<^  that  power,  tlip  latter  nf  which  is  known  as  fi-dextrin  or  dextrin, 
but  which  in  the  following  description  will  l>o  termed  amylin.  these  two  siilifitancat 
being  present  in  proportions  which  vary,  as  will  be  shown  biter  on,  according  to 
the  temperature  at  which  the  action  of  tiie  malt  extract  haa  taken  place.  The 
anhetanoe  capable  of  redndng  Fdilmg'a  aohition  has  been  almoat  uuvaHOy 
regarded  aa  dextroee,  notwithstanding  that  Dubrunfaut  pointed  out  that  its  pro* 
perties  were  altogether  different  from  those  of  sucrodeitrose,  but  as  else- 
where stated.  O'SuHivan  has  recently  shown  that  it  is  a  body  isomeric  with 
canc-su^'ar.  The  manner  in  whieh  he  has  proved  this,  and  in  which  amylon— 
the  sugar  in  question  (foot>note,  p.  6 1 2) — ^and  amylin  are  isolated  from  the  product 
of  the  action  of  malt  extract  on  starch  fiaste  may  now  be  briefly  deaeribejL 

Ann/Ion  (MaUose). — The  method  employed  by  O'Sullivaa  for  separating 
amylon  from  the  product  of  the  action  of  malt  extract  on  starch  was  aa  follows : — 
loo  grams  of  air-dried  starch  were  mixed  with  300  cc.  water  at  40**  (104"  F  ). 
the  mixture  well  stirred,  and  then  poured  with  contioual  stirring  into  two  litrts 
of  boiling  water.  The  paste  was  cooled  to  40°  (104°  F.),  the  cold  extract  frun 
thirty  grams  of  pale  maJt  added  to  it,  and  the  mixtore  kept  between  40*  and  4^" 
(104"  and  1 13°  F.)  for  three  honrs.  It  was  then  boiled  for  some  time,  ooolcd, 
filtered,  and  the  filtrate  evaporated  at  80°  (176°  F.)  to  300  cc.  The  apparent 
specific  rotatory  power  of  the  total  solid  matter  in  solution  calculated  from  thf 
»p.  gr.  was  the  same  after  evaporation  as  before  boiling  :  hence  these  o{)eratior.j 
had  produced  no  change  iu  the  substances  present.  The  300  cc.  of  syrup  was 
boiled  for  a  short  time  with  two  litres  of  alcohol  of  sp.  gr.  '820 ;  after  cooling,  the 
clear  soluMon  was  decanted  from  the  undissolved  syrop,  and  pat  aside  in  a  corked 
flask.  At  the  end  of  six  days  the  sides  of  the  flask  were  covered  with  a  crvstal- 
line  crust  of  amylon.  The  substance  thus  obtained,  after  drying  at  100°  (212"  F.^, 
had  an  apparent  specific  rotatory  power  [a]j  =  i$o^,  ai  d  loo  pts.  reduced  only 
as  nuu  h  Fehling's  aolntion  as  65  parts  of  sucroduxtrose. 

Schnlxe  and  tJhrich  '(Deut.  ciem,  Om*  Ber*,  vn.  1047),  instead  of  em|^y> 
ing  malt  extract,  used  the  diastase  obtained  by  predpitating  an  aqneons  estrMt 
of  malt  by  alcohol,  allowing  it  to  act  on  starch  paste  at  a  temperature  of  about 
60°  ( 1 40°  F.).    Tlie  resulting  solution  wa-;  evaporated  to  a  small  bulk,  and  the 
residue  mixtd  with  alcohol;  the  clear  liquid  was  then  poured  off  from  the  solid 
matter  thus  separated,  and  evaporated  to  a  syrup,  which  was  boiled  with  strong 
aloohoL    On  cooling,  the  dear  solution  was  decanted  6rom  the  nndianrfvcd 
matter,  and  concentrated  by  evaporation  over  sulphuric  and;  as  a  role,  the 
amylon  was  found  to  seiMurate  from  tills  eolation  in  the  form  of  a  symp,  which 
cryfctalli/.e<l  nc^er  some  time.     It  was  purified  by  reoryst  dli/ation  from  water. 
The  valni's  obtaiTied  by  Schulze  and  I'liricli  for  the  iii  jjarent  sp.  rot,  pt>wer  aud 
oupric  oxide  reducing  power  of  the  anliydious  substance — viz.,  for  the  Ibrmcr 
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[o]|S  I49°*5»  ^  Utter  66 — 67,  agree  very  cloeel/  with  those  of 

O'SalliTan. 

(ySolUvaii  appean  to  have  placed  it  bojood  doabt  that  the  nubAtanoe  thus  pre> 
pned  w  a  defimte  oompoond,  and  not  a  miitove  of  a  body  having  thesaine  ooprio 
oxide  redaoing  power  an  Buerodestroee  with  a  non-reducing  substanoos  for  he  has 

found  that  not  only  can  it  be  prepared  time  after  time  with  the  same  properties, 
but  also  that  the  crystals  which  separate  at  intervals  from  an  alcoholic  solution 
allowed  to  evaporate  spontaneously  have  always  the  same  apparent  specific  rota- 
tory power  and  cupric  oxide  redaoing  power,  and  that  they  may  be  reorystallized 
from  water  witbont  ohange ;  he  has  sbo  shown  that  if  the  prodnot  of  tiie  action 
of  malt  extract  on  iitaroh  be  snbmitt^Ml  to  dialysis,  whatever  its  apparent  sp.  rot. 
power,  that  of  the  solid  matter  in  the  diffusate  is  always  [a]|=  or  there- 
aboute  (comp,  Joum.  Chem.  Sor.,  1876,  i.  479). 

Amjflin  (j^-dejctrin  or  dextrin). — The  separation  of  this  body  in  the  pure 
state  is  much  less  readily  effected  thau  that  of  amylon,  owing  to  the  great  ditii- 
enUj  of  remoTing  tiie  hitter  fipom  it }  in  fiust,  it  has  not  yet  been  obtuned 
perftotly  free  from  the  latter.  It  may  be  prepsred  by  the  action  either  of  malt 
sxtiaet  or  of  acids,  preferably  sulphuric  acid,  on  gelatinized  starch.  If  the 
former  be  employed,  the  paste,  prepared  as  described  above,  from  100  grams 
potato  starch — which  is  more  readily  acted  upon  than  most  varieties — cooUd  to 
about  70*^  (158°  F.),  is  mixed  with  the  cold  extract  from  twenty  grams  of  pale 
malt.  Deeomposition  of  the  staroh  rapidly  takes  plaoe,  and  after  a  «short  toe 
it  is  found  that  a  portion  of  the  solution  filtered  cold  is  no  longer  oolonred  by 
iodine.  When  this  is  the  case,  the  liquid  is  boiled  for  a  short  time  to  render  the 
diastase  inactive,  then  allowed  to  cool,  and  filtered  from  some  inRoluble  matter 
which  almost  invariably  retains  the  property  of  bein<;  coloured  blue  by  iodine. 
The  filtrate  ia  evaporated  on  the  water  bath  to  300  cc,  and  the  residue  mixed 
with  alcohol  of  sp.  gr.  abont  '830 ;  this  canses  the  separaUon  of  the  amylin 
(dextrin)  as  an  almost  white  wsxy  mass.  In  order  to  purify  it,  it  is  dissolred 
in  the  leant  posnUe  quantify  of  water,  and  reprecipitated  with  alcohol ;  these 
operations  being  several  times  repeated.  In  order  to  prepare  amylin  by  the 
action  of  sulphuric  acid,  the  paste  from  100  grams  starch  is  heated  with  10  cc. 
ordinary  sulphuric  acid  until  the  solution,  Ultered  cold,  \a  uu  longer  coloured  by 
iodine;  the  aeld  is  then  removed  by  the  carsfnl  addition  of  bono  hydrate  solu- 
tion, the  ftltiate  concsntnted  to  300  co.,  and  tho  symp  pneipitBted  with 
aloobol. 

The  product  thus  obtained,  even  after  it  lias  boon  as  often  as  30  timee 
alternately  dissolved  in  water  and  precipitated  with  alcohol,  still  retains  the 
power  of  reducing  Fehling's  solution,  100  pts.  of  the  dry  subvtance  having  the 
MUM  eoprie  oxide  redncing  power  as  8*5  to  9  pta.  of  dextrose. 

The  fact  that  the  snbstaiMOS  obtained,  a,  by  tiie  notion  of  malt  extract;  h,  by 
the  action  of  sulphnrio  aoidi  and  c,  by  the  action  of  osalis  aoid,  exhibit  the  aane 
Mqpric  oxide  reducing  power,  and  have  the  same  apparent  sp.  rot  power,  viz., 
[^a3j  =  204° — 205°  (O  SuUivan),  would  seem  to  indicate  that  the  composition  of 

substance  prepared  by  the  three  methods  is  the  same,  but  alao  to  suggest 
that  the  amylin  has  the  property  of  rednoing  Fehling's  solntlon.  That  pore 
amj^n  has  not  this  properfy,  howovsr,  there  can  be  little  doubt,  as  the  enprio 
oxide  reducing  power  may  be  greatly  diminished  if  the  precipitate  produced  by 
alcohol  in  the  syrup  obtained  as  described  above  from  the  product  of  the  action 
either  of  malt  extract  or  of  acids  on  starch  paste  be  submitted  to  fermentation. 
For  this  purpose  it  is  dissolved  in  water,  the  solution  boiled  to  drive  od'  the 
aloohol,  cooled  to  (68*  F.),  and  an  amount  of  yeast  added  to  it  equal  to 
•boot  a  per  osat  of  tho  mattsr  in  solvtioa.  When  fimsentation  is  oomplite  and 
iho  Uqnid  haa  beoomo  dear,  it  ia  filtered  and  precipitated  with  akoliQl }  the 
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precipiiAteit  tiien  dlnolved  in  a  amaU  qiuu»t%  of  water,  the  solution  filtered  if 
neoeaaaiy,  and  rvpraeipitated,  thia  prooeaa  being  fefieated  three  or  fbar  tinct. 
The  supernatant  liquid  of  the  last  precipitation  having  been  decanted,  the  pre* 
cipitiite  is  covered  with  strong  alcohol,  which  causes  it  gradually  to  break  up  into  a 
whitt',  apparently  seuii-crystalline,  powder;  this  is  washed  two  or  three  time*  with 
alcohol,  thruwD  on  a  filter,  rapidly  pressed  between  folds  of  bibulous  paper,  and 
iiien  fdiaoed  over  snlphnric  acid.  U  thk  preeantaon  be  not  quickly  taken  moi«tan 
is  absorbed,  and  the  powder  ag«n  beoomes  soft  and  waxy.  The  redpdi^  povw 
I'xoried  by  the  snbetance  dried  at  100°  (212"  F.)  in  a  current  of  dry  airiirlNB 
boiled  for  twenty  minutes  with  Fehliug's  solution,  and  also  its  apparent  sp.  rot 
power,  were  determined  by  O'SuUivan  for  eiifht  distinct  preparations  made  in 
the  following  way: — e,  /,  and  ff,  by  the  action  of  diasUuse  on  sUurch  paste, 
stopping  the  transformation  by  boiling  when  the  colour  with  iodine  was  no 
longer  bine  bat  reddish-brown ;  k  and  i,  from  a  aimilar  prodoct,  stopping  the 
reaction  when  iodine  gave  no  oobur;  J,  by  the  action  of  sulphuric  acid,  tl:e  aeid 
being  separatid  when  iodine  ceased  to  give  a  blue  colour,  but  reddish-brown: 
also  by  the  action  of  sulphuric  acid,  the  acid  being  separated  when  iodine 
><ave  no  coloration;  and  /  by  the  action  of  oxalic  acid,  continued  until  iodine 
gave  a  redduh-brown  colour.    The  following  values  were  obtained : 
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From  these  determinations  there  can  he  no  doubt  that  the  ei^ht  preparations 
are  one  and  the  same  body.  It  is  perhaps  open  to  questioa  wiieiher  the  siigiii 
amount  of  i-ednction  eKerted  by  the  anb^anee  thni  obtdaed  ia  ^tiier  in  paitw 
entirely  due  to  araylon  atill  retained  by  it,  but  auppoaing  the  latter  to  be 

case,  and  taking  the  average  of  the  eight  determinations,  it  would  appear  ihii 
abtiut  2  per  (v-nt.  ofamylon  is  present;  and  even  if  the  reduction  be  not  doe  ta 
amylon,  there  can  bo  little  doubt  that  amj^lin  itself  hat«  not  tlie  ]>ower  of  preci- 
pitating cuprous  oxide  from  Fehling'a  solution,  and  that  it  is  only  very  slovlj 
oonvertod  into  anbateiioea  whieb  an  oq^Ue  of  thus  reducing  the  eolation  wImb 
boiled  with  it 

Amylin  thus  prepared  is  a  brittle  white  powder,  which  exhibits  no  indicatioa 
<>f  crystalHiio  structure  under  the  fnicroscope.  When  simply  dried  over  sulphimc 
»ifid  it  retains  9*5  to  10  per  cent,  ol"  water,  corres{>onding  to  the  loniiula 
C'^Hj^O^  f  OHj ;  it  is  rendered  anhydrous  by  heating  at  100°  (212"^  F.)  in  a 
current  of  dry  air,  but  the  operation  takaa  at  least  ei^t  hours.  It  is  very 
easily  soluble  in  water,  the  solution  of  the  anbydroua  eubetaace  being  attaidsd 
with  rise  of  temperature ;  it  is  not  perceptibly  soluble  in  cold  aloohol  of  spu  gr. 
'82.  The  aqueous  solution  containing  10  grams  dry  substance  in  loocc.  at 
'55  ('''^°  ^'  )  this  teinp«'rature  the  sp.  gr.  1*03845.     It.s  apparent 

sp.  rot.  power  may  be  taken  to  be  [dj^  =21 3'''5.  Amylin,  like  starch,  bf iongs 
to  the  class^of  colloid  bodies,  and  does  not  diffuse  through  organised  membranes. 

It  will  be  observed  that  to  produce  the  preparatuma         J,  and  /,  tie 
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notion  of  the  diat^u^e  or  acid  was  stopped  when  the  colour  with  iodine  was  no 
longer  bloe,  bat  rvdditih-brown,  and  tLey  theieforo  at  lewt  purtiallj  consisted  of 
the  snbsUutee  previously  rerenred  to  as  a-deitrin;  on  the  other  hand,  the  action 
was  Qontinoed  until  the  solution  was  no  longer  coloured  by  iodine  in  the  cai»e  of 
preparations  h  and  k\  which  therefore  consisted  only  of  so-called  ;3-dextrin. 
Bnt  all  the  preparations  ]i;\ve  practic  ill)' the  same  rotatory  pawer,  and  as  accord- 
ing to  IJt'chanip  the  so-called  8oluble  starch,  which  is  coloured  blue  by  iodine^ 
has  the  apparent  upecific  rotatory  power  {a\  -211'',  it  may  be  concluded  that 
the  three  bodies  are  alike  m  their  aetbn  on  poUrised  light ;  they  are  also  alike 
in  oompoeition,*  so  that  iqiart  from  the  fiiot  that  aolnble  starch  dissolves  in 
water  only  on  wanning,  whereas  the  drxti  ins  are  readily  dissolved  in  the  cold, 
they  are  only  to  be  distnii^nished  by  ilieir  behaviour  with  iodine. 

Auiylin  is  slowly  cunvtrtod  into  ainylou  when  digested  with  malt  extract, 
nnd  consequently  the  rotatory  power  of  the  solution  diminishes,  whilst  its  cupric 
oxide-reducing  power  increases  %  adds  produce  a  similar  effect  Amylon  tt«df 
also  nndcrgoes  change  when  sabroitted  to  the  prolonged  action  of  diastase,  or  of 
anlphnric  arid,  bat  the-  change  takes  place  with  extreme  nlownes-s,  especially  if 
d'uLst<ise  be  the  a<^ent ;  the  nature  of  the  glucose^  or  glucoses,  into  which  amylon 
i»  thus  converted  will  lie  discussed  later  on. 

We  have  uow  to  ciMisitier  tlie  action  ul'  malt  extract  on  starch  paste  at  dif- 
ferent temperatures,  for  O'SuUivan  has  established  the  -remarkable  fact  that 
although,  if  the  action  be  stoppsd  when  the  solution  Is  no  longer  colonred  by 
iodine,  the  product  is  always  a  mixture  of  amylon  (maltose)  and  amyUn  (dextrin), 
the  proportionn;  in  which  the  two  bodies  are  obtained  varies  with  the  temperature 
(Jbwrn.  Clum.  Soc,  1876,  ii.  125). 

There  can  be  no  doubt  that  amylon  and  amylin  are  the  only  products  of  the 
trmjsfonnatiou  of  starch  under  the  influence  of  malt  extract,  if  the  action  be 
stopped  when  iodine  no  longer  colours  the  solution ;  for  if  the  araoant  of  solid 
matter  present  be  determined  (foot  note,  p.  597),  and  its  composition  be  calcu- 
lated on  this  sopposition,  the  amount  of  amylon  it  contuns  bein>;  deduced  from 
its  cupric  oxide-reducing  power,t  and  the  araoant  of  amylin  by  deducting  the 
amount  of  amylon  thus  f  iuiiJ,  and  the  rotatory  power  of  the  mixture  be  then 
calculated,  the  sp.  rot.  pow»'rs  of  the  two  bodies  being  taken  as  ^a]j  --  150°  and 
213*5°  respectively,^  the  value  thus  obtained  closely  agrees  with  that  directly 


*  O'SuUivan  found  44*16  per  cent,  carbon  and  6*44  per  cent,  hydrogen  in 

m  sample  of  a-dextrin,  and  44' -3  1>ct  cent,  carbon  and  6*36  per  cent,  hydrogen 
in  a  sample  of  3-dextrin,  the  theoretical  numbers  being  44*44  and  6' 17.  The 
slight  excess  of  hydrogen  and  deficiency  of  carbon  exhibited  by  these  analyses 
is  doubtless  due  to  the  presence  of  at  least  2  per  cent,  of  amylon  in  the  substances 
analysed. 

t  Since  100  parts  amylon  have  the  same  reducing  power  as  65  parts  d«itrose, 
the  amount  of  amylon  is  calculated  by  dividing  the  number  which  expresses  the 

oqpric  oxide-reducing  power  by  '65. 

J  From  the  detinition  of  sp.  rot.  power  given  on  p.  572,  it  will  be  evident 
that  the  amount  of  rotation  produced  by  1  gram  of  active  substance  in  lOO  oc. 
of  solution  will  be  -x^tb  of  the  apparent  sp.  rot.  power  of  the  substance  in  a 
■olntioB  of  the  concentration  employed ;  therefore,  in  order  to  calculate  the  rota- 
tory power  of  a  miztore  of  amylon  and  amylin,  the  number  of  grams  of  each  in 
10  grams  of  mixture  roust  be  multiplied  by  15°  and  21^*35  respectively,  and 
the  two  products  added  together.  Thus,  to  find  the  apparent  sp.  rot.  power  of 
a  mixture  containing  677  grams  amylon  and  3*23  grams  auaylin,  we  have 
^677  X  is'')   (3  23  X  2i°'35)  =  ijo^'S- 
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observed.    The  »ame  is  txue  of  the  residue  obtained  on  extracting  the  enile 

pi^Qot  of  the  aetion  of  diaatute  on  atarch  paste  with  aloohoL  The  Iblknrisg 
an  examplea  of  lesolta  obtained  in  thia  manner  by  O'Sollivan: 

44             677             32-3             lyo'-s  i7o'*-8 

16             246             754             i97**-9  i97°-5 

9             13-8             86-2             204°7  204''6 

8            12-3            877            205°7  ao5*'5 

10            15-3            847            803°'8  ao3**7 


Cold  malt  extract  is  entirely  without  action  on  ungelatinized  starch,  but  begins 
to  dissolve  it  at  the  temperature  of  gelatinization  or  a  few  de^ees  lovm. 
Starohea  from  different  aooraes,  however,  and  e?en  the  grennlea  of  the  nm» 
sampla*  are  not  aU  attacked  at  the  same  temperature.  Hiub,  if  malt  estrsot  be 
added  to  the  starch,  and  the  temperature  gradually  raised,  a  certain  portion  it 
dissolved  at  one  point,  and  a  further  portion  at  a  higher  temperature,  and  so  on. 
The  complete  solution  of  potato  starch  ih  only  effected  at  62^-64°  (i43°"6- 
I47*''2  F.);  maize,  rice,  aud  the  small  granule  starches  in  general,  ret^uire  a  Uan- 
peratore  many  degrees  higher  j  in  some  cases  the  transforming  power  of  tilt 
diaataae  u  destroyed  before  some  of  the  granolea  become  gelatidaed.  On  tim 
aooount,  the  complete  solution  of  some  of  the  starches  cannot  be  effeotei; 
tiueiy,  however,  does  the  quantity  remaining  insoluble  exceed  4  per  cent. 

Malt  extract  dissolves  gelatinized  starch  at  a  temperature  of  10  -20"  (50  - 
68°  F.)  almost  completely  if  the  gelatinization  be  perl'ect.  From  a  largf  uuiulier 
of  experiments,  O'Sollivan  finds  that  if  the  solution  be  filtered  and  aualyt>ai 
wiiliin  a  few  homrs  of  adding  the  extract  to  the  pastes  amylon  and  amylin  an 
formed  in  the  proportion  of  about  67  per  cent,  of  the  former  to  33  per  cent  of 
the  latter ;  but  if  the  reaction  be  allowed  to  extend  over  a  greater  length  of  time, 
the  amylon  increases  at  the  expense  of  the  amylin,  especially  if  the  converting 
agent  be  in  excess,  as  much  as  90  per  cent,  of  amylon  being  sometimes  obuiut^ 

If  the  transformation  take  place  at  a  higher  temperature,  not  exceeding  63 
(145^*4  F.)»  the  product  also  invariably  contains  amylon  and  amylin  in  po- 
portion  elosely  agrcemg  with  those  required  on  the  assumption  that  the  startb 
is  decomposed  in  the  manner  leprasented  by  the  following  empirioal  equation: 

(A.)    (C,H,,0.)„  +  4OH.  -  4C„H„0„  +  2C,,H«0,,. 
SUrah.  Amjlou.  AmjUa. 

A  mixture  of  amylon  and  amylin  m  the  proportiona  indicated  by  this  eqoaiioa 

should  consist  of  67*85  per  cent  of  amylon  and  32*15  per  cent,  of  amylin,  sad 

should  exhibit  the  apparent  sp.  rot.  power  [«i  =  1 70^*4 ;  the  following  are  the 
resultrt  obtained  by  O'SulUvan  in  four  eiperimeuts  made  respectively  at 
30^  (86°  F.),  40'  (104'       50**  (132°  F.),  and  60°  (140"  F.) : 

Permtsgeor       PWeaotafsof     Otawved  qqiMitnt    Ctl(nilat«d  apparait 


AmyluQ.  Amylta.  ip.  rot.  power.  spi  roU  power. 

68- 1  31-9             i69°7  i7o*''2 

67*4  326             i7o'*7  ^l^^'l 

667  333            i69°-9  I7i*-x 

68*3  317            i7o**-8  i7o'*i 


If,  however,  starch  paste  be  decomposed  by  malt  extract  at  any  temperatnre 
between  64''  and  68°— 70°  (i47'''2  and  Z54'**4— 158°  F.),  a  relatavely  smailar 
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■mount  of  amjlon  is  obtaiDed  tban  at  lower  temperatures,  amylon  and  amjUn 
biiiig  fiHrmed  in  proportionii  closely  agreuing  with  the  equation : 

(&)  (C.H,.0.)^  +  aOH.  =  2C,H„0„  +  4C„H^0„. 
Stareb.  Aajrlon.  AinjUu. 

And  sA.  atill  higher  tempentone,  viz.,  at  temperatures  from  68° — yo** 
(i54°-4 — 158°  F.)  to  the  point  at  which  the  activity  of  the  diastase  is  de- 
stroyed, even  a  still  smaller  proportiun  ofatnylon  is  obtained,  the  tramtformalion 
which  then  takes  place  being  indicated  by  the  equation  : 

(a)  (CA.OJ«  +  OH,  =  C„H,0„  +  sc«H,o^ 

Steroh.  AmjIoB.  AmjUa. 

The  formatioa  of  amy  Ion  and  amylin  in  these  various  propwtions  at  the 
tempentores  apeeified  is  obsenred  only  when  the  staroh  paste  and  malt  eatraot 
are  separately  heated  to  tlic  pertiealar  temperatore,  ewe  being  taken  that  the 
latter  is  not  heated  to  a  higher  temperature,  and  are  then  mixed;  very  ditl'erent 
results  are  obtained  if  the  malt  extract  be  heated  to  a  higher  temperature  than 
than  that  at  which  the  reaction  is  allowed  to  take  place  previous  to  mixing  it 
with  the  starvh  paitte.  Thus  O'Sullivau  has  fouud  that  if  starch  paste  eooled  to 
6o<'  (140''  F.)  be  mixed  with  malt  eztiaot  heated  to  6f  (i52°-6  F.)  for  a  few 
minutes  and  then  cooled  to  60°  1140^  F.),  deeompoaition  does  not  ensue  in 
accordance  with  the  equation  A  above  given,  but  as  represented  by  the  second  equa- 
tion (B);  and  that,  sirailarly,  if  the  malt  extract  be  heated  to  75°  (167  F.), 
then  cooled  to  68"  (i54°-4  F.j,  and  allowed  to  act  un  starch  paste  at  this  latter 
temperature,  tiie  Lrauslurmatiou  takes  place  in  accordance  with  equation  C.  It 
wonid  therefore  seem  that  the  remarkable  difbreoee  in  the  reanlta  obtained  at 
diffinrent  tempeiatarea  is  due  to  some  ehange  brought  about  bj  heat  in  the  eba^ 
racter  of  the  decomposing  agent  or  agents  in  the  malt  extract. 

It  has  already  been  pointed  out  that  the  transference  of  starch  in  plants  from 
one  part  to  another  must  be  preceded  by  its  conversion  into  a  soluble  form ;  but 
not  only  must  tlie  product  be  soluble,  it  must  ahio  be  capable  of  passing  through 
the  cell  walls.  It  is  highly  probable  that  the  change  which  the  starch  under- 
goes  ia  similar  to  that  which  takea  plaoe  when  it  is  submitted  to  the  action  of 
diastase,  and  that  it  is  converted  into  amylon  and  amylin,  the  Utter  being  also 
Kubsequently  converted  into  amylon,  but  much  more  slowly.  In  this  connexion 
it  is  an  interesting  fact  that  the  greatest  relative  proportion  of  amylon  is  pro- 
duced when  starch  is  decomposed  at  low  temperatures ;  hence,  as  amylou  is  readily 
diffusible^  whersas  amylin  ia  a  coUoid  aubstance,  the  oonditiottB  are  such  aa  moat 
to  fiivonr  the  rapid  transference  of  the  atansh. 

The  proportions  of  amylon  and  amylin  above  given  as  constituting  the  pro- 
duct of  decomposition  at  the  various  s[X'citied  temperatures  are  those  which  are 
obtained  when  the  malt  extract  and  starcli  p;uste,  botli  heated  to  the  temperature 
at  which  it  is  desired  the  reaction  shall  take  place,  are  mixed  and  the  mixture 
placed  on  a  water  bath  heated  to  a  like  tempearatore,  the  eolation  being  removed 
from  the  water  bath  aa  soon  aa  the  staxch  paste  diasolvea,  rapidly  cooled  and 
filtered  from  a  small  amount  of  insoluble  matter.  If  sufficient  malt  extract  be 
employed,  the  solution  of  the  stiirch  is  completed  within  a  very  few  minutes, 
the  insoluble  matter  which  remains  seldom  amounting  to  "5  per  cent,  of  the  aii- 
dried  starch  employed,  and  the  tiltrate  giving  no  colouration  with  iodine, 
although  if  the  aolutioa  be  heated  Immediately  to  the  bmliug  point  before  re- 
moving the  insoluble  matter  the  filtrate  ahaoost  always  gives  a  blue  or  reddiah- 
brown  coknr  with  iodiue.  But  unless  the  malt  extniet  employed  be  in  con- 
•idemfak  aaoem,  very  Utile  change  takes  pUMje  in  the  pfoportions  of  amylon  and 
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amjlin  at  first  produce<l,  even  if  the  solution  be  maintained  for  four  or  five  hours  at 
tlio  temperature  at  which  the  decomposition  is  efi'ected  ;  if,  however,  the  mab 
extract  be  in  excess,  or  stron^jly  acid,  the  aniylin  slowly  uuderjroes  conversiot 
into  amylun,  and  if  the  unboiled  solution  be  digested  for  a  tiuiiicient  time,  tha 
greater  pan  of  the  Hn)  \  lin  may  be  trauafonned  into  amjloo,  eo  that  by  varying 
the  time  of  digestion  and  the  quantity  of  the  transfornnng  agent  any  propor* 
lions  of  amylon  and  ainylin  may  be  obtained  :  hence  the  discrepant  statements  o' 
previous  observers,  *  to  the  relative  proportions  of  dextrin  and  "  sugar"  produce! 
by  th<?  action  of  malt  extract  on  starch  under  various  conditions.*  If  the  solution 
be  boiled  previous  to  digestion,  the  amylin  is  not  converted  into  amylon  to  aaj 
extent,  the  traneforming  agent  in  the  malt  extract  being  thereby  tendered  inert. 

The  quantity  of  malt  atnct  required  to  effect  the  transformation  of  starch 
into  amylon  and  aniylin  can  only  be  approximately  determined,  as  the  odd 
extracts  of  different  malts  exhibit  very  different  transforming  powers ;  a 
quantity  of  extract  containiiiu'  solid  matter  equal  to  5  per  cent,  of  the  starcti 
taken,  is  suflicieut,  iiowever,  in  almost  all  cases. 

If  the  digestion  with  an  excess  of  malt  extract  be  cootinned  for  ae^crsl 
honn,  eapedally  if  the  ttdxaet  contain  more  acid  than  usual,  it  is  found  that  the 
rotatory  power  of  the  prodnct,  calculated  from  its  cupric  oxide  reducing  power, 
•kc,  (p.  630),  is  invariably  greater  than  that  directly  observed,  in  consequence  of 
the  partial  conversion  of  the  amylon  into  glucoses  having  a  lower  rotalorj'  i>ower. 
This  conversion  of  amylon  into  glucoses  under  the  intluence  of  malt  extract, 
whiish  takes  plaoe  very  ilowly,  is  regarded  by  (ySuUiTan  as  an  eflbot  prodiiped» 
not  by  a  special  transforming  agent,  but  by  the  and  it  contains ;  this  oondosioD 
is  supported  by  Schulate  and  Uhrioh's  observation  that  amylon  is  not  altered  when 
digested  with  "  diastase"  prepared  by  precipitating  malt  extract  with  ala)hol. 

It  is  generally  supposed  that  the  glucose  into  which  starch  is  finally  convert*^] 
by  digestion  with  dilute  sulphuric  acid  is  ordinary  dextrose,  inasmuch  as  ihe  product 
has  the  same  cupric  oxide  reducing  power  as  sucrodextrose,  which  it  resembles  in 
other  respects.  O'SnUivan's  experiments,  however,  appeair  to  indicate  that  amylon 
is  converted  into  two  dextrorotatory  glucoses  on  inversion,' one  of  which  at  least  ii 
(liffi'ient  from  surrodextrose.  Thus  he  found  that  on  digesting  10  grams  pure 
amylon  with  malt  extract  containint,'  "7  gram  solid  matter  for  ten  hours,  the 
cupric  oxide  reducing-power  increased  to  73,  while  the  apparent  sp.  rut,  jKiwer 
fell  to  [a],  =  +  131".  From  these  nombera  the  amonnt  of  glucoses  produced, 
and  their  combined  apparent  sp.  rot.  power,  mi^  be  calouUted  in  the  following 
manner,  bearing  in  mind  that  the  cupric  oxide  reducing  power  of  amylon  ia  651 
while  that  of  the  glucoses  produced  by  its  inversbn  is  100. 

Let  X  =  the  amount  of  amylon  remaining  unchanged 
.*.  10      s  the  amount  of  glooosea  piodiioed 
then  «  X  *65  -I- 10— «  =  7*3 

•35  «  =  a7 

.-.  X  =  771 

and  10  —  7*71  =  2'29,  the  amount  of  glucoses  produced. 

Then  131^' (771  x  15*) »  ]5'''35>  the  aetirity  of  2*29  grams  of  the  gluooees 
in  100  00.  of  solution;  henoa  '^  =  (i^'7  u  the  activity  of  x  gnun,  and 
therefore  the  apparent  sp.  rot.  power  =  67.  In  like  manner,  in  a  number  of 
experiments  on  the  inversion  of  amylon  by  dilute  sulphuric  acid,  it  was  found 
that  when  the  apparent  sp.  rot.  power  reached  67°  the  cupric  oxide  reducing 
power  was  alwa}s  100  {privafc  lonnnnnirntion). 

'  O'Sullivan  is  inclined  to  regard  the  product  of  the  inversion  of  amylon  aa  • 
mixture  of  two  dextroglucoses,  both  differoit  from  suorodextrose;  the  obaem* 
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tions  of  ToUens  {Beat,  chein.  Get,  JBer.,  ix.  487, 1531),  however,  on  the  optical 
tehavioar  of  the  glaooM  firom  ttank  do  not  favour  this  oondiirioii.  This 
ohomitt  hia  earafaUj  osumined  the  iBflnenoe  of  conoentnitum  on  tlio  oppwent 
tp.  lot  power  of  dextroee,  employing  for  meet  of  his  experiments  lO-eeUed  piire 

oommercial  grape  gugar.  This  had  been  prepared  from  the  heat  commercial 
"grape  sugar"  (from  Htarch)  by  dissolving  it  in  alcohol  and  precipitating  with 
ether ;  but  in  order  further  to  purifj  it,  Tolle ns  recryiitaliized  it  twice  from 
water,  IImd  once  fiom  80  per  eentb  aloohol,  and  again  onoe  or  twice  from  water* 
The  apparent  ep.  rot  power  of  the  snhetanoe  thna  obtained  was  foaod  to  be  the 
•ane  as  that  of  sucrodextrose  in  a  solution  of  the  same  strength,*  and  was  not 
altered  by  recrystallization ;  henoe  it  may  be  oonoladed  that  amyloQ  yields 
SQCrodextruse  on  invernion. 

Admitting  this  to  be  the  case,  it  may  be  calculated  from  O'Sullivan'a 
determination  of  the  apparent  sp.  rot.  power  of  the  mixture  of  glucoses  from 
amylon  that  the  apparent  sp.  rot  power  ot  the  glucose  whidh  aocompanies  sooro- 
dextroee  is  [a],  =  67"  x  2  -  57°-6  «  76"*4. 

It  is  certainly  veniarkable,  however,  if  amylon  yidds  sucroilcxtrose  and  a 
dextrose  of  considerably  hi^fher  rotatory  power  on  inversion,  tiiat  the  former 
should  be  so  readily  and  completely  sepHrated  trom  the  latter  by  mere  crystalli- 
satian  firom  water  and  alcohol  as  would  appear  to  be  the  case  from  ToUens'  obserra^ 
tions;  in  factalthongfa  there  can  be  little  donbt  that  the  final  prodnet  of  the  action  of 
aeids  on  starch  is  not  merely  raerodextrose,  ao  has  been  very  generally  sappoeed, 
it  must  be  admitted  that  at  present  there  ia  not  soflleient  efidenoe  as  to  what 
is  exactly  the  nature  of  the  produ 't. 

Action  0/ Acids  on  iStarr/i  at  OriUnary  Tcmperatureit. — Starch  slowly  un- 
dei]goes  alteration  when  allowed  to  remum  at  ordiuaiy  atuiuriplieriu  temperatures 
in  eontaet  with  hydroohlorio  or  anlphnrie  aeid  of  sndi  strength  aa  not  to  cause 
the  fpannlM  to  swell,  bnng  aoted  npon  the  more  rapidly,  the  more  ooneentiated 
the  acid. 

According  to  Na^eli.f  if  potato  starcli  and  a  12  per  cent,  solution  of  hydro- 
chloric acid,  or  a  15  -16  per  cent,  solution  of  sulphuric  acid,  in  the  proportion  of 
1000  grams  air  dried  starch  to  6  litres  of  acid,  be  placed  in  a  stoppered  bottle, 
and  the  mixtnre  shaken  daily,  very  little  alteration  of  the  stareh  is  apparent; 
the  liquid  gradually  assames  a  pale  yellow  tint,  and  the  granules  become  less 
coherent,  but  they  do  not  alter  in  bulk ;  and  if  submitted  to  mieroscopic  exami- 
nation, they  oxliihit  no  alteration  of  either  form  or  structure,  excepting  that  the 
stratihcation  appears  more  marked.  l»ut  when  tested  as  to  their  behaviour  with 
iodine,  whereas  at  first  they  are  coloured  blue,  after  about  twelve  days  they  assume 
a  violet  cQloor,then  a  red  colour,  and  finaUy,after  about  three  weeks,  are  coloured 


*  According  to  Tdllens*  observations,  the  apparent  spedfio  rotatory  power 
of  dextrose  (from  starch)  in  aqueous  solution  increases  witii  the  ocmoentratifm ; 

for  solutions  containing  a  ^ven  numlH  t-  (;f  grams  of  hydrated  dextrose, 
CV  H  +  OHy  in  100  grams  it  may  be  calculated  by  the  aid  of  the  following 
formula : 

Io]d  =  47°'9254i  +  o-o 1 5534  P  +  0-0003883  P'. 

Hence  the  sp.  rot.  power  of  the  pure  hydratt*  is  53°*36,  and  that  of  the  anhy- 
drous substance  oS^  ^o;  the  value  47°'9254i  is  that  calculated  for  P  3=0  or 
£  (P-  575)^  100. 

t  B&Urage  enr  M6re»  Xmmi»iu  d&t  SiSrkegruppe,  Leipzig :  W» 
Mtff^lman,    1874.    In  this  pamphlet  (i  15  pp.  oct.)  not  only  describes 

his  own  observations,  but  also  gives  a  brief  anidyab  of  the  various  Investigationa 
on  starch  previously  published. 
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veddBsh-jellow.  The  changes  indicated  by  these  diiTerenced  of  colour  do  mi 
take  place  praoiieljr  tt  the  i«ine  time  in  all  the  giaoulMi  after  a  tima,  bnmwv, 
a  poiot  is  reached  when  all  exhibit  a  yellow  colour  with  iodiae,  and  from  ttiia 

time  on,  iudine  tails  to  indicate  any  further  change. 

NjjBgeii  ascertained  the  rate  at  which  the  starch  is  altered  and  dissolvfd,  by 
weighing  at  intervals  the  residue  dried  at  lOo"  (21  2^  F.).  He  found  that  alter 
thirty-six  days,  when  most  of  the  granules  were  coloured  yellow  ur  reddiah- 
yellow  by  iodine,  and  only  a  hw  aaramed  a  faint  violet  tinga^  100  parte  of  an- 
hydrous starch  had  loet  38*5  parte;  after  1 15  daja»  when  aU  the  granulee  won 
uniformly  coloured  yellow  by  iodine,  lOO  parts  of  anhydrous  etareO  had  b«^come 
reduced  to  29*5  parts;  after  240  days  only  17  2  parts  remain »h1  undissolved; 
but  even  after  720  days  there  wiw  a  residue  equal  to  about  6  per  cent,  ot  tiie 
Starch  taken,  con^ititiug  of  mere  skeletons  oi  the  granules.  The  solution  of 
«tareh  nnder  the  influenoe  of  acids  at  ocdinaiy  tempentores  apparently,  therelbn^ 
tikee  place  more  slowly  the  longer  the  digestion  is  oonthroed ;  this  is  probably 
,  due,  at  least  in  part,  to  the  inhibiting  action  of  the  products  in  solution,  as  the  starch 
was  found  to  bo  much  more  rapidly  dissolved  if  the  acid  were  renewe<l  at  intervals. 

The  residual  matter  (ihtuined  when  starch  is  allowed  tu  remain  in  contact 
with  hydrochloric  acid  until  the  granules  are  uniformly  coloured  )  ellow  by  iuiiud 
is  no  longer  starch,  however,*  ibr  according  to  Naegeli,  if  it  bo  entirely  freed  from 
add  bj  washing  with  water  (by  decantation)  and  then  boiled  with  water,  by  tu 
the  greater  part  dissolves ;  and  if  the  solution  be  filtered  and  then  frozen,  co 
thawing  the  frozen  mass,  a  turbid  liquid  is  obtained,  from  which  after  a  time 
a  snow-wlijte  deposit  separatvs,  wiiilst  the  supernatant  liquid  is  {H.rtectiy  clear. 
Under  tlie  microscope  this  deposit  is  seen  to  consist  of  disc-shaped  masses,  which 
apparently  possess  ciystalline  stmcture,  as  when  viewed  by  polariMd  fight  thcj 
exhibit  a  bbok  cross,  and  if  a  pbte  of  selenite  ha  interpoeed  between  the  Nicola, 
the  different  parts  of  the  discs  appear  differently  coloured.  No^geli  has  termed 
this  substance  ami/lodextnn  ;  it  in  probably  identical  with  the  substanoe  pre- 
viously tcrrnwl  a-dextrin.  Its  properties  are  iis  follows.  It  is  not  (Soluble  in 
cold  water,  but  readily  dissolves  on  heating  to  60' — 65'  ('4°^ — ^49  ^ 
does  not  separata  from  tha  eolation  on  cooling,  but  if  the  solution  be  evapocated 
to  a  thick  aymp,  although  nothing  separatee  at  fira^  after  a  time  tiie  whole 
solidifies  to  a  mass  of  the  discs.  It  is  precipitated  from  its  aqneooa  solution  by 
alcohol,  but  dues  not  yield  a  precipitate  with  baric  hvdrate.  anunoniaeal  plnrabic 
acetate,  or  tannin.  When  placed  in  cont^ict  witii  water  and  a  crystal  of 
iodine,  it  is  either  not  coloured  at  ail,  or  assumes  only  a  faint  yellowish-red  tinge, 
but  if  a  crystal  of  iodine  be  added  to  its  solution  tim  liquid  beoomca  at  fint 
viditi  then  reddirii-violet,  and  finally  purple-red.  Nagali  aupposes  it  to  bn 
without  actiou  on  Fehling's  solution,  although  he  found  that  ICQ  pts.  of  the 
substance  dried  over  sulphuric  acid  reduced  as  much  of  the  solution  as  6'S5  pts. 
dextrose,  but  he  attributes  this  to  its  conversion  into  sugar  by  the  actiou  ot  the 
alkali,  as  it  had  a  much  greater  reducing  |>ower  after  heating  for  a  short  time 
with  a  weak  solution  of  poiassic  hydrate ;  probably,  howover,  hia  amylodaxtrin 
contained  amykm.  It  is  remarkable  that  amylodextrb,  dried  over  eulphurie 
acid,  lost  only  1 75  per  cent,  water  at  100°  (2 1 2"  F.),  as  aocotdiag  to  O'Sallivan, 
when  a-dextrin  is  dried  over  sulphuric  acid  ita  weight  beeomea  conatant  when  it 
contains  9*5  to  10  per  cent,  water. 


*  The  assumption  has  been  made  that  the  subsuuce  coloured  yellow  bgr 
iodina  is  pi«>axistent  in  stneb— that  potato  atatcb,  ibr  example,  chid^  ccnaiatB 
of  tha  modification  coloured  blue,  and  of  that  cokrarad  yeUow  by  iodine,  the 
former  of  which  ia  more  readily  extracted  by  acida»  and  ia  thanfera  liiat  lamorod, 
Ihere  is,  howavar,  no  evidence  to  warrant  this. 
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The  results  obtained  by  Naegeli  appear  to  indicate  that  acids  exercise  precisely 
the  Mint)  action  on  starch  at  ordinary  atmospheric  temperatures  as  at  higher 
temperatures,  the  only  difference  being  that  alteration  takes  place  much  more 
impkUy  in  the  letter  eeMej  they  ece  mote  peitioakriy  of  intereit  in  eonneiioa 
erith  the  ibrmAtion  of  a-deztrin  (amylodextrin),  end  iodieefee  the  method  by  whieh 
probably  it  will  be  possible  to  obtain  it  in  a  state  of  purity  ;  but  they  do  not 
afford  any  evidence  as  to  whether  it  is  produced  elooe»  or  together  with  aniykniy 
which  is  the  most  important  point  to  decide. 

The  products  which  appear  to  be  raooeniTely  fonned  from 
•taitsh  hj  the  action  of  malt  extract  (aud  probably  also  of  saliva^ 
pancreatic  juice,  and  other  similar  substauces)^  or  of  acids,  are 
therefore  as  foUows : 


I.  SobMetUurck 

2.  orDextrin  {am^lo- 
dfxtriu) 
(C.H,0.), 


3.  Amjflm  (fi-dexinn) 

(C,.H,OJ„ 

and  a /H J/ Ion 


i Probably  formed  alone.  Is  coloured  blue  by  iodine ; 
does  not  dissolve  in  cold  water,  but  readily  011  heating; 
may  be  separated  from  the  solution  by  ficeiiii<^. 

Whether  formed  alone,  or  together  with  amylun,  un- 
certain ;  not  dissolved  by  cold  water,  but  immediaitely  on 
heating  to  60^-05  C.  -,  may  be  separated  from  the 
solatioD  bjfieesing,  in  ehei!eeteRitledieo-ehe.ped  messes; 
^the  eoltttion  is  ooloiiired  leddish-biown  by  iodine. 

'Formed  umnltaneously  in  proportione  varying  with 
the  tempereture,  if  malt  extract  be  emj^yed.  Amylin 

dissolves  readily  in  cold  water,  and  cannot  be  separated 
except  by  the  addition  of  alcohol  to  a  very  concentrated 
solution  ;  the  solution  is  not  coloured  by  iodine.*  The 
three  bodies,  soluble  starch,  a-  aud  f^-dextiiu,  have 
probably  the  seme  apparent  sp.  rot.  power  in  eolution— 
^>  —  213°  (about),  and  are  not  diffostble  through 
i  otgenised  membranes. 

Gradae]|y  Ibrmed  from  the  amylin,  and  probably 

when  malt  extract  is  employed  by  the  action  of  the 
diastase  and  not  of  the  acid  it  contaius.  A  crystalline 
substance,  very  soluble  in  water;  readily  dillusible; 
cupnc-oxide  reducing  power  =  65;  apparent  sp.  rot. 
\power  in  solution  [a]j  =  150°. 

The  mixture  has  the  same  cupric  oxide-reducing  power 
as  sucrodextrone,  but  an  apparent  sp.  rot.  power 
[a]j  =  67"^;  is  perhapti  a  mixture  of  soerodextroee  end 
a  dextroglnoose  of  the  apperent  ep.  rot.  power 
[a],  =  76°*4.  Their  formation  from  amylon  by  the 
action  of  malt  extract  is  probably  due  to  the  acid  it 
contains;  even  sulphuric  acid,  however,  only  slowly 
t  causes  the  inversion  of  amylon. 

(1572)  PASAllTIiOK.<—>Aeeording  to  Gottlieb  {Ann.  Chem.  Pharm.,  Ixxv. 
51),  the  cells  of  a  ipeoiee  of  alga,  the  MugUua  viridu,  contain  a  laige 


4*  Amylon  {maltate) 


5.  Tko  Dexdroglu- 

coses 


{ 


*  N«grii  etetee  that  elthoogh  a  tolution  of  dextrin  ie  eoaroely  ooloored  by 
a  weak  eolation  of  iodme,if  aerystal  of  the  latter  be  added  it  aeenmes  a  reddish- 
bcowu  colour. 
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namber  of  small  grannlM  oonnating  of  a  rabrtanee  of  tike  Hune  oomporition  m 
starch,  and  closely  raienibling  it  in  i^peaianoSp  bat  not  coloured  by  iodine.  It  may 
boeztractud  by  first  thoroughly  exhausting  the  .fiW^^sna  with  alcohol  and  ether  to 
Ht'parate  colouring  matter,  Ac,  and  then  macerating  it  at  tlu'  ordinary  ttnn- 
pcrature  with  a  dilute  solution  of  potuHsic  hydrate  ;  on  acidulating  the  solution, 
it  is  thrown  down  as  a  transparent  gelatinous  precipitate,  which,  when  dry, 
fonns  a  gmn-like  mass.  Panunylon,  as  tlus  sabstanoe  has  been  termed,  is  not 
soluble  in  water,  and  is  not  altered  hy  boiling  with  dilate  hydrodilorie  acid,  but 
the  concentrated  acid  rapidly  converts  it  into  a  body  capable  of  reducing 
Fehling's  solution,  and  yielding  alcohol  on  fermentation.  According  to  H:il>or- 
mann,  by  heating  it  with  water  and  bromine,  and  suhsequently  neutralising  with 
argentic  hydrate,  &c.,  an  acid  i»  obtained  very  similar  to  that  lirotn  starch  (p.  626). 

(1573)  SnrAHTfiBOSB  :  (?)  C\,ll,,0^  +  Oil,.— This  oarbohydiato  ac- 
companies inalin  in  all  the  taber-bearing  Cbnpciito  or  Sjjfmmikarea,  being 
most  abundant  in  the  ripe  tubers;  it  was  first  described  by  Popp  in  1870 
{Ann.  Chem.  Phann.,  c\\'\.  181).     The  best  materials  for  its  preparation  are 
the  tubers  of  Dahlia  variabilis  or  of  the  Jerusalem  artichoke  {Hthanfhus 
tuberogus).    The  expressed  juice  of  the  freshly-gathered  tubers  is  precipitated 
with  basic  plumbic  acetate,  the  dissolved  lead  removed  by  solphoretted  hydrc^n, 
the  eolation  nentralised  with  magnesic  carbonate,  and  evaporated  on  the  water 
bath.    The  residue  is  then  repeatedly  extracted  with  small  quantities  of  alcohol, 
until  it  is  deprived  of  optically  active  substances ;  after  drying  the  taidissolved 
portion  on  tlu'  water  bath,  in  order  to  free  it  from  water  and  inulin,  it  is  frac- 
tionally treated  with  ^mali  quantities  of  aqueous  alcohol,  so  as  to  obtain  as 
saturated  a  solution  as  possible.    This  solution,  after  being  completely  deeoloriied 
by  animal  ehareoal,  is  ponied  in  a  thin  stream  into  a  mi^oie  of  ether  and 
anhydrous  alcohol ;  the  precipitate  is  then  quickly  filtered  oil',  washed  with  ether^ 
alcohol,  and  dried  over  sulphuric  acid  in  vacuo.    It  is  thus  obtained  as  a 
white,  inex)herent,  bulky,  amorphous  mass  of  the  composition  Cj„Hj_.0,,  ;  it 
is  extruiuely  hygroscopic  and  deliquescent,  easily  soluble  in  water  and  aqueous 
alcohol,  dithcultly  soluble  in  absolute  alcohol,  and  insoluble  in  ether.    Itbna  aa 
insipid  taate,  without  being  in  the  leaat  sweet    The  substance  which  has  been  in 
contact  with  water  retains  a  molecule  of  water  witli  great  persistency,  and 
cannot  be  rendered  anhydrous  by  mere  drying  in  the  air  bath  without  suffering 
decomposition  ;  it  appears  also  to  possess  a  similar  affinity  for  alcohol.     It  is  not 
only  optii  (lly  inactive,  hut  also  without  immediate  action  on  Fehling's  solution, 
although  the  latter  is  reduced  after  long  boiling,  owing  to  the  alterati<m  of  the 
syuantbroae  by  the  alkali ;  it  immediatdy  canses  the  precipitation  of  meceaij 
from  a  aolntioD  of  mercurons  nitrate.  After  beating  synanthroae  with^ute  acidir 
however,  the  solution  has  a  powerful  Is^vorotatory  action,  in  consequence,  accord- 
ing to  Popp,  of  the  conversion  of  the  synanthrose  into  a  mixture  of  dextrose  and 
loBvulose ;  but  he  does  not  mention  on  what  evidence  this  conclusion  is  ba^-d, 
and  his  statement  that  tlie  apparent  specidc  rotatory  power  of  the  inversion  pro- 
duct ([a^  =  -  54  09  at  1 7°  \(}2°-6  F.)  in  a aolutSon containing  about  2  percent.) 
is  »rt  appredaUy  modified  by  tn  alteratton  of  temperatuin,  is  opposed  to  this 
conclusion,  as  the  rotatory  power  of  sucrolcevulose  is  known  to  vary  very  con- 
siderably with  the  temperatiire.     Moreover,  the  behaviour  of  synanthrose  in 
presence  of  beer  yeast  is  retnurkable  :  although  not  directly  fermentable,  it 
appears  to  undergo  inversion  under  the  intluence  of  the  yeast,  and  to  furnish 
fermentable  products,  but  according  to  IXeck  and  ToUens  {Jomm.  f.  Land- 
vsifihteke^t  sod^*  H?)      fermentation  takes  place  very  slowl|y,  and  only  about 
two-thixds  as  much  gas  ia  evolved  aa  wonhl  be  obtamed  firom  an  equal  wd^t  of 
dextrose. 

On  heating  synauthrotic  to  140° — 145**  (^84° — ^93°  ^O*    becomes  brown 
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and  gas  is  evolved,  apparently  undergoiut,'  a  change  similar  to  that  which  takes 
place  when  cane  sugar  is  carefully  heated;  on  rtubraitting  it  to  dry  distillation, 
gancs  are  evolved,  and  a  distillate  obtained  containing  acetic  acid  and  acetone. 
Oa  oxidation  with  dilute  uiirio  acid,  it  yields  saccharic  and  oxalic  acids.  Its 
•queoas  aoliitum  is  not  precipitstsd  by  nonnsl  or  bssio  plnmbio  soetote»  bat  « 
lead  derivative  may  be  obtained  by  precipitating  an  slcobolie  solntiou  with  an 
alcoholic  solution  of  the  basic  acetate ;  and  calcium  and  barium  derivatives  are 
precipitated  on  the  addition  of  alcohol  to  solutions  of  synanthrose  in  lime  or  baryta 
water.  It  \n  not  browned  by  a  cold  solution  of  potassic  hydrate,  and  although 
blackened  by  concentrated  sulphuric  acid,  it  is  not  so  much  acted  on  as  cane 
sugar. 

(1574)  Inulin  :  (C^Tr^,,0.)„. — This  carbohydrate  replaces 
starch  in  the  root  system  of  many  Composit(e,  being  especially 
abundant  in  the  tubers  of  the  dahlia  {Dahlia  vaHadUis),  which 
wheu  ripe  contain  as  much  as  10  per  cent,  of  tlieir  weight  of 
inulin^  and  of  the  Jerusalem  artichoke  (flelianthus  tuberosus),  and 
in  the  roots  of  elecampane  {Inula  Helenium),  dandelion  {Taraxa" 
cum  qfficmale),  and  chicoiy  {Chicormm  ItUyius), 

Aooording  to  Krabs  (BoL  Zeitg.  1875.  171),  it  is  not  confined  to  the 
biennial  and  perennial  CoropositsB,  as  supposed  by  Bragendorff,*  bat  is  also 

found  in  the  Catnpanulacefp,  Goo<hniace<p,  Loheliaceat  tad  StjfUdea i  Biid  ocean 
abundantly  in  these  plants,  not  only  in  the  underground  organs,  in  which  alone 
it  is  found  in  the  Coniposit(/\  according  to  Drageudorff,  but  also  in  the  fleshy 
stems  of  the  Cacalus  and  Kleinirg,  in  the  woody  stem  of  MumcMa,  in  the 
herbaeaoos  stalks  of  StjfUdium  gufrueUeoiim,  and  in  the  green  creeping  stalk  of 
Selliera  radtcatu,  and  even  ocenrs  in  the  chlorophyll  cells  of  the  fleshy  leaves 
of  these  pliots.  The  inulins  of  diflbrent  plants,  however,  are  not  all  equally 
soluble  in  water,  accordiuLr  to  Kraus.  In  the  C<Jifi/>oxit<B,  at  least,  inulin 
apparently  has  a  similar  function  to  that  which  starah  exercises  in  potato  tuber*, 
for  example,  being  stored  up  during  the  earlier  period  of  the  plant's  growth  for 
use  at  a  fatnre  psiriod  of  growth,  and  is  generally  most  abandant  in  tibe  aotttmn. 

Prtparaium.'^Ii  ia  di£Bcnlt  to  prepare  pure  inulin,  as  it  is  usually  acoom* 
panied  by  gOOBniy  and  albuminous  matters,  and  also  has  a  great  tendency  to 
retain  various  salts.  It  is  most  readily  obtained  in  a  pure  state  from  dahlia 
tubers  in  autumn.  The  woll-washed  tubers  are  reduced  to  a  fine  pulp,  which  is 
rapidly  pressed,  and  the  expressed  liquid  is  allowed  to  stand  12  — 18  hours,  after 
whiflli  it  is  mixed  with  at  most  an  equal  volame  of  alcohol,  the  precipitate,  oon- 
nsting  diiefly  of  impaiities,  is  rapi^y  filtered  off,  and  the  inulin  then  separated 
by  the  addition  of  double  the  quantity  of  alcohol.  It  may  be  further  purified 
by  dis8olvin«T  it  in  hot  watfr  and  a^ain  fractionally  precipitating  with  alcohol. 

Another  method  of  obtaining  inulin  is  to  digest  ihe  substance  coiitaiiiin-';  it 
with  water  heated  to  about  90  '  (194°  t".)  ;  the  extract  thiis  obtained  in  treated 
with  basic  plumbic  acetate,  which  precipitates  most  of*  the  impurities,  the  preci- 
pttste  remoTcd  l»y  filtration,  the  dii*solved  lead  thrown  down  by  sulphuretted 
hydrogen,  the  filtrate  from  the  plumbic  sulphide  neutralized  with  ammonia  and 
then  coDoentrated  00  the  water  bath,  and  finally  the  inulin  precipitated  with 


♦  Mitierialien  zU  einer  Monoqraphic  des  Inulins,  St.  Petersburg  :  H, 
Schnitzdorjf,  1870. — This  monograpii  contains  a  critical  analysis  of  all  previous 
invet!tij,'alions  oi  iauliu,  and  ah>o  an  account  of  a  considerable  number  of  original 
experiments. 
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alcohol.    In  order  to  prevent  caking,  the  inulin  thus  prepared  must  be  at  fint 

dried  at  a  low  temperature,  not  exceeding  (50°  (122°  F.). 

Pure  iuuliii  is  a  brilliant  white  powder,  resembling  starch  in 
appearance,  but  readily  distinguished  from  the  latter,  as  it  dis- 
solves in  warm  water,  forming  a  perfectly  clear  and  limpid  solu- 
tion^ which  is  sot  coloured  by  iodine  ;  if  it  be  yery  slowly  separated 
firom  iti  aqueous  solution  by  alcohol,  it  forms  globular  aggre- 
gates presumably  of  needle-shaped  crystals — so-called  sphcero- 
crystals,  which  exhibit  under  the  polarizing  microscope  a  black 
cross  similar  to  that  displayed  by  the  granules  of  potato-starch. 
(Comp.  SbcW  Tespi  Book  <^  Botany,  1875,  p.  63).*  It  is  scarcely 
dissolved  by  cold  water^  although  according  to  Sachs  and  Dragen- 
dorff,  it  readily  dissolves  in  water  heated  to  about  53^  (131^  F  ) ; 
Prantl  states,  however,  that  whereas  100  ca  of  a  solution  saturated 
at  0°  (32°  F.)  contain  only  *oi  gram  inulin,  100  cc.  of  a  solution 
saturated  at  100^  (212^  F.)  contain  no  less  than  36*50  grams ; 
and  that  solutions  saturated  at  14°  {S7°'2  F.),  30''  (86°  F.),  60** 
(140°  F.),  and  80°  (176°  F.)  contain  in  ico  cc.  respectively 
•2,  "27,  r57  and  4  0  grams  of  imilin.  The  inulin  is  not  entirely 
deposited  as  the  solution  cools  ;  indeed  a  solution  containing  4 
or  5  per  cent,  often  remains  clear  for  days  if  protected  from  dust, 
but  on  cooling  it  strongly,  or  adding  alcohol  or  glycerin,  the 
inulin  is  at  once  precipitated. 

This  behaviour  affords  an  explanation  of  the  occurrence  of  such  relatively 
large  amounts  of  inulin  in  sohition  in  the  cell  sap  of  the  Comfxi.titte,  and  its  slow 
separation  from  tlie  expretmed  juice.  Dragendurii'  has  found  that  when  solutioiui 
oontainin<;  from  2  to  12  per  cent  of  inuliii  are  allowed  to  diffuse  through 
pSMhinent  paper  into  water,  the  ^MR*— never  oonteine  mors  tnolin  tliao  water 
of  {he  name  temperature  dissolves  when  in  contact  with  the  solid  snbeftauoe.  He 
also  states  that  if  a  solution  prepared  by  dissolvin;;^  inulin  in  warm  water  be 
evaporated  cither  at  tho  ordinary  temperature  in  vacuo,  or  in  tlio  wat^^r  hath,  the 
precaution  being  taken  to  exclude  dust  by  stopping  the  mouth  of  the  ti;ujk  with 
cotton  wool,  an  amorphous  residue  is  obtained  which  dissolves  much  more  readilj 
io  water  than  ordinary  granalar  inulin,  whieh  very  soon,  however,  begins  to 
eeparate  firom  the  lolntiQii  thus  obtained.  He  therefore  assumes  that  inulhi 
exists  in  two  modifications,  one  of  which  is  crystalline  and  difficultly  soluhio, 
and  the  other  aniorphons  and  easily  soluble,  and  that  the  former  is  converted 
into  the  latter  by  heating  with  water  to  about  55"  (1.31°  F.),  whilst  the  latter  is 
reoonverted  into  the  former  by  contact  with  dust,  and  by  the  dehydrating  action 


*  The  preaenoe  of  innlin  hi  plants  mvf  be  demonstrated  by  placing  tUo 
teetions  firat  for  a  few  minutes  in  90  per  cent,  akobol,  and  then  for  a  abort 
time  in  water,  after  which  they  are  submitted  to  mieneooiiio  examination.  If 

sphaTo-crystal-*  are  observed,  it  is  not  only  ne<'e«!tary  to  examine  their  behaviour 
with  polarised  light,  but  also  to  ascertain  that  they  are  rondily  dis.-<oK-«,»d  on 
warming  with  water  to  about  ^o^ — 55°  C  ,  and  aldo  on  treulujent  with  putassic 
hydrate  solnUon  and  dilute  nitrie  and  hjdrobhlorie  aeide.    The  aolatioii  of 
the  innlin  eiyitala  bj  these  reagente  alwa^  eommenoes  firom  wiihoat. 
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of  sabetances  such  ag  alcohol,  gljcerin,  Sue.  It  appear?  more  probable,  however, 
tliat  heatbg  wiUi  water  iit  imilin  aoqnins  a  greatttr  attractioo  fivr  water, 
■nd  perhaps  entem  into  oomlnnatioii  with  it  to  form  a  more  aolable  hydrate. 

Air-dried  inulin  lias  the  coropoeition  C^HjoOg  -fOHj,  and  may 
be  rendered  anhydrous  by  heating  to  1 00°  (212°  F.)  ;  the  anhy- 
drous substance  has  the  sp.  ^t.  ^'4/0,  whilst  a  solution  containing 
10  per  cent,  of  inulin  has  the  sp.  g-r.  (?)  1*0396  at  20°  (68°  F.) 
(Drajrondorff).  According  to  Dubrunfaut,  anhydrous  inulin  is 
not  altered  wlien  heated  to  ]Ho^  (3'fi°  F.),  but  melts  and  under- 
goes decomposition  at  hij^lier  temperatures  ;  Dragendorff,  how- 
ever, states  that  it  melts  at  165°  (329°  F.),  but  without  suffering 
decomposition. 

An  aqueous  solution  of  inulin  exerts  a  levorotatory  action  on 
polarized  light ;  the  apparent  sp.  rot.  power  of  inulia  has  not, 
however,  been  satisfiActorily  determined. 

Boucbardat  (1847)  i^^^  value  [a],  =  —  26*''i6.  but  did  not  ntato  whether 
this  applies  to  the  anhydroas  substance  ;  Dubrunfaut  ( 1 856)  found  [a]j  =  —  44**9 
and  [a]r—  —  34°"2  ;  "'id  Dragendorff  ( 1 870)  states  that  in  a  Kolution  containing 
about  5  |>er  coiit.  of  dahlia  inulin  ["In  -  ~  34°"42  at  20*'  (68°  F.),  these  valups 
being  calculated  for  the  anhydrous  sub^itance :  According  to  Schiitzeuberger, 
however  (iliiJi.  GieM.  Pkarm.,  dz.  82),  who  appear*  to  have  need  •  WUd'e 
polarietioboneter  and  ordinery  white  Ught,  dahlia  inoiia  has  the  appareot  ep.  rot. 
power  —  26°,  whereas  that  of  elecampane  inulin  is  —32**.  Schiitienberger  has 
aleo  noticed  considerable  ditl'erences  in  the  behaviour  of  the  ioulina  firom  the  two 
ioaroes  on  treatment  with  acetic  anhydride. 

Little  is  known  of  the  metallic  derivatives  of  inulin.  It  is 
readily  dissolved  by  a  moderately  concentrated  solution  of  potassic 
or  sodic  hydrate,  and  on  the  addition  of  alcohol  precipitates  are 
obtained  which  apparently  are  metallic  derivatives  of  inulin ;  the 
alkaline  aolntions  do  not  alter  Fehlinf^s  solution  at  ordinary  tem- 
peratures^ and  even  on  heating  for  some  time  very  little  reduc- 
tion takes  place,  so  that  inulin  is  not  readily  decomposed  by 
alkalies.  Baric  bydrate,  and  an  ammoniacal  solution  of  normal 
plumbic  acetate  produce  white  precipitates  in  solutions  of  inulin, 
but  tbe  normal  and  basic  acetate  are  without  effect. 

Inulin  does  not  furnisb  a  characteristic  product  on  treat- 
ment with  concentrated  nitric  acid;  the  dilute  acid  oxidises  it 
to  oxalic  acid,  but  it  is  probable  that  saccharic  acid  is  first 
formed.  It  does  not  reduce  Feliling^'s  solution.  It  is  dissolved 
hv  concentrated  sulphuric  acid,  and  if  care  be  taken  to  prevent 
rise  of  teni})erature,  an  alui()>t  eolourkss  solution  is  obtained. 
Tbe  acetyl  derivatives  formed  by  tlie  action  of  aectie  auhydride 
on  inulin  have  been  very  imperfectly  examined ;  they  are  all 
amorphous  bodies. 

Inulin,  unlike  starch,  is  scarcely,  if  at  all,  affected  by  diastase 
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or  saliva,  neither  is  it  fernunitcd  by  beer  yeast ;  it  underj^oes  decom- 
position very  rapidly,  however,  under  the  influence  of  acids,  and 
even  mere  boiling  with  water  suffices  to  convert  it  iuto  a  body 
capable  of  reducing  Fehling's  solution. 

It  nifty  be  heated  with  water  to  between  90^*and  i  oo^  (194"  aod  2 1 2°  F.) 
for  many  boars  without  undergoing  change,  but  on  boiling  the  solution,  the 
redncingf  substance  is  graJuidly  produced,  and  by  heating-  to  100°  (212"  F.)  in 
sealed  tubes  it  may  apparent!}'  be  completely  converted  into  a  la?vc)j^luoi»>i'  : 
10 — 15  grams  of  inulin  undergoing  thiti  change  if  heated  with  4 — 3  times  their 
weight  of  water  for  60 — 70  hoars  (Dragendorff).  Id  the  presenoe  of  ends,  the 
deoompoaition  takes  plaoe  with  much  greater  rapidity,  being  oMDpkte  after  a 
Tery  few  minutes'  warming  on  the  water  bath,  if  tiie  aolution  oontain  abovt 
I  per  cent,  of  hydrochloric  or  nulphnric  acid. 

Aocordiut;  to  Dubrunfaut  ( 1 856).  the  protluct  of  tlic  action  of  wattT  or 
acids  ou  inulin  is  identical  with  HUcrulcuvulo»e,  but  tliis  conclusion,  which  ha& 
been  generally  adopted  by  chemists,  appears  to  be  based  upon  very  insaffident 
endenoe.  He  states  that  its  apparent  sp.  rot.  power  is  two  and  a  half  timea  as 
^Tcat  iXA  that  of  inulin  itself:  hence  [a]j  =  —  44°'g  x  2*5  =  —  1 12''"25  ;  assuming 
the  d«'tcrn>inatiou  to  have  been  made  at  the  ordinary  temperature,  this  value  is 
^onK'whut  hi<;her  than  that  assigned  to  sucrola^vulose — viz.,  falj  =  —  106  at 
14'  (57  2  F.).  According  to  Drageudorfl',  the  product  obtained  by  decom- 
posing inalin  by  heating  it  with  water,*  if  dissolved  in  oold  water,  haa  the 
apparent  sp.  rot.  power  [0]^=  -  123't  at  21"— 22*  (6g**$-~fl^6  P.),  bat  if 
the  aolation  be  heated  to  about  60°  (140*  F.)  and  then  oooled  previous  to  the 
determination  of  its  optical  activity,  the  apparent  sp.  rot.  power  of  the  substance 
in  solution  sinks  to  about  —  83**.  Sucrohevulose  is  not  known  to  behave  in 
this  way. I 

Ahboogh  the  final  prodoet,  Isvoglaeose  ia  not  the  ouly  prodoot  of  the 
action  of  water  on  inalin,  either  alone  or  in  presenoe  of  amds,  bat  ^iparently  a 

series  of  intermediate  substances  arc  formed  just  as  in  the  case  of  stardi.  Thoa, 

by  hcatinj^  inulin  for  only  a  ^hort  time  with  water,  and  precipitating  the  solu- 
tion with  alcohol.  Dragendorff  obtained  a  substance  cajmble,  like  inulin,  of 
forming  sphouro-crystals,  but  easily  bolubic  in  cold  water,  and  much  more 
readily  oonverted  into  bevoglucose  by  boiling  with  water ;  and  which  at  first  also  is 


*  In  order  to  isolate  the  product,  the  solution  is  evaporated  to  a  syrup, 
which  is  mixed  with  4 — 5  vols,  of  absolute  alcohol,  the  mixture  allowed  to 
stand  for  24 — 48  hoiurs,  then  filtered,  the  alcohol  distilled  off,  the  reaidne 
disBoWed  in  a  small  quantity  of  water,  the  solution  deooloriBcd  by  animal 
charcoal,  concentrated  on  the  water  bath,  and  the  residue  opoeed  ov«r  sulphuric 
add. 

t  Dragendoril's  obi^ervatious  were  mo.stly  made  with  a  Wild  polarimeter, 
illuminated  by  ordinary  daylight,  but  in  one  case  he  determined  the  rotatoiy 
power  of  the  same  solution  both  for  ordinary  white  light  and  for  the  yellow 
light  of  a  sodium  flame ;  and  from  the  values  obtained  it  would  appear  that  hia 
observations  for  white  light  may  be  reduced  to  values  of  [a],  by  division 
by  ri34- 

X  Krusemann  {Deut.  chem.  Ges.  Ber.^  ix.  1465)  tinds  that  when  inulin 
is  heated  with  water  in  doeed  tubes,  the  rotatory  power  of  the  aolntioa  itiahia 
a  maximum  after  a  certain  length  of  time,  but  then  gradually  fidls  as  th« 
heating  is  continued;  this,  howerer,  is  perhaps  due  to  the  alteration  of  the 
IsTOgluoose  {Comj9,,  p.  602). 
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wiihoiit  aotion  00  FeUing't  loliitioo,  Imt  after  a— 3  murateaT  Ixnling  begins  to 
lednoe  it.*  By  heating  for  a  longer  time  with  water,  a  still  more  endlj  solable 
hody  is  produced,  as  in  the  previous  case,  iogeikher  with  1a3vn<:;1ucosc,  whioh  can 
only  be  precipitated  V>v  the  addition  of  a  lar<^e  quantity  of  alcohol  to  the  verv  con- 
centrated solution  ;  when  dried  at  130"  (266"'  F.),  it  has  the  same  empirical  com- 
position as  iuulin,  but  is  optically  inactive,  and  apparently  yields  laavoglucose  very 
readily  when  wanned  with  water.  The  aabetanoe  thus  ohtamed  hj  DngendofiF,  and 
which  he  atatea  aooompaniea  inulin  in  idants,  ezhibita  a  lemaileable  rwemblance 
to  Popp*a  eynanthrf)se,  which  not  improbably  ia  a  member  of  the  (C,Hj,0,)b 
group  of  carbohydiatfs,  and  not  a  body  of  the  !5ame  empirical  compo^sition  as 
cane  sne^ar,  as  supposed  by  Popp.  The  same  intermediate  products  are  formed 
by  the  action  of  dilute  acids,  but  their  separation  is  much  more  difficult,  on 
aoommt  of  the  readineaa  with  which  indin  nndei^goea  alteration,  and  with  wMeh 
thej  ai«  themaelvea  altered,  ander  the  infiaenoe  ^  adda. 

From  the  above,  it  will  be  evident  that  our  knowledge  of 
inulin  and  of  its  congeners  is  extrcnacly  imperfeet,  and  that 
much  has  yet  to  be  learnt,  both  with  regard  to  the  products  of 
its  decomposition  by  water,  and  also  of  the  carbohydrates  with 
which  it  is  associated  in  plants.  From  the  constant  occnxrence  of 
starch  in  the  leaves  of  plants  which  furnish  inulin,  it  can  scarcely 
be  doubted  that  .a  genetic  connexion  exists  between  the.  two 
bodies,  and  as  starch  invariably  yields  dextrorotatory  products 
when  decomposed  by  artificial  means,  the  study  of  the  manner 
in  which,  perhaps,  it  is  naturally  conyerted  into  Isvorotatory 
substances  acquires  especial  interest. 

(1575)  Gltcoobn:  (C^n^QO,)n. — ^This  carbohydrate,  which 
is  only  known  to  occur  in  animals,  was  discovered  in  1857  by  . 
Claude  Bernard  (comp.  Ann.  Chem.  Phys.  [5],  viii.  367).  It 
appears  to  have  a  somewhat  similar  function  to  that  fulfilled  by 
starch  and  inulin  in  plants,  and  to  be  of  great  importance  for  cell 
growth,  as  it  is  found  wherever  this  is  actively  going  on.  It  is 
especially  abundant  in  the  liver -of  vertebrate  animals  during 
digestion,  and  aiao  occurs  in  the  muscles  and  in  colourless  blood 


•  According  to  Popp  {Ann.  Chem.  Pharm.^  clvi.  190),  if  the  expressed 
juice  of  unripe  dahlia  or  artichoke  tnlnrs  he  precipitated  with  hnsic  plumbit? 
acetate,  &c.  (p.  636),  a  substance  is  obtained,  which  he  terms  inuloid,  very 
closely  resembling  inulin  in  its  properties,  but  considerably  more  soluble  in 
water,  and  of  lower  specific  gravity.  When  dried  over  anlphnrie  aeid,  it  ia  a 
white  amorphous  body  of  the  oompoaitipii  C,H^,0, hat  ia  randered 
•nhydrous  by  heating  at  about  105**  (221*'  F.);  it  has  the  appannt  ap.  rot. 
power  [a]j  =  34'*'5  (calculated  for  the  anhydrous  fiihHtanre),  and  on  warroing 
with  acids  yields  a  product  of  the  apparent  sp.  rot.  powi  r  [ajj  =  —  79^  It  does 
not  reduce  Fehling's  solution,  but  when  it  is  boiled  with  it  for  some  time  a 
Tolmninoita  fioeenlent  precipitate  ia  obtained.  It  nelta  at  about  130^ — 135° 
(!l64P — 375^  F.),  and  ia  deeompoeed  at  higher  temparatoraa. 

According  to  Dubrunfiuit  and  DragendoriF  the  artiohoke  alao  eontaida  a 
destrorotatoxy  carbohydrate. 
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corpascles.  In  the  foetus,  it  is  largely  contained  in  the  lungs, 
placenta  and  muscular  tissue,  but  is  almost  if  not  entirely  absent 
from  the  liver  and  other  glands  and  the  nervous  system  ;  after 
birth  it  is  confined  almost  entirely  to  the  liver  and  muscles.  It 
occurs  in  considerable  quantity  in  many  mollusca;  and  has  also 
been  found  in  the  larvic  of  insects,  and  in  the  ta[)cworm  of  the 
pig.  Apparently  it  is  present  ia  the  liver,  and  iu  embryonic 
structures,  iu  the  solid  state. 

The  amount  of  glycogen  in  the  liver  is  greatest  after  a  meal, 
but  is  quickly  diminished  by  fasting,  the  diminution  being  due  to 
its  conversion  into  a  glucose  under  the  influence  of  an  unor- 
ganised ferment  present  in  the  blood  and  in  the  liver  itself. 
Although  there  is  little  doubt  that  glycogen  is  actually  formed 
(chiefly)  in  the  liver,  it  is  uncertain  from  vhat  materials  it  ia 
produced,  for  not  only  is  the  amount  increased  by  the  use  of  food 
consisting  chiefly  of  carbohydrates,  but  it  continues  to  be  formed 
in  considerable  quantity  when  the  food  consists  of  flesh  alone. 
In  the  present  imperfect  state  of  our  knowledge  of  the  composi- 
tion of  flesh,  however,  we  are  not  justified  on  l^s  account  in 
assuming  that,  even  when  the  food  consists  of  flesh  alone,  the 
glycogen  is  not  more  or  less  directly  |)roduccd  from  carbohydrates, 
iis  it  is  by  no  means  improbable  that  these  latter  are  in  a  sense 
pre-cxistent  in  some  at  least  of  the  albuminous  substances  -which 
constitute  tlesh — i.e.,  that  they  may  be  formed  from  them  by 
simple  hydration.     The    amount  of  glycogen    in   muscle  is 
diminished  by  activity,  but  is  not  subject  to  such  a  rapid  varia- 
tion as  the  glycogen  in  the  liver. 

Preparaiion. — It  is  best  prepared  from  liver,  which  mu8t  be  that  of  a 
healthy  aninial  killed  an  hour  or  so  after  a  full  meal,  an  otherwise  the  liver 
would  contain  but  little  glycof^en.  Tire  animal  (a  large  well-fed  rabbit  answers 
the  purpose  well)  ia  rapidly  killed  by  decapitAtion,  the  liver  instantly  removed, 
quickly  chopped  into  pieces,  and  thrown  into  a  quantity  of  briskly  bc^ng  water, 
where  it  is  allowed  to  remidn  tar  a  short  time,  the  object  being  to  raise  the 
temperature  of  the  liver  as  soon  aifi  poasible  to  ioo°  (2 1 2°  F.)  in  order  to  render 
the  ferment  which  it  contjiins  inactive ;  the  liiiuiil  is  then  poured  olF.  the  liver 
rubbed  to  a  tino  pulp,  and  a^ain  boiled  with  the  water.  The  solution  is  uuw 
attained  from  the  Kolid  matter,  filtered,  and  rapidly  cooled  by  placing  the  vesael 
oontuning  it  in  iced  watMV  The  albnmiuoiia  rabatancea  dinolved  in  the  liquid 
Sf6  best  removed  by  Brdoke'e  method,  by  the  addition  of  a  tiolution  of  potassic 
roercnriu  iodide,  prepared  by  saturating  a  boiling  solution  of  potas^ic  iodide  with 
mercuric  iodide,  this  solution  and  hydrochlorif;  acid  being  added  alternately  as  long 
as  a  precipitate  is  produced  ;  after  standing  a  short  time,  the  precipitate  is  removed 
by  nitration,  and  the  filtrate,  whilst  constantly  stirred,  mixed  with  suificieut  60 
per  cent  akwbot  to  caoae  a  oopioos  precipitate  of  glycogen.  The  precipitsto  is 
collected  on  a  filter  and  washed  with  60  per  cent,  alcohol,  until  the  filtrate  no 
longer  produces  a  turbidity  in  a  solution  of  potai<ftic  hydrate  mixed  witli  ammonia 
or  anunonio  chloride ;  it  is  then  wsihed  with  95  per  cent*  alcohol^  afterwards 


Diyiiized  by  Google 


OLYCOGSN 


643 


estraoted  wiih  ,«tliar  tii  oider  to  nmom  hJttj  saUbuiees,  and  finally  dried  in 
fi0DO  over  snlpburic  acid. 

According:  to  Brno  (Compf.  FmJ.,  Ixii.  675),  pure  glycogen  may  also  readily 
be  prepared  Irom  the  mollu.sks  Cun/iion  niule  and  the  oyster,  the  former  yield- 
iug  ad  much  as  14,  aud  the  latter  9  5  ]>er  oeat.,  calculated  oq  the  amount  of  dry 
mbatanoe  iliey  M^aia. 

Pure  glycogen  is  a  snow-white,  amorplioasi  tasteless  sub- 
stance, which,  after  drying  at  loo^  (212^  F.),  has  the  compo- 
sition C^HjqOj.  It  forms  a  paste  with  water,  and  rapidly  dis* 
solves  in  it  on  wanning,  yielding  an  opalescent  solution,  which 
becomes  perfiBcUy  clear  on  the  addition  of  potassic  hydrate.  It 
exerts  a  powerful  dextrorotatory  action  on  polarized  light,  its 
apparent  sp.  rot.  power  in  aqueous  solution  being,  acc(jrding  to 
Hoppe-Seylcr,  about  three  times  as  great  as  that  of  sucrodextrose. 
It  is  coloured  reddish-brown  by  iodine.  By  the  action  of  con- 
centrated nitric  acid,  it  is  converted  into  a  nitrate,  whilst  on 
boiling  it  with  the  dilute  acid,  oxalic  acid  is  produced.  It  is 
not  altered  by  moderately  concentrated  solutions  of  potassic 
or  sodic  hydrate,  and  does  not  reduce  Fehlin":'s  solution. 

By  the  action  of  dilute  mineral  acids,  and  of  the  unorganized 
ferment  contained  in  malt  extract,  blood,  liver,  saliYa,  and  the 
pancreatic  secretion,  glycogen  is  converted,  first  into  a  substance 
corresponding  to  dextrin,  and  tlieu  into  a  body  capable  of  re- 
ducing Fehling's  solution,  which  ferments  in  contact  with  beer 
yeast,  is  coloured  brown  by  alkalies,  and  exerts  a  dextrorotatory 
action  on  polarised  light  (Bernard).  According  to  Berthelot  and 
Luca  (1859,  Cmnpt.  Bend.,  xlix.  213),  the  body  produced  by  the 
action  of  hydrochloric  acid  is  identicsl  with  sucrodextrose,  its 
oomponnd  with  sodic  chloride  baring  precisely  the  same  crystal- 
line form  and  apparent  sp.  rot.  power  as  that  prepared  from  grape 
sugar,  but  they  do  not  state  that  this  oondusion  is  baaed  on  a 
direct  comparison  of  the  two  compounds.  Probably  they  con- 
trasted their  observations  on  the  glycogen  product  with  those  of 
Pasteur,  published  a  short  time  previously  (1856),  on  the  sodic 
chloride  compound  of  the  dextroglueose  from  diabetic  uriue,  and 
as  the  identity  of  the  latter  with  sucrodextrose  is  not  yet  proved 
with  certainty  (eomp.  p.  583),  we  must  also  for  the  present  re- 
gard it  as  an  open  question  whether  the  glucose  from  glycogen  is 
sucrodextrose. 

It  ia  definitiTelj  aatabllahed  by  Beniard*a  rawafobaa  {Anm,  OMm.  Phy*.  [5], 
iz.  307)  that  tha  Uood  of  both  oarnivorona  and  herbiTorona  animala,  oven  aflar 

prolonged  abstinence,  conUunaa  dextroglucose  as  one  of  its  normal  coniititaauhi. 
Bernard  states  that  this  glucose  is  identical  with  that  presient  in  diabetic  nrine; 
but  this  conclu&Lon  appears  to  be  baaed  merely  on  the  qualitative  reactioiu  which 
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the  impure  glucoise  Irum  blood  exhibits,  and  not  on  a  comparison  of  the  pure 
BubfUnoes  fiom  the  two  sooroee. 

Hie  glaoose  rapidly  diMppeus  from  the  blood  after  death,  and  aleo  on  keep- 
ing the  blood  withdrawn  from  an  animal,  but  itn  decom|Kisition  may  be  conn- 
derably  retarded  by  the  addition  of  a  small  quantit}'  of  ghicial  acclio  nci  l ;  it  is 
necessary,  therefore,  to  estimate  the  glucose  imnjediat^'ly  after  tlie  blood  is  with- 
drawn from  the  animal :  the  melhod  of  doing  this  has  been  fully  described  by 
Bernard  {Ice.  at,  p.  328). 

The  results  obtained  by  Bernard  appear  to  ahow  that  the  amount  of  glnoooe 
in  bkod  ia  independent  of  tilO  nature  of  the  food  ;  and  also  that  blood  contains 
a  normal  amount  of  fjlucose,  even  after  tlie  animal  from  which  it  is  taken  has 
been  for  a  considerable  time  without  fdod.  Thus  he  fouud  in  the  mixed  blood  of 
a  healthy  adult  rabbit  killed  by  decapitation  1*40  pts.  per  looo-  and  in  the 
earotid  artery  of  a  second  similar  animal  1*25  pt«  per  1000  of  ginoose.  Tliej 
had  been  ftd  on  Tegetablea  and  bread,  and  were  kiUed  doxing  the  period  vif 
digestion  ;  the  stomach  and  intestines  of  both  contained  "  aogar."  Simihdyy  the 
blood  of  four  healthy  adult  dogs  in  full  digestion,  which  for  some  time  previously 
had  been  fed  entirely  on  cooked  beef,  cuntaiiu'd  i'4<,,  1*32,  l"io,  and  124  pts. 
per  1000  of  glucose;  no  trace  of  sugar  could  be  detected  in  the  stomach  or 
mtestbea  of  any  of  theea  aaimala.  Tht  Tmoaa  blood  of  a  heaUliy  man,  60 
years  of  age^  partaking  of  a  mixed  diet*  oontuned  1*17  pts.  per  1000  d  glnoooe. 
The  blood  of  a  dog  whieh  had  for  three  days  been  entirely  deprived  of  food 
contained  1-2 1  pts.  per  1000  of  glucose ;  while  that  of  another  dog  in  a  feverish 
condition,  which  had  been  the  subjeet  of  a  physiological  experiment,  and  which 
for  two  days  previously  had  refused  all  food»  contained  1*41  pts.  per  1000  of 
gloooaei.  The  stomach  and  inteatanea  of  boUi  of  these  animida  were  completely 
empty.  The  mixed  blood  of  a  rabbit  whioh  had  been  deprived  of  food  contained 
1*17  pts.  per  1 000  of  glaoose. 

Althongh  the  amount  of  glucose  in  the  mixed  blood  of  animals  is  subject  to 
con.siderable  variation,  under  noriDal  conditions  it  is  comprised  within  the  limits 
of  I  to  3  pts.  per  1000  of  blood:  the  presence  of  a  less  amount  than  i  pt.  per 
1000  bdng  an  indication  of  deficient  nutrition,  while  If  the  blood  contain  more 
than  3  pts.  per  1000  the  limit  of  saturation,  so  to  apeak,  is  exceeded,  and 
glocose  appears  in  the  urine. 

Arterial  blood  contains  sensibly  the  same  amount  of  glucose  from  whatever 
part  of  the  system  it  be  taken — viz.,  on  an  average  from  i  to  1*5  pts.  per  icco. 
Venous  blood,  on  the  contrary,  contains  varying  amounts  of  glucose  in  diiferent 
parte  of  the  syBtem,  bnt  usually  a  less  amount  than  arterial  blood^Tiz.,  from 
about  *6  to  I  pt.  per  looO}  that  contained  in  the  right  aide  of  the  heart  and 
the  vena  cava  inferior  above  the  point  where  the  blood  which  has  passed  throu^ 
the  liver  is  poured  into  it,  however,  is  much  richer  in  glucose  than  the  blood  from 
any  other  part  of  the  body.  For  example,  Bernard  found  in  bloml  drawn  from 
the  vena  cava  inferior  at  a  point  below  the  hepatic  vein,  i"o8  pt*'.  per  1000 
glucose,  but  2'oo  pts.  per  1000  in  blood  drawn  from  the  vena  cava  inferior  of 
tile  eame  animal  at  a  point  level  witii  the  aub-hepatic  ▼eino.  In  another  experi- 
ment the  blood  frmn  Cerent  parte  of  the  system  waa  found  to  contain  in  1000 
pta.  the  following  amount  of  glucose  : 

Blood  from  the  right  jugular  vein  ....  "pi 
Blood  from  the  vena  cava  superior  ....  '90 
Blood  from  the  right  carotid  artery  .    .    .    .  I'lo 
Blood  ftom  the 'right  ride  of  the  heart     .   .  1*25 
From  these  facte,  it  appears  in  the  highest  degree  probable  that  the  soluble 
carbohydrates  which  are  eitiier  prssent  in  the  food,  or  are  formed  from  the  insoluble 
carbohydiatea  during  digestion  (and  also  a  portion  of  the  albnmeuoids),  do  not 
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directly  pass  into  the  sjeneral  circulation,  but  that  they  are  stored  up  in  the  liver 
in  the  form  of  glycogen ;  the  latter  then  gradually  undergoes  couverdion  into 
gloooae,  and  in  thk  fimn  b  eonvejed  to  the  yarioas  parU  of  the  system,  where 
it  ie  perhape  partially  reconverted  iato  glycogen  (in  the  muMlM),  and  partially 
undeigoea  alterationa  in  other  waja. 

(1576)  Cellulose  :  (CgHji  O^),,. — This  carbohydrate  con- 
stitutes the  esscutial  part  of  tlie  solid  framework  or  cellular 
tissue  of  plants,  but  it  apparently  also  exists  in  the  animal 
kingdom,  as  the  so-called  tuniein  contained  in  the  outer  envelopes 
of  the  Tunicata  or  Ascidia,  according  to  Schoerer  {Ann.  Chem. 
P liana. J  ck.  312)^  ia  in  all  respects  identical  with  vegetable 
cellulose.  It  occurs  nearly,  pure  in  cotton,  linen,  elder  pith,  and 
in  the  pith  of  the  Araiia  pt^ryrifera,  from  which  rice  pag^er  is 
prepared ;  but  as  a  rule,  only  the  tissue  of  very  young  cells  con- 
sists of  pure  cellulose,  for  as  the  plant  grows  the  cell  walls  become 
incrusted  with  various  matters.  The  following  analyses  of  raw 
cotton,  wheat  and  harlej  straw,  and  of  a  number  of  woods, 
afford  illustrations  of  the  extent  to  which  cellulose  is  associated 
with  other  substances  in  various  vegetable  products : 


WaUr. 

Aqueous 

Akdhol- 
tsMeos 

CsUoIos*. 

Cotton  .    •  . 

7 'CO 

•40 

9135 

•87 

Barley  straw  . 

"75 

9*34 

1*99 

49*22 

27*70 

AVheat  atraw  . 

10-39 

8-52 

1-58 

49*^7 

30*34 

Alder    .    •  . 

10-70 

248 

•87 

54-62 

3»\U 

Beech   .    .  . 

2-41 

45 '47 

3914 

Birch   .    .  . 

12-48 

2  65 

1-14 

28-21 

Black  poplar  . 

12*10 

2*88 

1*37 

20*88 

Box  .... 

12*90 

2-63 

•63 

48*14 

35  70 

Chestnut    •  . 

12*03 

5*41 

1*10 

5264 

28-8a 

Ebony  ,    .  , 

9-40 

9*99 

2-54 

29-99 

48-08 

Fir  .... 

1-26 

•97 

5699 

2691 

Lime    .  . 

lO'IO 

356 

3  93 

53'09 

29-32 

Mahogany  .  . 

1239 

9-91 

I'02 

49-07 

27*61 

0$k.    .    ,  . 

13  12 

12*20 

•91 

39*47 

34*3<> 

Sootehfir  .  . 

12*87 

405 

1*63 

5327 

28-ia 

Teak    .    .  . 

11-05 

3*03 

374 

4312 

3816 

Willow.    .  . 

11*66 

2-65 

I  23 

5572 

2874 

The  Tarioui  matteri  whieh  aooompany  oelloloee  in  vegetable  atmetoree  v» 
naually  inoluded  under  tli  three  headaof  ligneou*  maU9r,cork  or  euiicular 

suhstance,  and  intercellular  substance.  Both  li^'iieous  matter  and  cork,  the 
latter  espt'cially,  are  lelatively  richer  in  carbon  and  liydroj^'en  than  cellulose,  but 
acarccly  auythiug  is  known  with  certainty  with  r^ard  to  the  nature  of  tho 
nnmerooa  aabetaiioee  of  whieh  th^  are  oompoaed.  The  entienlar  anbitanoe  ia 
diatinguiahed  from  oellaloee  by  its  greater  aolobility  in  alkalies,  and  by  being 
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man  TMdiJiy  destroyed  by  ilie  ftotlon  of  nitric  add,  ehlorine,  &e. ;  cork  eq»e- 
oially  is  characterized  by  its  Whaviour  on  oxidation  with  nitric  acid,  which 
converts  it  into  an  acid  of  the  succinic  series,  suberic  acid,  CgHj^O^.  Ligneoos 
matter  also  opposes  less  resistance  to  the  action  of  rea<;ents  than  cellulo^je,  and 
is  converted  without  difficulty  by  the  action  of  chlorine  and  similar  ageuu  into 
■obttanceB  tolable  in  dilate  idkadies,  and  partly  eren  in  water  and  alcohol  The 
interodlolar  aabetanoe  in  aoroe  casea  consiats  of  so-called  peetona  and  nam- 
laginous  bodies,  and  in  others  exhibits  the  characters  of  ligneous  matter.  For 
a  full  description  of  the  formation  of  cellular  tissue  in  plants,  and  of  the  manner 
in  which  the  cellulose  becomes  incrusted  with  various  matters,  the  student  is 
referred  to  Sachs's  "  Text-Book  of  Botany."  It  may  here  be  pointed  out  that 
we  are  also  ignorant  of  the  nature  of  the  so-caUed  Aummt  anbatiiMeB  whidi  are 
formed  by  the  gradual  decay  of  vegetable  matter  and  of  woody  fibro;  the  crade 
products  have  been  analysed  by  Mulder  and  others,  and  forrauUe  have  even  boon 
attributed  to  them,  but  as  they  are  entirely  devoid  of  distinctive  properties,  and 
do  not  admit  of  separation  and  purification  by  any  of  the  methods  at  present 
known,  the  results  which  have  been  obtained  are  of  very  little  value.  From 
Pasteur's  experiments  it  appears  that  the  decay  of  vegetable  lubatanoea,  and 
indeed  of  organic  matters  generally,  is  neither  a  spontsaeoaa  process  aor  miKly 
the  resolt  of  slow  oxidation  at  the  expense  of  atmospheric  oxygen,  but  that  it  is 
in  great  part  at  least  due  to  the  mediation  of  low  organisms,  the  germs  of 
which  are  present  in  the  atmosphere;  thus  he  has  found,  for  exam])le, that  when 
moistened  sawdust  is  exposed  to  a  current  of  air  it  generates  carbonic  anhydride 
abundantly,  whereaa  if  it  be  previously  heated  to  destroy  the  germs,  and  every 
precantion  be  talcen  to  remove  them  horn  the  appsiatoa  in  whidi  the  eoqwciment 
is  carried  out,  and  from  the  air,  no  appreciable  oxidation  taken  place. 

Usthnation  of  Ctlliduse. — The  analyses  above  given  are  taken  from  Dr.  Hugo 
Miiller's  article  (  I  50  pp.) ;  Die  Pjlanzcnfaxet'  uu<f  ihre  Aufhertitvng  fiir  dit 
Tec/tnik,  in  Hofmann's  Bericht  iiber  die  Mnitcicktlung  der  c/iemiscken  In- 
dutUie  wahrend  dei  leUten  Jahrzehends  (1S77).  In  thia  most  vafanhla 
woik  an  accoont  is  given  <tf  the  variona  matenals  in  use  for  the  manofoctars  of 
paper,  and  of  the  modes  of  treating  them,  and  also  of  a  laige  number  of  other 
cellulose-yielding  vegetable  subetarres. 

The  method  employed  by  Dr.  Miiller  for  estimating  the  cellulose  i.s  one  devised 
by  himself,  and  as  it  appears  to  possess  some  advantages  over  that  of  Schulze,  which 
baa  hitherto  been  generally  adopted,  it  may  here  be  described.  About  2  grama  of 
the  material  to  be  examined  are  dried  at  110* — 115"  (aso'-^asg**  F.)>and  if  it 
contain  any  considerable  quantity  of  fat,  wax,  or  resin,  it  is  first  exhausted  with  a 
mixture  of  strong  alcohol  and  benzene,  and  then  extracted  by  boiling  several 
times  with  water,  or  very  dilute  ammonia.  The  softened  mass,  if  not  already 
sufficiently  divided,  is  next  triturated  in  a  mortar  with  a  boxwood  pestle ;  in 
fhe  case  of  woods,  however,  if  fine  shavings  be  employed,  further  division  in  tiiis 
manner  ia  unnecessary.  It  is  now  transferred,  with  100  cc  of  water,  to  a 
capacious  wide-mouthed  stoppered  bottle,  and  5  or  xocc.  of  an  aqneous  solution 
of  bromine,  containing  2  cc.  of  the  latter  in  500  cc  of  water,  are  added  accord- 
ing to  the  nature  6f  the  material.  In  the  case  of  tiie  purer  bark  fihre^j,  such  as 
flax  and  hemp,  the  yellow  colour  of  the  liquid  only  slowly  disappears,  but  with 
strsiw  and  woods  it  disappears  in  a  very  few  minotee.  When  thia  happena,  a 
finch  quantity  of  the  bromine  solntion  u  added,  and  the  addition  of  bromine  ia 
repeated  until  at  last  the  liquid  retaina  its  yellow  colour,  and  bromine  can  still 
be  detected  in  it,  after  standing  12 — 24  hours.  The  aubstance  is  now  filtered 
from  the  liquid,  washed  with  water,  and  heated  nearly  to  boiling  witli  about 
500  cc.  of  water  to  which  2  cc.  of  liquid  ammonia  are  added ;  this  causes  ail 
erode  vegetable  fibres  and  woods  to  assume  a  more  or  less  intense  dark  btown 
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colour,  and  the  liquid  is  similarly  coloured.  The  undis'^olved  matter  is  then 
separated  by  tiltratiou,  washed,  returned  to  the  buttle,  a<;aiQ  treated  with 
bramine  aolntioii  m  bsfine,  and  wlken  tlw  aoUon  of  the  bromine  »  oompleted, 
exliBmiled  inAi  dilate  anunoiiia  A  eeoond  treatment  ii  naiNilly  eofficient  in  the 
OMO  of  the  purer  bark  fibres,  but  tissues  which  are  more  completely  lignified 
require  a  third  and  even  fourth  treatment  in  order  to  free  the  eellulose  completely 
from  foreign  subHtances.  The  operation  may  be  considered  to  be  at  an  end  when, 
after  standing  24  hours  with  very  dilute  bromine  solution,  on  treating  the  washed 
naidne  with  warm  dilute  ammonia,  the  liquid  is  no  longer  ooloured.  By  thia 
traatment  the  vegetable  tieaoe  gradaally  beoomea  diaintegrated,  and  finally,  after 
wariiing  with  water  and  then  with  boiling  alcohol,  a  brilUant  white  maaa  of 
imlated  oella  is  obtained.    This  is  dried  and  weighed. 

In  order  to  ascertain  the  amount  of  the  other  substances  which  accompany 
cellulose — viz.,  of  the  substances  soluble  in  water,  of  fatty,  resinous,  and  waxy 
matters,  of  pectous-like  substances,  and  of  incrusting  matters,  live  grams 
of  the  oommimitod  tiarae  are  eztfaoted  by  boiling  fire  timea  with  water, 
vaing  xoo  oe.  eneh  time^  and  then  dried;  they  an  nest  eshanated  with 
•  mixture  of  beniene  and  alcohol,  whidi  removes  fat,  wax,  <&c. ;  then  the 
r^idue  is  several  times  boiled  with  dilute  ammonia,  which,  in  most  cases,  dissolves 
a  considerable  quantity  of  colouring  matter  and  of  pectous  substances,  the 
amount  of  which  may  be  estimated  by  evaporating  the  solution  to  dryness ;  and 
finally,  the  mass  is  sabmitted  to  the  treatment  with  bromine,  &c.,  above 
deaeribed.  After  the  odlnlooe  haa  been  dried  and  weighed,  ii  may  be  Arar  or 
five  times  boiled  (each  time  with  100  oc)  of  a  I  per  cent  solution  of  erystal- 
lized  sodie  carbonate,  and  from  the  loss  of  wdght  which  it  aafiers,  the  amount 
of  the  more  soluble  modification  of  cellnloae  present  in  most  vegetable  fibres  may 
be  approximately  determined. 

Cellulose  bears  a  very  dose  genetic  relation  to  starch,  being 
in  all  probability  more  or  leas  directly  formed  from  it ;  but  it  is  a 
maoh  more  stable  substance,  and  is  not,  like  starch,  readily 
rendered  soluble.  Nevertheless  it  is  undoubtedly  in  some  cases 
deposited  as  a  reserve  mateiialj  as  in  the  endosperm  of  the  date 
for  ezample,  the  greater  part  of  the  hard  kernel  of  which  con- 
sists of  cellulose,  which  is  gradually  dissolved  during  germination ; 
the  mucilaginous  substances  which  are  met  with  in  certain  plants, 
and  some  at  least  of  the  substances  which  cause  lignification  and 
cuticnlarisation  are  perhaps  also  products  ui'  the  partial  alteration 
of  the  cellulose  of  the  cell  walls. 

Pure  cellulose  may  readily  be  obtained  from  any  of  the 
purer  forms  iu  which  it  occurs  naturally,  such  as  cotton  or  elder 
pith,  or  from  unsized  paper  or  old  liucu,  by  su})mitting  them  to 
the  action  of  bromine,  &;c.,  in  the  manner  above  described. 

Cellulose  is  a  white,  odourless,  tasteless,  very  hygroscopic 
substance,  of  the  sp.  gr.  about  1*45,  insoluble  in  all  ordinary 
menstrua;  the  only  liquid  apparently  in  which  it  is  soluble 
without  change  is  a  solution  of  cuprammonic  hydrate. 

This  flolataon  ia  most  conveniently  prepared  by  disaolving  cupric  hydrate  to 
aatnration  in  ammonia,  the  cupric  hydrate  for  this  purpose  being  precipitated 
Snm  a  aolntion  of  coprio  inlphate  in  presence  of  ammonio  chloride  by  sodio 
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hjdrate,  well  wathed  by  deoutatum  and  tben  on  «  filier,  and  ftcaorfcd  mdar 
water.   If  ootton  wool  or  paper  ba  placed  in  oontact  with  thia  aolotion,  it 

assumes  a  gelatinous  condition,  and  on  agitation  gradaallj  dissolves,  forming  a 
viscid  solutiim,  which  may  be  filtered  after  dilution  with  water.  On  neutralizing 
the  filtrate  with  hydrochloric  acid,  the  cellulose  separates  as  a  gelatinous  precipi- 
tate resembling  aluminio  hydrate,  which,  when  dried,  forms  a  transparent, 
brittle,  hom*Uke  masa ;  it  may  also  be  precipitated  by  earbonio  anhydride  and 
by  many  nentrai  anbatanoea,  anoh  aa  aogar  or  aodie  ohknride,  and  even  water  in 
laige  qoantity  causes  its  gradual  aaparation.  Cellular  tissue,  as  a  nl^  how- 
ever, is  not  directly  soluble  in  the  cuprammonic  hydrate  solution,  but  may  be 
rendered  soluble,  in  some  case*  by  mere  drying  at  about  150"  (302°  F.),  or  by 
boiling  with  water,  and  in  others  by  treatment  with  dilute  alkaline  and  acid 
■oIutioDs;  highly  lignified  tissue  becomes  aolable  only  after  treatment  with 
ozidinng  agents,  Ac 

Cellulose  is  not  coloured  by  iodine  solution  alone,  or  at  most 
assumes  a  yellow  or  brownish  colour,  but  in  presence  of  hydriodic 
acid^  potassic  or  zincic  iodide,  sulphuric  or  phosphoric  acid,  and 
zincic  chloride  it  is  coloured  blue  by  iodine :  concentrated  sul- 
phuric  acid  and  a  concentrated  solution  of  zincic  cliloride  espe- 
cially favour  the  production  of  the  blue  colour.  These  substances 
apparently  do  not  act  by  removing  impurities^  or  hj  causing  the 
cellulose  to  swell  up  with  water,  for  if  a  portion  of  cellular 
tissue  be  treated  witb  any  one  of  tbe  reagents  which  induce  the 
b!ue  colour,  and  be  then  freed  from  it  by  washing,  it  is  not  then 
coloured  blue  by  iodine ;  and  cotton  wod,  for  example,  which  has 
bean  boiled  widi  dOute  hydrochloric  or  nitric  acid,  or  dissolved 
in  cuprammonic  hydrate,  neutralised  and  washed,  is  also  not 
coloured. 

Cellulose  has  but  a  very  slight  tendency  to  form  metallic 

derivatives. 

It  is  not  approciaWy  altered  by  cold  modprat<»ly  roncontraf<»d  solotions  of 
potassic  or  sodic  hydrate,  but  in  very  concentrated  solutiuns  it  bwells  up  aud 
gradually  dissolves ;  apparently  the  liquid  at  first  contains  unaltered  cellulose, 
(perhaps  in  the  form  of  a  potassic  deriTati?e),  whieb  may  be  precipitated  by  the 
addition  of  water,  but  it  is  said  that  alteration  soon  takes  place,  and  that  at  first 
a  sub»>tiince  is  produced  which  is  coloured  blue  by  iodine,  then  a  dextrin-like 
subxtance,  and  finally  a  gflucose.  Cellulose  (in  the  form  of  filter  piij^er)  has  the 
property  of  absorbing  an  appreciable  amount  of  baric  hydrate  iroiu  dilute 
solutions  of  the  latter,  from  which  it  cannot  be  ireed  by  W2i»hing  with  water 
(Mdller,  Zeit.  anoL  CAem.»  i.  84).  It  appears  alio  to  form  plumbie  derivatiTia 
(Mulder,  Jahreth.  1863,  565).  Its  disenlation  in  a  solution  of  eupnunmonSc 
hydrate  is  not  improl>ably  due  to  the  formation  of  a  metallic  derivative. 

If  cotton  wool  or  Swedish  filter  paper  bo  heated  at  icSo°  (356®  F.)  for  1-2 
hours  with  6-8  pts,  acetic  anhydride,  it  is  entirils-  (li>;Holved  and  converted  iuto 
the  triacetate,  ^,11^(0^11^0^0^,  which  may  bo  se^xirated  by  pouring  the  syrup 
into  water  j  in  the  pure  atat«»  it  ia  a  white  powder,  aobble  in  ghnial  aoetit  aoid 
and  ooDcentrated  sulphurio  add»  and  ia  veiy  eaaily  oonverted  into  eelluloae  and 
aoetate  by  boiling  with  dilute  alkiUi.  The  acetic  acid  solution  is  entuvly  with> 
i»at  action  on  poUria«d  li^ht   It  is  not  possible  to  obtain  higher  derivativea  by 
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the  action  of  a  greater  ezoees  of  the  aahydride  at  higher  temperatures;  at  lower 
temperatnreB  the  cellulose  merely  swells  up  in  the  anhydride  without  dissolving, 
fomiint^  lower  acetates  which  cannot  be  separated  I'roiu  the  unaltered  aabtttanOB 
(SchiilzcnlK  ri,'!'!-,  Ann.  Ch<)H.  Pharni.,  clx.  75). 

Corre^puuUlug  nitrates  are  iurmed  by  the  acUun  uf  uitric  acid,  and  coustituto 
the  weU-known  aabitaiioet  yim  coiUm  and  eoUodion.  If  a  nuztore  1^  nltrie 
and  anlphnrio  adda,  each  in  the  higheat  degree  of  conoentration,  he  employed, 
the  oelloloee  la  converted  into  the  trinitrate,  C,H,(NO,),0^,  bnt  bj  the  action  of 
acid  mixtures  containing'  larger  proportions  of  water,  lowi  r  nitratea  are  produced, 
wl\icli,  according  to  Hadow  (Ji^wm.  Chem.  Sor.,  i854)  ^ii-  -08),  are  ri-presented 
hy  the  lormuL-e  C,jHj,(N(),),0.  and  C\,H^(XOJ.O^.  The  trinitrate  is  highly 
ezf^oaive,  soluble  iii  ethylic  acetate,  but  insoluble  in  any  mixture  of  ether  and 
aloohol ;  proj>erly  TDanufaotored  gon  ootton  eonaiata  almoat  entirely  of  tiiia  anb- 
atanoe.  The  compound  C„H^(NO,),0,  ia  lean  axploaiTe,  and  inaolable  in  aeatie 
mad,  but  soluble  in  a  mixture  uf  seven  parts  of  ether  and  one  part  of  alcohol, 
whereas  the  compound  ^\gll^(^  ' ^a)-^  '.  hirgely  soluble  both  in  ether  and  in 
glacial  aci-'tic  acid  ;  ordinary  collodion  is  u  niixiure  of  these  two  substances,  but 
tlie  former,  accoiximg  to  Hadow,  is  the  best  htted  lor  photographic  purposes. 
Theae  nitratea  auaroely  differ  from  the  unchanged  cellulose  in  appearance,  but  if 
pyroKylin  (gon  ootton)  prepared  firom  ordinary  cottra  be  examined  by  the  miero- 
acope  in  polariaed  light  it  is  found  to  have  lost  the  property  of  depolarization  which 
cotton  possesses.  A  solution  of  collodion  has  a  dextrorotatory  action  on  polarized 
light,  e«'lhilo>('  itself  being  apparently  an  Oiitically  inactive  substance.  Thesenitratee 
may  be  tvcouvert^d  into  ceUulose  by  digestion  at  ordin.iry  temperatures  with  an 
aloobolic  solution  of  potassic  sulphydrate,  or  by  the  action  of  ferrous  chloride  : 
they  are  alao  freely  diaaolTod  by  an  aqueooa  aolntion  of  potaaato  hydzate,  by 
which  they  are  deemnpoeed.  A  full  aoooont  of  an  inquiry  Into  the  prooeaaea 
of  manofiMture,  the  composition,  and  the  canaee  which  influence  the  stability 
of  gnn  cotton,  and  into  its  behaviour  as  an  explosive  agent,  will  be  found  in 
Abi  l's  papers,  PA»7.  Trans.,  1S66,  369  ;  1867,  181  ;  1869,  489 ;  and  1874, 

337- 

Cellnlose  is  gradually  altered  by  proloDged  boUing  with  dilute 
hydrochloric  or  sulphuric  add,  but  it  does  not  entirely  withstand 
the  action  of  boiling  water  alone,  and  at  higher  temperatures  it 
is  decomposed  by  water  without  difficulty.  Thus,  according  to 
Hoppe-Seyler  {Deui.  chem.  Ges.  Ber.,  iv.  15),  if  Swedish  filtering 
paper  be  heated  with  water  at  200°  (392°  ¥.),  for  ^4 — 6  hours, 
it  becomes  browned,  while  the  liquid  assumes  a  yellow  colour, 
and  coutaius  glistening  particles  and  hrown  sul)>tances  in  bus- 
pensiou  ;  on  opening  the  tubes  carbonic  anhydritlc  escnpcs,  and 
the  solution  contains  no  iuconsiderabie  quantity  of  t'urmic  acid 
-and  pyrocatecliol. 

Concentrated  hydrochloric  and  sulphuric  acids  dissolve  cellu- 
lose, and  are  said  to  conyert  it,  in  the  first  instance,  into  a  sub- 
stance which  is  coloured  blue  by  iodine  abne,  and  swells  up 
considerably  in  water,  but  without  dissolving ;  a  soluble  modi- 
fication of  cellulose'^  is  next  formed,  together  with  a  dextrin-like 
substance,  having  a  less  powerful  dextrorotatory  action  on  polarised 
light  than  starch  dextrin,  and  if  the  solution  be  largely  diluted 
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with  water  and  boiled,  a  glucose  is  foroied.  We  have  no  certaia 
knowledge  of  any  of  these  products^  however,  for  none  of  them 
have  been  examined  in  the  pure  state.  Ghwd  has  recently 
stated  (Atm,  Chim.  Phys,  [5],  ix.  116)  that,  if  purified  cotton 
wool  be  immersed  for  twelve  homrs  in  sulphoric  acid  of  45° 
Beanm^y  it  does  not  appreciably  alter  in  appearance  bat  if  it 
be  perfectly  freed  from  add  by  washing,  and  dried  at  a  low 
temperature,  it  forms  a  friable  mass  which,  if  rubbed  between  the 
fingers,  at  once  becomes  reduced  to  a  snowy  white  powder ;  this 
product,  according  to  Guard,  has  the  oomporition  C^J^^O^^ 
being  formed  from  cellulose  by  the  fixation  of  the  elements  ot 
water,  and  may  therefore  be  termed  hydroeelluhge.  It  is  said  to 
retain  this  composition  after  desiccation  (at  what  temperature  is 
not  stated) ;  if  heated  for  several  days  to  50°  (j  F.),  it  gradu- 
ally absorbs  oxygen,  and  assumes  a  yellow  colour,  and  on  treating 
it  with  water  a  residue  of  the  unaltered  substance  is  obtained, 
and  a  yellow  solution,  which  reduces  Fcljling's  liquid  ;  it  is  also 
slowly  dissolved  and  decomposed  ou  dige^ition  with  a  1  per  cent, 
solution  of  potassic  hydrate. 

When  uuiMd  paper  u  fduDged  for  a  ftw  leooodi  into  a  mixture  of  equal 
Yolnmes  of  oonoeotreted  sulphuric  acid  and  water/  then  washed,  fint  with  watffl*. 

then  with  dilute  ammonia,  and  lastly  with  water  again,  it  acquires  considerable 
toughness,  in  consequence  apparently  of  the  conversion  of  the  outer  surlace  of 
cellidose  into  a  subt^tance  by  which  the  fibres  arc  cemented  together.  A  con* 
oentrsted  lolutioD  of  zinoio  chloride  has  a  similar  action.  Paper  thne  prepared 
18  known  vnder  the  name  of  vegeUble  parohment*  from  ile  reeemblanoe  to 
parchment  in  tough  nosg  and  appearance ;  it  has  many  pnwtieal  naeo»  and  may  be 
snbetitated  for  Uadder  aa  a  aeptnm  for  dialyeie. 

Cellulose  is  gradually  altered  by  prolonged  boiling  with 
alkalies,  but  much  less  readily  than  bv  acids.    It  is  said  that  if 

it  be  heated  with  potassic  hydrate  at  160^  (320°  F.),  and  the  mass 
be  dissolved  in  water,  a  solution  is  obtained  from  which  acids 
precipitate  a  substance  having  the  general  properties  of  cellulose, 
but  which  is  soluble  even  in  cold  solutions  of  alkalies.  According  to 
Pcligot,  if  cellulose  moistened  with  water  be  submitted  to  distil- 
lation with  an  equal  weight  of  potassic  hydrate,  methylie  alcohol 
distils  over,  and  the  residue  contains  potassic  oxalate.  A  large 
amount  of  oxalate  is  also  formed  on  heating  cellulose  with  a 
mixtmre  of  potassic  and  socUe  hydrates  *,  this  reaction^  in  fact,  is 
made  use  of  for  the  pxepsration  of  oxalie  acid  on  the  large 
scale  (q.  v.). 

When  subjected  to  destructive  distillation,  cellulose  yields  a 
considerable  amount  of  carbonaceous  matter,  together  with 
carbonic  anhydride,  methane,  methylie  alcohol,  and  aoedc  acid 
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as  chief  piodiicta;  pyiocstecliol  is  also  fomed^  and  doubtless 
oilier  substances  aze  produced.  It  is  scaroelj  necessary  to  point 
out  that  the  products  of  the  destmctiTe  distillation  wood  are 
only  in  part  derived  from  cellulose. 

Little  is  known  of  the  behaviour  of  cellulose  witb  oxidizing 

agents.  It  yields  oxalic  acid  in  abundance  when  boiled  with 
moderatelv  concentrated  nitric  acid  ;  it  is  slowlv  oxidized  hv 
chlorine  in  presence  of  water,  and  also  by  bleacliing  powder 
solution,  and  on  treatment  with  a  concentrated  solution  of  the 
latter  yields  a  small  amount  of  carbonic  anhydride,  together  with 
a  syrupy  mixture  of  substances,  partly  possessed  of  acid  characters, 
soluble  in  water  (Hugo  MilUer).  It  is  also  slowly  oxidized  in 
contact  with  ferric  and  manganic  oxides;  hence  the  destruction 
of  cotton  and  linen  iSsbrics  by  rust  spots. 

Gums — Pectous  Substances —  Vegetable  Mucilage. 

These  terms  are  applied  to  a  variety  of  vegetable  products  of 
the  nature  of  which  at  present  very  little  is  known  ;  they  pro- 
bably^ boweyer,  all  belong  to  the  dass  of  carbohydrates : 
they  are  compounds  of  carbon,  hydrogen  and  oxygen  containing 
'  either  six,  or  some  simple  multiple  of  six,  atoms  of  carbon  in 
their  molecules,  the  hydrogen  and  oxygen  being  present  in  the 
same  relative  proportions  as  in  water. 

(1577)  Arabix,  Metababin,  Pararabin. — According  to  the  researches  of 
Scheibler  [Dt-ut.  chcm.  Gen.  Ber.,  1S68,  i.  58  and  108  ;  1873,  vi.  612)  and 
Beichardt  {ibid.,  1S75,  viii.  S07).  fleshy  roottf,  such  an  the  sugar  beet  and  carrot, 
oootaan  two  carbohydimtot,  metarabin  and  paratabiD,  inaoliible  in  water,  which 
nay  he  rendered  aolal^e,  the  former  by  aUcaliee  and  the  hotter  by  aoide;  pararabin 
is  apparently  not  altered  by  this  treatment,  bat  metarabin  is  converted  into 
soluble  arabin,  wliich  may  also  be  fanned  from  pararabin  by  hiating  it  with 
alknli.  The  following  method  of  pieparins;  arabin  truin  sugar  beet  is  recom- 
mended bjr  Scheibler  : — The  fresh  pulp  having  been  freed  as  completely  as 
possible  ftom  the  juice  bj  pres^ture,  the  pre«e-c«ke  ia  broken  into  fragments,  and 
immeried  for  aeTeral  boon  in  alcohol  (86 — 90  per  cent.  Tr.) ;  the  aloohoUo 
eolation  is  then  ezpmeed,  and  the  residne  again  pimilarl-/  treated.  The  solnUe 
substances  are  thus  almost  completely  removed.  The  dry  mass  is  now  thrown 
into  boiling  water  and  heated  with  it  for  a  short  time;  milk  of  lime  is  then 
added  to  strong  alkaline  reaction,  and  the  whole  heated  for  some  time  in  the 
water  bath.  The  solution  in  then  i^parated,  the  dissolved  calcic  hydrate  pre- 
cipitated bj  carbonic  anhjdride,  the  filtrate  emponited  to  a  small  bulk  in  the 
water  bath,  then  filtered,  rendered  strongly  add  with  acetic  acid,  and  precipiteted 
with  a  large  exctss  of  strong  alcohoL  After  a  time,  the  solution  is  poured  off, 
the  prprii)itato  dissolved  in  a  small  quantity  of  water,  the  liquid  filtered,  if 
necesMary,  and  again  precipitated  with  alcohol;  these  operations  are  several  times 
repeated.  Finally,  the  product  is  dissolved  in  a  small  quantity  of  water,  and 
sufficient  alcohol  added  to  the  solution  to  precipitate  only  a  small  proportion  of 
the  anbin;  after  itaoding  several  days,  the  clear  liquid  ia  qrphoned  off  from  the 
depoaii^  wUch  contains  most  of  the  impurities,  and  the  arabin  remaining  in 
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•oltttion  is  precipitated  by  alcohol.  It  cannot,  however,  be  entirely  freed  from 
aah  ooMtitaento  in  this  nuuinar.  The  amouut  of  arabio  in  beet  variei  gnatij 
in  different  eeaeone. 

When  dry,  arabin  thus  prepared  ha»  the  composition  0„H„0„,*  and  is 

most  of  its  properties  exhibits  the  closest  reseiublante  to  purified  gum  aiabie; 
Its  st)lutioiis  in  water  have  about  the  same  sp.  gr.  as  sohitions  of  cane  su^r  ot 
the  same  strength.  It  does  not  reduce  Fehliug's  solution.  Most  frequently  it 
eierb  a  povorfiil  Umorotatory  action  on  polariaed  light,  but  oeeemmallj  tbe 
prodoct  obtained  in  the  manner  abo?e  deeeribed  haa  a  elight  dextrorotalocj 
action.  It  undergoes  invertion  when  heated  with  dilute  sulphuric  acid,  the 
solution  acqtiirini;  the  property  of  reducing  cupric  salts,  and  of  deviating  the 
plane  of  polari/.iilion  powerfull}'  to  the  ri^iit;  the  prcnliict  consists  of  arabinoste 
(1560)  and  aglucot^e  which  has  not  yet  been  isolated  in  the  pure  state,  but 
ia  apparently  of  lower  rotatory  power. 

FimaUn  ie  prepared  from  beet  or  canot  palp,  freed  from  all  eolnble  matten 
by  liiiriation  with  water  and  alcohol,  by  digesting  it  for  some  hours  with  A 
I  per  cent,  solution  of  hydrochloric  ai  id,  then  lieating  to  boiling,  and  precipitating 
the  expressed  liquid  with  alcohol ;  it  separates  as  a  gelatinous  mass,  or  in 
doccuii.  The  precipitate  is  completely  freed  from  acid  by  washing  with  alcohol, 
and  tfaeo  dried  at  loo*"  (212^  F.).  It  is  a  white  pulverulent  anbatanoe,  of  the 
aame  compoeition  aa  arabin*  which  aweUs  np  in  water,  and  disMlvea  on  beatiag  or 
on  the  addition  of  an  acid,  but  is  reprecipitated  by  alcohol  and  by  alkalies.  It 
is  not  converted  into  arabinose  by  the  action  of  acids,  but  on  warming  it  with  an 
alkali  it  if  gradually  dissolved  and  converted  into  a  sub>tance  having  all  the 
properties  of  arabiii,  amongst  others,  that  of  yielding  arabmose  when  acted  upon 
by  acida  (Beidiardt). 

Gum  Arabic. — ^Thia  snbatance  is  the  dried  exudation  from  t&e  bark  of  varkma 
species  of  Acacieaa  growing  in  Arabia,  Kgypt,  Senegamlna,  Ac  The  appearance 
of  i^xim  is  too  well  known  to  need  descripliun  ;  it  dissolves  very  slowly  in  about  an 
equal  weight  of  water  at  ordinary  temperatures,  forming  a  thick,  glutinous,  slightly 
opalescent  liquid,  having  a  mawkish  taste  :  it  is  a  colloid  substance,  dilfusiug  with 
extreme  slowness  through  parchment  paper,  and  organized  membranes,  Efm 
the  most  carefally  selected  pieces  of  gnm  arable  yield  fivm  3*7  to  4  per  cent,  of 
ash  on  incineration,  consisting  muuly  of  calcic  carbonate,  but  containing  also 
magnesic  and  potiissic  carbonates ;  by  repeatedly  precipitating  a  solution  of  gum  in 
water  acidulated  with  hydrochloric  or  acetic  acid  with  alcohol,  it  may,  however,  be 
almost  entirely  deprived  ot  mineral  matters.  According  to  Neubauer,  gum  thus 
purified  and  perfectly  freed  from  acid  by  washing  with  alcohol,  is  a  milk-white 
amorphons  substance,  which  aa  long  as  it  remains  moist  dissolres  eanly  in  water, 
forming  a  distinctly  acid  solution,  having  the  power  of  liberating  carbonic  anhy> 
dride  from  sodic  carbonate ;  the  solution  is  not  precipitated  by  pure  alcohol,  but 
the  addition  of  the  merest  trace  of  an  jicid  or  of  a  salt  is  suflicient  to  determine 
the  separation  of  the  gum ;  it  is  not  precipitated  by  normal  or  basic  plumbic 
acetate,  except  in  presence  of  ammonia.  After  the  gum  ha*  been  perfectly  dried| 
either  in  the  air  or  at  lOO**  (213**  F.),  it  is  no  longer  soluble  even  in  hot  water, 
merely  swelling  up  in  it  to  a  gelatinous  mass,  but  if  baric,  calcic,  potassic  or 
sodic  hydrate  be  added,  it  gradually  dissolves,  forming  a  solution  which  is  indis- 
tinguishable from  ordinary  gum  :  ordinary  gum,  in  fact,  apparently  consists  of 
calcic,  magnesic,  &>c.,  derivatives  of  the  subslauces  which  constitute  the  purified 


*  The  properties  of  arabin  are  so  totally  different  from  those  of  c^mc  sugar 
and  its  congeners  that  it  may  be  doubted  whether  thia  fbrmola  really  expreesea 
its  composition ;  it  much  more  nearly  resembles  the  dextrins  in  its  properties. 
Scheihler  does  not  state  at  what  temperatoie  hia  arabm  waa  dried. 
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gum.  Gum  may  also  bo  i)uriried  from  minora!  substances  by  snbrnittin*^  a  con- 
centrated solution,  acidulated  with  about  5  percent,  of  hydrochloric  acid,  to  diaiysi*, 
stopping  the  proedM  when  the  whole  cf  the  «eid  has  pas^sed  through  the  dialjMr. 
According  to  fiarfoed  {Jount.  pr.  Chem,  [2],  xi.  186),  the  oonvenion  of  the 
solable  modification  of  purified  gam  into  the  insoluble  variety  depends  not  onlj 
upon  its  purity  and  state  of  drym  ss,  but  also  on  the  treatment  to  which  the  ordi- 
nary gum  employed  has  hocn  previously  submitted.  It  takes  place  more  readily 
when  the  gum  is  heated  in  the  dry  state  before  dissolving  it  in  water,  and  less 
nadily  if  tiie  eolation  of  gam  has  been  kept  for  e  oonridenble  time,  or  has  been 
wanned,  before  adding  aeid  and  precipitating  with  alcohol ;  in  fact,  purified  gnm 
prepared  from  a  solution  of  ^um  arable  which  has  been  kept  for  twenty-four 
bonrs  at  the  temperature  of  boilini*  water  may  be  dried  at  too*^  (212^  F.) 
without  becomin'.^  insoluble,  but  is  converted  into  the  insoluble  modification  at 
higher  temperatures. 

When  oxidiaed  bj  moderatelj  dilate  nitrie  aeid,  gum  arabie  yields  maeie  and 
aaocharie  acids  and  oxidation  products  of  these  latter.  By  beating  il  with  water 
and  bromine  at  lOO**  (212'  P.),  and  neutralizing  tiie  solntion  with  argentic 
hydrate,  etc.,  Hlasiwetz  and  Rarth  (-4;//?.  Clmn.  P/i<rrm.,  cxxii.  1 1 o)  obtained  an 
acid  having  the  same  (VMiiposition  and  tin'  properties  of  the  acid  formed  in  a 
similar  manner  from  milk  t»ugar  (p.  611),  with  the  exception  that  its  rotatory 
power  was*  slightly  greater. 

HH  be  heated  inth  twice  its  weight  of  acetic  anhydride  at  150^  (302^  F.), 
gam  arabic  does  not  dissolve,  but  is  converted  into  a  anbatanoe  which  after  wash* 
ing  with  boiling  water,  and  then  with  alcohol,  forms  a  white  amorphous  powder, 
which  is  converted  by  alkalies  into  soluble  j^iim ;  it  has  the  composition 
C.H,(C,H,0,),0,.  By  hiating  at  180°  (356''  F.)  with  a  greater  excess  of  the 
anhydride,  a  pentaeetate,  Cj,H  (C,H,0,)0,,  having  similar  properties,  ia  formed 
(Schiltienbergf«r,  ihid.,  dx.  80).  AltJiongh  gnm  exhibits  marlced  acidcharaetert, 
the  number  of  hydrogen  atoms  in  it  which  can  be  displaced  by  metal-  i>  very 
small  :  thux,  according  to  Ncubauer,  the  calcium  derivative  formed  by  bailing  a 
solution  of  purifiinl  gum  with  excess  of  calcic  hydrate,  and  i)re<'ipitating  with 
alcohol,  when  dried  ut  100°  (2 12°  F.),  has  the  composition  CaU(C,IIyjOJ^. 

Purified  gnm  anbio  dried  at  loo**  (2 1 2*^  F.)  has  the  composition  C^H^Oj^, 
hot  jodgbg  from  its  properties,  it  is  not  improbable  that  it  is  incompletely  deprived 
of  the  water  of  hydration  at  this  t<'mperature,  and  that  in  the  anhydrous  state 
its  composition  is  represented  by  the  fbrm\ila  (f',iH,oO,)n'  It  is  unUDubtL'dly  a 
mixture  of  several  carbohydrates.  According  to  Scheibler  {Deuf.  r/it)n.  Ges. 
Ber.t  vi.  612),  it  yields  the  same  products  as  sugar  beetarabin  on  treatment  with 
snlphnric  acid,  but  the  various  kinds  fomish  different  amounts  arabinoae,  and 
also  act  diflerentiy  on  the  polariaed  ray  both  befm  and  after  inversion.  The 
resalts  which  Scheibler  obtained  in  the  case  of  a  number  of  samples  of  eommer~ 
cial  crnm  arabic  are  oxhibitcd  in  the  following  table: 


Apparent 
•p.  rot. 

power 

After  iBveraioii. 

DwRfption. 

Per  oeot. 

Apparent 
■p.n>t.pow«r. 

Caprie  oxide, 
red.  power  of 
prod,  ft-om 
100  pu. 

Gum  Arab.  Levantine  nat.  . 
„      „     Levantine  elect .    .  . 
If     IP    Sennaty  dect^   •   •  • 
„     „     Sennary  in  grania  .  . 
„    Senegal  de  fleuve  •    .    .  . 

350 
350 

279 

3*24 

4'44 
34 

0. 

—  29  2 

-3o°-o 

+  37*-3 

+  46''-i 

-28°-8 

+  46°-! 

+  36^-9 

+  54''-6 
+  73-8 

+  3«^-5 
+  83'-5 

6o*o 

53*4 

483 

509 
6i'i 

791 
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A  relatively  much  larger  amount  of  arabinose  is  obtained  from  sugar  beet 
arabin  thaxi  from  gum  arable,  some  specimens  of  which  furnish  very  little 
anAAoxm,  bat  •  large  qaantitj  of  a  syrupy  "  sogar  it  has  not  jit  beea 
flhown,  however,  that  thia  latter  ia  the  same  whrther  obtained  fiom  npK  beat 
arabin  or  from  gum  arabio  arabin,  so  that  at  preKent  it  is  but  a  mere  goesa  to 
say  that  the  TarioiM  arabina  are  miztorea  of  Uie  aame  ooDatLtuenta  in  different 

pro[)ortion8. 

lu  prepare  arabinose,  arabiu  or  gum  arabic  is  heated  with  dilute  sulphuric  add 
jfor  2—3  houra  on  the  waftar  bath,  the  aolatum  ia  theo  neutraliaed  with  barie 
oaibonateb  the  filtrate  evaporated  to  a  syrup,  and  mixed  with  2 — ^3  Tola,  of 
90  per  eettt  alcohol ;  the  alcohol  is  then  diatiUed  off  from  the  filtrate,  and  the 

residue  concentrated  to  a  syrup.  The  arabinose  gradually  cryt>tallizt's  from  this 
syrup,  and  is  pMrified  by  rccry!>tal1ization ;  its  separation  may  be  facilitated  bj 
the  addition  oi  a  few  cryhtals  of  arubinose. 

Cherry  tree  and  Baaaora  gum,  and  gum  tragacanth,  whidi  are  only  partially 
Bolable  in  water,  are  apparently  mixtures  of  bodies  either  idenUcal  with,  or  very 
doaely  allied  to,  the  soluble  and  insoluble  modifications  of  gum  in  the  so-called 
arabin  and  metarabin,  but  very  little  is  known  of  their  chemical  behaviour 
(cotnp.  Giraud,  Compt.  Rend.  Ixxx.  477).  Gutn  tragacanth  is  the  exudation  from 
the  stem  of  several  specieti  of  Astragalm  ;  according  to  Von  Mohl  and  Wigand's 
inveetigationa,  it  is  not  simply  the  dried  juice  of  the  plant,  bat  is  produced  by  a 
metamorphosis  of  the  cellolar  tiaane,  and  hence  there  can  be  little  doubt  of  iti 
dose  genetic  relation  to  odlolooeb 

Pectuus  Substances. — This  name  has  lx»cn  given  to  a  number  of  aniorphooi 
uncrystallizable  substances  extracted  from  plant  tissues  by  boiling  with  water,  or 
with  dilute  acids  or  alkalies ;  but  ia  all  probability  the  bodies  which  have  loug 
been  known  by  thia  name,  and  to  which  Fremy  in  1848  aaaigned 
formohe  which  represent  them  as  ctmtaining  relatively  much  less  hydrogen  than 
the  carbohydrates,  judgmg  from  the  manner  in  which  they  have  been  prepared 
and  from  tlie  descriptions  given  of  their  properties,  are  in  reality  carbohydrate*, 
and  iJeutical  with  the  subatauoes  previously  described  as  parabin,  metarabin,  and 
arabin. 

,  VegttalU  Mueilage, — At  present  Bttle  ia  known  of  the  aabatancea  pveaoit 
in  anch  large  qoantitiea  in  many  aeeda,  anek  aa  linaeed  and  qnince-aeed,  in  the 
roots  of  the  niarshmallow,  in  the  tubers  of  various  species  o{  Orchis,  Ao^  whidi 
swell  up  with  water  to  a  thick  mucila<^e.  Purified  linseed  raucila<^  apparently 
has  the  empiric  il  composition  Cgllj^Oj,  ;  on  boiling  it  with  dilute  sulphuric  acid, 
a  body  capable  of  reducing  Fehling's  solution,  and  a  gum-like  substance  are  pro- 
dttoed  (Eirchner  and  ToUens,  Atm,  Ckem,  Pkarwi^  dzxr.  205).  Qumoe>aeed 
macilage  also  yidda  these  sabstanoes  when  botlsd  with  anlphuric  acid,  bnt 
together  with  a  considerable  quantity  of  cellulose  ;  Kirchner  and  Tollens  regmrd 
this  latter  as  a  distinct  product  of  the  action  of  the  acid,  and  not  aa  a  moo 
mechanicaL  impurity  (comp.  Sachsse,  op,  ciL), 

ConttiMion  of  the  Carhokydratei. 

(i57<S)  It  will  be  evident  from  the  foregoing  description  of 
the  various  carbohydrates  that  our  knowledge  of  most  of  them 
is  extremely  iniperfeet ;  nevertheless,  suOlcient  has  already  ]>ee!i 
learnt  to  enable  us  with  mueh  probability  to  predicate  the 
probable  character  of  the  relations  which  obtain  between  the 
more  important  members  of  the  group. 
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Judging  from  their  properties,  it  appears  in  the  highest  degree  probable  that 
all  tha  earbolijdnkes,  witii  tha  axaoptioii  of  tiia  ftlttooaea,  oontida  a  greatar 
nomber  of  parbon  atoms  in  their  moleeales  than  these  latter ;  tbaie  can  ba  no  doubt 
movaover,  that  if  the  molecular  composition  of  tha  g^oooaaa  be  represented  by  the 
formula  CJIj^O,,  that  of  the  hij^her  carbohydrates,  as  we  may  term  the  members 
of  the  CjjH^O,,  and  (C\H,,OJ„  ^jroups,  niuat  be  expressed  by  formula  coutaiil> 
ing  some  simple  whole  multiple  of  six  atoms  of  carbon. 

Tha  oooeliuioii  that  the  molaenlar  oompontaoii  of  the  glucoaea  ia  aspreaaad  by 
the  formula  C,H„0,  neoesaarily  follows  from  their  relation  to  the  hezhydrie 
aleobols  mannitol  and  dulcitol,*  which  are  derived  firom  the  paraffin — normal 
hexane  (1546),  The  conversion  of  the  r^luooaea  into  these  alcohols,  how- 

ever, also  serves  to  prove  that  the  six  atoms  of  carbon  in  the  fonner  must  be 
regarded  as  being  in  direct  association  with  each  other  :  while,  on  the  other  hand, 
ftom  tha  axtrama  raadineaa  with  which  tha  higher  oarbuhydratea  are  ultimately 
converted  into  ftlneoaea  by  mare  hydration,  it  most  be  sapposed  that  the  aaverdl 
C,  groups  wbich  enter  into  their  composition  are  but  indirectly  associated 
toirothor  by  moans  of  oxyi^on,  after  the  manner  of  the  hydrooarbon  ladiolaa  in 
ordinary  ether  for  example,  C,Hj.C).C',Hj. 

There  is  little,  if  any,  positive  evidence  as  to  the  number  of  C,groape  which 
are  thna  aaaodatad  together  in  the  variooa  higher  carbohydrataa.  The  aimplaat 
and  apparaotly  moat  probable  hypotheau  in  the  ease  of  the  aacoharona  or  carbo- 
hydrates similar  in  composition  to  cane  su^ar  is  that  they  are  formed  from  two 
molecules  of  glucose  by  the  withdrawal  of  the  elements  of  a  single  molecule  of 
water,  and  that  thorL'!<jiL'  the  formula  t',  ,H.^jO,j  does  not  merely  express  their 
empirical,  but  also  their  molecular,  composition  :  the  formuhe  of  the  two  classes  of 
oompoonda  woold  on  thia  view  be  aa  foUowa: 

QImmsSi  flseohmos* 


*  Miintzand  AttUn  {Compt.  Bend.,  Ixxxiii.  1 2 13)  have  recently  established 
the  identity  of  the  raannitols  obtained  by  the  action  of  nascent  hydroj^en  on,  {a)  the 
optically  inactive  tjlucose  prepared  by  lieatincr  cane  sui,'ar  with  a  small  quantity 
of  water  at  160  (320^  F.),  (A)  the  mixture  of  Icevulose  and  dextrose  formed  on 
invennon  of  cane  aogar  by  acids,  (c)  sucrodextroae,  (cQ  ancrolsvnlose,  and  (e) 
]«vogluco8e  from  inulin.  The  method  they  adc^pted  is  founded  on  the  fact  that 
althoogb  mannitol  alone  is  almost  without  action  on  })oIaruEed  light,  many  of  it« 
derivatives  exhibit  cousiderjible  optical  activity.  The  deviation  fin  scale  divisions) 
caused,  r.  by  an  a()ue()us  solution  contaiuin;^'  ro  i^rams  of  mannitol  alone  in 
100  cc.,  2.  by  a  solution  containing  the  same  amount  of  mannitol  plus  12  8 
grama  of  borax,  3.  by  a  solution  containing  8  grama  <^  maiinital  and  8  grams 
of  aodio  hydrate  in  100  cc,  and  4.  by  a  solution  of  3  grama  of  the  hexnitrato  in 
100  00.  of  anhydnma  alcohol,  were  aa  foUowa : 


aadbotaiu 

Mnmiol 

Mannitol 

ndNaOH. 

beznitrats. 

Mannitol  from  ineetiTe  glncoae   •   •  . 

-ca 

+  231 

-37 

+  127 

gf      „    mvert  sugar    •   •   •  • 

—  0'2 

+  aa*o 

-3*5 

„       „     pore  sucrodextrose     .  . 

-O'l 

+  23-0 

-3'4 

+  ia'3 

M       It    V^^^  sucrolii>vuloae    •  . 

-O'l 

+  21*6 

-3*2 

+  I2'5 

„       M    inulin  glucose  .... 

-O'O 

+  22*0 

-3*2 

+ 12-3 

Diyiiizea  by  Google 


656 


CARBOHYDRATES. 


We  naj  hne  oiitt  ttfeenlaoii  to  the  &et  that  all  the  enMiydnftee  wbon 
oompoeitioii  hat  been  definitely  aMntained  to  be  thai  eipresaed  bj  the  forarak 
C,.TI^H,^  are  verj  soluble  oryalaUine  substances,  whieh  readilj  diffuse  tbroo^ 

colloid  septa,  and  it  is  a  question  as  to  whether  these  properties  may  not  be  coo- 
sidered  to  be  charact«'ristic  of  all  carbohydrates  havinf;  the  same  nioh'cular  com- 
position as  cane  sugar.  It  is  true  that  the  formula  C^U^O^^  haj«  been  asstgoed 
to  two  bodies,  which,  although  very  solnble  in  water,  are  snuMrphous,  and  hdonf 
to  the  daae  of  colloid  anbetaneet— ris.,  aynanthroae  and  arabin,  and  alao  to  eeQo- 
Umm,  whieh  ia  an  amorphous  insoluble  substance:  bat  theae  oompoundri  hare 
been  very  insufficiently  studied,  so  that  it  is  by  no  menus  unlikely  that  they 
may  prove  to  be  carholiydratos  of  the  composition  (('dl^  O,),,,  all  of  which 
appear  to  be  colloid  substances.  But  even  if  the  empirical  coniix>sition  of  the 
two  fifat  mentioned  be  conreoUy  repreamted  by  the  formnia  C^H^O^^  they  are 
probably  bodiea  of  higher  moleenlar  weight  than  cane  aogair. 

The  carbohydrataa  of  which  amylin  (dextrin)  is  the  type,  certainly  contan 
as  many  carbon  atoms  in  their  molecules  as  the  saceharona,  aince  amvUn, 
(C^ll, ,<>.)„.  is  converted  into  araylon,  C,dr.,Ojp  by  mere  hydration;  but  ihc 
fact  that  the  saccharons  are  crystalline,  highly  dijfusible  substances,  whereat 
amylin  i«  an  amorphooa  eolloid  body,  faTonra  tiie  aaenmptian  that  the  moleeiils 
of  amylin  ia  more  complex,  and  that  it  containa  at  least  twice  aa  many  cnhm 
atoms  as  that  of  amylon.  According  as  amylin  is  regarded  as  derived  firon 
a  single  molecule,  or  from  two  moleoiiles«  of  amylon,  it  may  be  reprcaonted  by 
either  of  the  following  formula; : 

0  /  c.H.A  1 0  o  /  1 0 

tcA.0./  "  t  C.U,0,O.C.H,0 J  " 

From  the  results  obtained  by  O'SulUvan,  there  can  be  but  little  donbt  tint 
starch  has  a  very  high  molecular  weight,  and  judging  from  the  proportions  in 
which  amylon  and  amylin  are  formed  by  the  action  of  malt  extract  at  diflerent 
temperatures,  the  most  probable  assumption  would  appear  to  be  that  it  contains 
eitlier  72  or  144  atoms  of  carbon  in  ita  molerale,  according  as  we  regard  am^im 
as  Cj,H.JI,o  or  Cj^H^O,^.  On  the  fiwmer  asanmption,  ita  decomposition  st 
temperatures  below  63°,  between  64*  and  68*— 70*,  and  above  68* — 70*  C,  is 
represented  by  the  following  equations  t 

OJimO^  ^  4OH,  -  4C„H«0„  +  aC..H^O,^ 
t'n".A  +  aOH.  -  2CJ^^S\  +  4C„H,p;„. 
0„H,„0,,  4.    OH,    =      C,,H,,0„  ^  5C„1I«0„. 

whereas  on  the  latter  assumption  we  have  the  following : 

C'u.H^^O^  +  80H.  =  8C„H,0„  +  2C,JI„0^. 
C,„H^O^  +  4OH.  =    4C«H.0„  +  4C«H^0^. 

There  ia  no  evidence  by  which  we  can  form  an  estimate  of  the  molecular 
WOght  of  the  remaining  carbohydrates  of  the  same  t  nipirical  composition  SS 
starch;  from  their  physical  proj)erties  and  behaviour  under  various  circumstances, 
however,  it  would  appear  probable  that  glycogen  and  inultn  are  bodies  of  lowa> 
and  cellulose  a  body  of  higher,  molecular  weight  than  starch. 

It  now  remains  to  consider  the  "  constitution"  of  the  glucoses  or  carbo- 
l^dratea  of  the  composition  C,H,,0,.  From  thmr  general  behavioor  there  esa 
be  no  donbt  that  they  are  closely  related  to  the  hexhydric  alcohols  dulcitol  and 
mannitol,  into  which  several  have  already  been  converted  by  the  action  of  nascent 
hydrogen  (  it  will  be  remembered  that  we  have  pointed  oat  that  these  two 
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alcohols  are  both  represented  by  the  same  formula  (p.  559).  Tho  convernion  of 
sucrodextroae  into  the  compound  C,HyClO(CjH,Oj)^  by  the  action  of  acetic  chloride, 
a&d  iiho  fiffimitioQ  from  the  latter  of  the'compound  C,U,0(NO,)(C,H,OJ^  by 
ihe  aetioii  dt  oitrio  aoid  (p.  580),  indiettai  that  it  mutt  be  regarded  aa  a  posta* 
hydroxjl  derivative  ;  and  the  convcrsioD  of  cane  and  milk  sugar  into  ootaoetatea 
(pp.  600,  6 1  o)  by  the  action  of  acetic  anhydride  serves  in  a  similar  manner  to  prove 
that  sucroljevulose  and  the  dextroglucoses  furnished  by  milk  sugar  on  inversion 
are  also  pentahydroxyl  derivatives.  The  only  formula;,  however,  which  can  be 
MHigned  to  a  body  convertible  like  sucrodexttose  into  manaitol  (or  dnlcitol)  by 
the  addition  to  it  of  two  atoma  of  hydrogen,  and  eontaiiiiogjSeehydrozyl  gronpe, 
thofoUoinqg: 

OH^OH  CH^OH  CHj.OH 

CaOH  CH.OH  CH.OH 

CH.OH  CH.OH  CH.OH 

CH.OH  00  CH.OH 

CH.OH  CH.OH  CH.OH 

6OH  CH..OH  CH,.OH 
I.  IL 


aa  tiiere  are  certainlj  more  than  two  gloeoeee  eimilar  in  eonstitntion* 

to  sucrodextrose,  we  are  forced  to  the  conclusion  that  the  hypothesia  hitherto 
adopted  in  explanation  of  isomerism  is  insufRcient,  not  only  in  the  case  of  the 
alcohols  mannitol  and  dulcitol,  but  also  in  tho  cafe  of  the  closely  related  gluooeee. 
We  shall  have  occasion  again  to  discush  their  constitution  later  on. 

The  first  of  the  above  formula  repreeents  the  glucoses  as  in  part  aldehjfde 
and  in  part  aloohol,  whilat  aooordiog  to  the  eeoond,  they  are  in  part  ketone  and 
in  part  alcohol,  the  gronp  COH  (fonnyl)  being  that  which  is  characteristic  of 
all  aldehydes,  and  the  group  CO  (carhouyl)  that  which  is  characteristic  of  the 
ketones.  The  first  formula  is  that  which  is  grenerally  assio-ned  to  sucrodextrose 
and  its  conjj^eners,  and  on  the  whole  is  more  in  accordance  with  the  behaviour  of 
the  glucoses  than  the  second ;  but  too  little  ia  known  at  present  of  the  glucoaea 
ferna  to  state  that  all  moit  be  represented  by  it;  and  even  supposing  that  they  axe 
all  pentahydric  derivatives  of  normal  hexane,  which  is  by  no  means  an  eeta^ 
blished  fact,  although  it  is  pro\)able  that  the  majority  are,  it  is  quite  ]X)j)sible  that 
the  one  formula  is  applicable  to  some  of  them,  and  that  the  other  is  applicable  to 
the  remainder.- 

Inasmuch  as  cane  and  milk  sugar  furnish  octacetates  when  submitted  to  the « 
aetion  of  aoetio  anhydride  in  eicess,  it  would  appear  that  the  fimnation  of  the 
saooharonM  from  the  Klnooses  is  the  result  of  the  withdrawal  of  the  elements  i^a 

molecule  of  water  from  two  molecules  of  glucoite  in  sucli  a  maimer  that  each 
molecule  of  glucose  has  one  of  its  hydroxyl  «,'roups  removed;  the  relation  of  the 
saccharons  to  the  glucoses,  supjmsing  the  latter  to  be  aldehydic  compounds,  may 
therefore  be  expressed  by  the  following  furmulse : 

CA(OH),COH  0{^.;|.|0«V^«2 
Qlooofe.  SMdMNa. 

A  very  large  nnmber  of  iHomeric  saooharona  would  appear  to  be  possible,  for  it  is 
conceivable  that  the  snme  two  glucoses  may  give  rise  to  a  variety  of  saccharons  ; 
but  this  question  cannot  at  present  be  usefully  discussed.  The  j^reat  difference 
in  the  behaviour  of  the  glucoses  and  of  the  saocharons,  especially  cane  sugar, 
with  Fehling's  solution,  seems  to  alfovd  an  afgument  against  the  conclusion 
tiiat  the  saoeharons  are  also  aldehydio  eomponnds  aa  indicated  by  the  above 
Honnnlas  it  most  he  fememhered,  however,  that  we  have  no  knowledge  of 
8  vv 
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the  manner  in  which  Fahling't  solatlon  acts  as  an  oxidizing  a£^nt,  fiv  it  U  Ml 
improbable  that  its  action  is  quite  dilFeront  from  that  of  ordinary  oxidizing 
agents.  Thus,  the  Reparation  of  cuprous  oxide  inav  be  the  result  of  the  deoom- 
positioii  of  a  cupric  derivative  uf  thd  carbohydrate,  and  may  not  be  caused  by  the 
•inple  withdrawal  of  oxygen  by  the  ourbohjdnte  from  the  oaprie  nit  employed. 

The  earbohydratee  of  the  eompontioB  (C,H„0,)b  eppeer  to  eontaia  tbne 
hydroxyl  {groups  for  each  six  atoms  of  carbon,  since  they  all  fariUih  triaettotw 
on  treatment  wifh  acetic  anhydride.  This  fact  is  of  considerable  importance,  as 
it  enables  us  to  form  an  idea  as  to  the  manner  in  which  the  several  trfoup*  of 
which  they  are  composed  are  '  held  together.'  The  mott  probable  formula 
whieh  can  be  aligned  to  amylin  (dextrin)  ii  the  following  : 

/  C.H.pHKOHLO.C.H.(COH)(OH). )  ^ . 
^  \  C.H.(COH)(OH)^O.C.H.(COU)(OH),  / 
that  is  to  iay,  it  may  be  regarded  a«  formed  firom  two  moleeolea  of  a  aaoebaron,  in 

the  same  way  that  the  lattsr  is  formed  from  two  molecalea  of  a  glucose.  The 
formyl  groupa  of  tlie  glucose  molecules  from  which  it  is  primarily  derived  are  repre- 
sentt'd  as  being  still  intact,  but  in  the  case  of  the  higlier  members  of  the  group  it 
is  nut  unlikely  that  the  formyl  groups  also  undergo  a  modification  similar  to  that 
whidi  we  are  led  to  rappoee  takes  phm  in  the  eoiifenioii  of  aUkbydea,— sneh  m 
acetic  aldehyde, — into  polymerides,  the  mitoie  of  whieh  will  be  undefitood  m 
reforenoe  to  the  ibrmaliB  of  acetic  aldehyde  and  of  its  poljmeride,  paraldehyde  t 

CH,  CH, 
I  I 


CH 

ho 


CH  —  0  —  CH 


CH 
I 

CH 

Acttio  sUikydt.  Pmldehjda. 


Starch  maybe  regarded  as  resulting  in  this  manner  fi-omtheassociation  of  seven! 
amylin  molecules,  and  supposing  it  to  have  the  composition  C,^Hj^Ojj^  the  follow- 
ing formula  is  that  which  is  most  in  accordance  with  its  general  behaviour: 

.0(0H), 


0  i  '^^"^^ 

I  c.ii/ 
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^  1  C.U.(OH).  O.C.H,0(OH),  ;  " 

CH 

0  ^CH— D 

/  I 

P— CH  0 

\  I 
0  CH— D 
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^  {  §5{kSb6^*qIh^^^     }  ^ 

fC.H,0(OH)J 
^  \  C.H,0{OH), 
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In  ihU  formula  the  letter  D  represents  a  molecule  of  amylin  (dextrin)  minus  one 
of  itt  OOH  groups. 

Nommeiaiiire»~~Jliiherto  names  have  been  apsignecl  to.  the  carbohydrates  in 
■O  urUtnury  a  manner  that  they  do  not  affined  tlM  slightest  indication  either  of 
the  composition,  or  of  the  position  in  the  group,  of  the  botlies  to  which  they 
refer.  But  if,  as  in  the  case  of  other  group«  of  compouTids,  a  certain  termination 
be  restricted  to  a  certain  clasti  of  carbohydrates,  the  name  will  tlieu  allbrd  con- 
siderable iDfiMrmatkm  with  regard  to  ihe  oompoiuid  vbiob  it  deeignatos.  That 
it  would  appear  desirable  to  reetriet  the  termination  ae  exclusively  to  the 
gflneotet  or  carbohydrates  of  the  composition  CJ9„0, ;  the  termination  on  nay 
conveniently  be  employed  for  the  .vn^r^aron.?  or  carbohydrates  of  the  composition 
CjjH^jOj,,  which,  like  cane  sugar,  furnish  two  molecules  of  glucose  on  inversion; 
bodies  which,  like  amylin,  fiumish  a  saccharou  on  hydratiou  may  be  distinguished 
by  fha  terminalnm  im;  and  terminations  sneh  as  en  and  an,  Ao.,  might  be 
employed  for  the  still  more  complex  csrbohydratss,  snch  as  slaroh,  oelluloae,  Ac 
The  employment  of  the  vowels  in  their  natural  order  would  thu^  serve  to  indicate 
the  position  of  the  carbohydrate  in  the  series ;  but  on  account  of  our  imperfect 
acquaintance  with  tlie  composition  of  these  bodies,  it  is  obviously  desirable  to 
podtpoue,  lor  the  present,  the  systematizatiuu  oi  their  naiues. 


§  XIV.  The  Thio-alcohols  or  Mebcaptans. 

(1578)  These  compounds  bear  tlie  same  relation  to  the  alcohols  that  the 
metallic  hydroxides  or  hydrates  bear  to  the  metallic  hydrothiouides  or  sulphy- 
drates ;  and  just  as  the  sleoholB  may  be  regarded  as  derived  from  water,  eo  the 
tluoaleohob  may  be  regarded  ae  derived  from  hydrogen  sulphide: 


H.OH 
Water. 


C,H,.OH 


H.SH 


BOjUealsohoL 
The  IbUowing  are  known : 


HydrogoD  nlphide.     Thio^tbjlle  deohoL 


TkioalcohoU  t^tht  C„Hj„  +  ^.SH  Series. 

Formata.  M .  P.  °  C.   B.  P.  °  C. 

l^iiomethylic  alcohol  ....    HS.CH,  liquid  21" 


Thioethylle 
Thiopropylio 

Thioisopropyfie 

Thiobutylic 

Thioisobutylio 

Tliioamylic 


It 
n 
» 


HS.C,H, 
HS.CH,.CH,.CH, 

HS  CHiC'H  )^ 
HS.CH,^.C11,CH,.CH, 


»» 
» 


97°- 93' 
about  120° 


Thioallylic  aleohol    ....   H8.CH,.CHi:2CH,  liqnid    aboat  90' 

TkioalcohoU  <^tU  C„H»^_..SH  a/»<i  C,H|,.„.SH  Seriet. 

liquid 


Thiophcnol  . 
Thiobenxylic  alcoh<^ 
Thioparacresol  . 
Tbiometacresol 
Thioorthooreaol 
Thiooamcrbl  • 
Thiothymol 
Thio-a-naphthol 
Thio-^-uaphthol 


HS.C.H, 
HS.C,U,.CH, 


(  43' 

\  liquid 

I  '5' 


} 


»• 
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ThioalcohoU  of  the  C„H^(SH),  and  C„H5„.8(SH),  SertM. 

F«ran)a.  V.P.*C  B.P.*C 

Thiogljcol  C^4(SH),  liquid  — 

Si;r„r':  :  : :  :  {% 

TUoaleokoU     the  C„H,„.,(SH),  Sen'es. 

Thioglyoerol  C,U,(SU),  liquid  .  — 

Preparaiion. —  i .  6j  heating  together  the  haloid  dtrinliifM  of  bydrocarbons 
and  potattHo  Bolphydrate  in  alcoholic  aolatioas  thm: 

C\up  +  KSH  =  C  H^.SH  +  KCa. 

Ethylic  chloride.  Thioetnylic  doohol. 

C,H^Br,  +  2KSH  =  C  HiSH),  +  2KCI. 

This  meUiod,  however,  is  not  available  for  the  prepantion  of  the  ihioalooholo 

corresponding  to  the  phenols.  Moreover,  it  has  the  objection  that  the  prodnot 
is  always  more  or  less  contaminated  with  the  corresponding  thioetber,  the  fonoft* 
tion  of  which  is  explained  hj  the  folloiring  equations  : 

('  II  SU  +   KSH  =  C.Hj.SK  +  SH,; 
C,H,.SK  +  C,H,Cl  =  (C3,H,),S  +  KCl. 

B\'  distillincr  a  concentrate  1  solution  of  potassic  Bulphydrate  with  the  mIIa 
tunned  by  neutraiiziug  the  acid  ethereal  sulphates  with  calcic,  potassic  or  sodic 
carbonate : 

C  H  KSO  +  KH8  »  C,H  .8H  +  K,SO,. 

Potaasfc  ethylic  sulphate.  Thioethjllc  1 "  "  " 


3.  Bj  distilling  the  alcohols  with  phosphoric  pentasulphide.    According  to 

Carius'g  researches,  however,  the  formation  of  thioalcohols  in  this  manner  ia  not 
the  result  of  the  direct  displai-enient  of  the  oxy<;en  of  the  alcoiiol  by  sulphur, 
but  is  a  coniiequence  of  the  decomposition  of  one  of  the  products  of  the  action  of 
the  pentaralpbide  on  the  alcohol,  whidi  takes  place  in  accordance  with  tbe 
equations 

5R'.0H  +  PA  =  aSH,  +  PSO,R',H  +  PS,O^V 

4.  By  the  action  of  nascent  hydrogen  (zinc  and  sulphuric  or  hydrochloric  acid) 
on  the  acid  chlorides  derived  from  the  sulphonic  acids  ;  this  method  has  hitherto 
been  employed  only  for  the  preparation  of  thioalcohols  corresponding  to  tbe 
phenols,  naphthoic,  and  orcinols : 

C,H,.60  C1  +  6H  =  C^H  SH  +  HQ  +  20H^ 
BmsDSMilphoiile  ohlorldt. '  TnioplMiioL 

A  portion  of  Uie  chloride  ia  liaUe,  if  the  temperatore  rise  to  100''  (212°  F.),  to 
nndergo  conyersion  into  the  anlphonic  acid  by  the  action  of  the  water,  and  thnn 
to  escape  leduetion,  as  nascent  hydrogen  is  without  action  on  tlie  sulphonic  acids  ; 
this  loss  may  be  avoided,  according  to  Schiller  and  Otto  (Deut.  chem.  Get. 
Brr  ix.  15S7),  by  fust  <-on verting  the  suipho-chloride,  K'-SO^Cl,  into  the 
pAinic  acid  (q.  v.),  K.SO,H,  and  nubmiltiog  thi^i  latter,  or  one  of  its  salt^  to  the 
action  of  nascent  hydrogen. 

Pr«»per/tet.-- 'Hie  thioalcohols  are  mostly  colonrlesa  or  yellow  liqaids  of 
extremely  unpleasant  odour,  almost  insoluble  in  water.  Those  corresponding  to 
the  monohydric  alooho1«  are  bodies  of  considerable  stability,  distiHin<5  without 
undergoing  any  decomposition,  but  the  stability  diminishes  as  the  number 
of  8H  groups  increase**.  They  furnish  metallic  derivatives  with  much  greater 
readincei  than  tbe  alcohols,  the  hydrogen  of  the  8H  group  being  displaoeable  not 
only  by  <1m  more  poeitiTe  loetabt,  bat  alao  by  the  less  poeitive  metals  eapecially 
by  tfaoae  wbieb  are  precipitated  as  enlpbidea  bom  acid  soltttioos  of  their  nlte  Ij 
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sulphuretted  hydro<^en.  Thus,  on  shaking  their  alcoholic  sol utiona  with  mercuric 
oxide  the  corresponding'  nu'nury  derivative  is  formed  with  considerable  develop- 
meat  of  heat,  usually  Heparutin*^'  in  the  crystalline  state;  for  example: 

2(V1,.SH  4-  H'rO  =  (C,H,.S)jrg  +  OH,. 
If  the  undiluted  thioalcohol  be  employed,  the  action  is  extremely  violent  owing 
to  the  heat  developed.   On  fhie  aocount,  the  thioelcohoU  hftTO  been  termed 
m«rcaptan$  (from  meremric  opIiMi),  end  their  nieUIHc  derivailTee  era  often 
qpoken  of  ee  mereaptides. 

On  mixin*' their  alonliolic  solutions  with  an  alcoholic  solution  of  mercuric 
chloride,  many  oi'  the  tliioalcobols  furnish  difficultly  soluble  precipiUites  of  com- 
pounds formed  by  the  displacement  of  the  hydrogen  of  the  SH  group  by  the 
group  (HgCl).  thioethjlic  alcohol,  for  example,  yielding  a  precipitate  of  the 
oompoeition  C,H,.S(HgCI). 

Theie  metallic  derivativee  of  the  thioaloohols  are  mostly  stable  in  presence 
of  water ;  many  of  them  are  more  or  less  readily  dieaoWed  by  hot  aloohcd,  £rum 
which  they  sppanitv  in  crystals  on  cooling. 

The  tluoalcohols  are  also  distinguished  from  the  alcohols  by  their  beliaviour 
on  oiidsUon  with  nitric  acid,  whereby  they  are  finally  converted  into  sulphonie 
atidig  thus: 

C,H  .SH  4-  3O  --  C,H.SO,H. 

Tbioelhylic  alcohol.  Ethylsulphonic  ai-id. 

('579)  TniOETHYLiC  alcohol;  FAhi/Iic  sulphtfdrate  or  Mevcnptiin  : 
CgH^.SH. — This  compound  may  readil}'  be  prepared  by  the  first  and  second  of 
tm  metfaodi  abote  deecribed.  It  ia  a  colourless,  very  mobile,  iuflammable 
Hqnid,  havingf  a  moet  offeneive  alliaoeone  odour,  of  the  ep.  gr.  '8325  at  21** 
(69'*8  F.) ;  it  boils  at  36°  (96°-8  F.).  It  ia  neitti-al  to  vegetable  colour^  very 
glaringly  soluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether. 

Tlie  potassium  and  sodium  derivatives,  which  may  be  obtained  in  the  pure 
state  by  the  action  of  the  metals  on  the  mercaptan,  dissolve  readily  in  water,  • 
fiirming  alkaline  eolations  in  oonsequeuoe  of  their  partial  decomposition,  and 
th^  an  aleo  deoompoaed  by  boiling  with  aleohol  (Claeseon,  J<mm,  pr*  Clem. 
C'X  ^*  193)'  "^^^  metallic  deritratiTea  containing  the  less  positive  netale 
are  sparingly  soluble  in  water,  and  are  far  more  stable  bodies.  Tho  mercury 
derivative  (CJl^.S)  Hj;,  crystallizes  in  white  lustrous  scales,  which  nu  ll  ;it  86"* 
(l86°*8  F.).  It  is  not  decomposed  by  an  aqueous  solution  of  potassic  hydrate,  nor 
bj  ^nte  hydrochloric  acid,  the  latter  of  which  dissolvee  it  slowly  at  the  boiling  tem- 
peratove  and  depceita  it  again  on  eooling;  it  ia  deoompoeed,  however,  bjedphoretted 
hydrogen  in  accordance  with  the  equation  :(C^,.S),Hg+  H^S^  aCjH^.SH  +  IlgS. 

When  boiled  with  moderately  strong  nitric  acid,  thioethylic  alcohol  is 
ultimately  converted  into  ethylsuphonio  acid,  CjHj.SO^H.  According  to  Friedel 
and  Ladenburg  {Ann.  Chem.  Pharm.  cxlv.  189),  bromine  decomixoses  it  in  the 
mannerrepresented  by  the  equation:  2C,U  .SH  +  3Br,  =  2C,H,Ur  +  ^,13r,  +  aUBr. 
Bj  heatmg  with  enlphnr  to  150^  (302  F.)}  it  ia  eonyerted  into  the  dienlphide 
(Mnller,  Journ.  pr.  Ckem.  [2],  ir.  39)  ;  »C^,.SH  +  S  =  (C,H,),S,  +  H,S. 

Potassium  and  sodium  mercaptides  are  powerful  reducing  agents,  and  readily 
absorb  oxygen  ;  in  the  presence  of  water  or  alcohol  they  are  thus  converted  into 
the  disulphide  (C,Hj)j8,,  but  if  exposed  to  air  in  the  dry  state  they  furnish 
eorresponding  salts  of  ethylsulphinic  acid,  C,11^.S0,U  (Claesson). 

The  thiMloohole  homdogona  with  thioethylie  alcohol  have  been  very  im* 
perfectly  inveetigated.  Tkiomethylic  aleohol  has  been  deaeribed  by  Gregory 
(.^iM.'  Chem.  Phann.  xv.  239) ;  its  mercury  derivative  crystallizes  in  shining 
laminie,  which  melt  above  100^  (212°  F.).  Thiopropylic  alcohol  ha.s  been  in- 
vestigated by  Romer  (Deut.  chem.  Get,  Her.  vi.  786);  its  mercury  derivative 
Belts  at  68°  (154^  4  F.).    The  isomeric  thiauopropylic  alcohol  has  been  de- 
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scribed  by  Clans  (if'i<f.  v.  659  ;  viii.  532);  it  is  converted  into  isopropylsulphonic 
acid  by  oxidation  with  nitric  acid,  but  on  oxidation  with  chromic  acid  ityieldsa 
body  which  is  apparentiy  identical  with  the  du}>lothioacetonef  C,Hj^,,  obtwned 
by  the  adaon  of  trisolphideof  phosphonMMiaoetoiie.  TkkitajfUc  aUoid  (Am, 
Chem.  Fkarm,  thai,  251  ebuv.  351),  ikioitobuiflie  aleohd  cormpondiag 
to  wopriinary  butylio  tMuA  {ibid.,  xcv.  256),  and  »  miztare  of  the  two 
th'wamiilic  alcohols  corresponding;  to  the  two  lermentation  amylic  alcohoU,  an 
the  only  other  thioaloohcls  of  the  C„H,.„  +  ,.SH  hf-rifs  hilht-rto  prepared. 

Ihioallj/lic  alcohol,  according  to  lloluiann  and  Cahours,  closely  resembki 
tlw  tliioaloohob  of  the  CJA^  ^  ^.SH  series  in  its  propertiea. 

(1580)  Thiophbhol;  Pkenylic  tulphydrate  or  FhmjflmercapioM : 
C,H,.SH. — This  compound  is  best  prepared  from  benzeoeanlphonic  chloride  by 
Schiller  and  Otto's  method  (p.  660).  It  is  obtained  also  in  considerable  quantity 
as  one  of  the  producti*  of  the  destructive  distillation  of  soclic  benzenesuiphonat*, 
C,Hj.SU,Na  (Jjteuhouse,  R.  Soc.  Froc.  ivii.  62),  and  by  the  action  ol  pliosphonu 
aaiphide  on  phenol.  ThiopheDol  ie  a  colourless,  highly  refiiafltifa  liquid,  having 
an  aromatfo,  aomowhat  aUiaoeona,  hot  bj  no  ueaiia  c^oiimto  odoor,  if  pan ;  it  boib 
at  1 7  2*"- 5  (3 4 1  "'6  F.)  (StenhooM).  It  readily  furnishes  raetaUie  darivatiTfla  { thi 
metoory  deiiv  ative  crystallizes  from  aloohcd  in  white  needles. 

Tbiophenol  is  especially  characterized  by  the  readiness  with  which  it  under- 
goes conversion  into  the  disulphide  (C,H^),S,.  This  change  even  takes  plsce 
when  it  is  exposed  to  the  air  in  imperfectly  closed  Tesaela  (Stenhooas) ;  abo 
whoD  it  b  gently  heated  with  nitrio  add  of  ap.  gr.  1*2,  whan  ibi  aolntion  ia 
ak»holic  ammonia  b  aUowed  to  evaporate  spontaneously  (Vogt),  or  when  iti 
copper  derivate  is  exposed  to  the  air  in  a  moist  state  (Stenbouse) ;  when  it  is 
submitted  to  the  a^^-tion  of  sulphuric  acid  (Stenhouse),  or  of  sulphuric  anhydride 
(Schiller  and  Otto)  ;  and  when  its  sodium  derivative  is  acted  upon  by  iodiue,  or 
chloride  or  iodide  of  cyanogen  (lliibner  and  Alaberg;  Clemm;  Henry).  Ibt 
.  diadphida  ia  alao  prodooed  on  heating  a  miitnra  of  thiophonol  and  benienenl' 
phinic  acid  at  100°  (212''  F.)  (Schiller  and  Otto,  DeuL  eAaw.  Qm*  Btr,  ix. 
1588) :  3C,H,.SH  ^  C.H^.SO.H  =  2(C,H,),S,  +  2OH,. 

Parahromothiophenol,  C^H^Br.SH,  obtained  by  reducing  parabroraobenzene- 
sulphonic  chloride,  crystallizes  in  naphthalene-like  plates,  which  melt  ^ 
75°  (167°  F.) ;  on  expo8ure  to  the  air  it  slowly  oxidizes  and  is  converted  into tlN 
sulphide  (C,H,Hr),S,  (Haboar  and  Alaberg,  Anu,  Okem,  Pkarm,  dyi.  327). 

( 1 5  S I )  Ti(  lOBBNZTLic  ALCOHOL  or  Benzjflic  iulpkydraU :  C,H^.CH,.SH, 
obtained  by  the  action  of  benzylic  chloride  on  an  alcoholic  solution  of  potanie 
sulphydrate,  is  a  colourless  strongly  refractive  liquid,  which  greatly  irritates  the 
eyes,  and  has  a  most  unpleasant  alliaceous  odour;  it  boils  at  194° — 195* 
(38i°'2 — 383^  F.).  Its  mercuric  derivative  crystallizes  from  alcohol  in  long 
needlaai  It  rapidly  ozidiiea  on  azpoanra  to  the  av ,  beug  converted  into  the 
dianlphide  (aH,CH^,8^  which  ia  also  Ibnned  from  it  on  adding  bromine  to  ill 
etheraal  solntian  (Miircker,  ihiJ.  cxxxvi  75  ;  cxl.  86). 

The  remaining  thioplu  riols  closely  resemble  thiophenol  itself  in  their  proper- 
ties. The  thiocresoh  have  been  described  by  JIarcker  (/or.  cit.),  Post  and 
Miiller  clxix.  30,  51)  i  thiocarvacrol  and  thiothi/mol  by  Fittica  [Aid, 

dsdi.  325 ;  Dwt,  ekem  Cht,  Ber»  li.  941),  FUach  {ihid,yl  478), Bodarimfg 
{ibid.  vi.  669),  and  Beehltr  {J(mm,fr,  Ckm,  [2],  viii.  167). 

(1582)  THiONAPnTHOLS  :  C,^8H.— Ifaikopar  (Zeits.  Chem.  [2],  v.  710) 
has  prepared  the  thionaphthols  correspondinp^  to  a-  and  /3-naphthol  by  re<lucing 
the  chlorides  of  a-  and  jS-naphthalenesulphonic  acids,  but  they  have  ecarcel/ 
been  examiuinl. 

(15^3)  Thiooltcol:  C,H,(SH),.— Thia  oomponnd  ia  obliinad  hj  the 
aetionof  eUgrlenioohlorideonpotaaaieaalp^         It  ia  eaid  to  be  a  oohMdM 
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Iiqaid,  which  is  partially  decomposed  by  distillation.  A  body  intennediate  in 
com{)osition  between  thioglycol  and  glycol,  and  which  therefore  Ls  represented  by 
the  formula  HO.C,H^.SH  ha«  been  obUiined  by  Carius  {Ann,  Chem.  Fharm.t 
9ixm,  357)  by  heating  the  ehlorhydrin  C,II^C1.0U  with  an  alooholio  Mbtuu 
of  potaaate  anlpiiTdrata.  It  ia  a  eoloorleaa  liquid  of  tfaa  MNwiataiioe  of  glj«il« 
■paringlj  solable  in  water,  having  a  ftint  odour  like  that  of  thioethylic  alcohol } 
on  oxidation  with  nitric  acid  it  is  converted  into  oxyetbykulphonio  or  isethionic 
acid,  C,H^(OH).S()jH.  On  boiling  its  alcoholic  solution,  sulphuretted  hydrogen 
hf  evolved,  and  the  analogue  of  diethylenic  alcohol  (CjH^.OH),S,  is  produced. 

(1584)  Thio&bbobcinol  and  Tuioquimol:  C,H^(S1I),. — Thaaa  oobb*- 
jpoonda  ana  obtauad  bj  radnmng  tha  chloridaa  of  tbe  oomapoBding  btDBana*- 
diaolphooie  adda  (Panohke,  Joum.  pr.  Chem,  [2],  ii.  418;  Korner  and 
Monselise,  ^ourn.  Chem.  Soc,  1877,  i.  80).  They  are  both  crystalline  sub- 
stances, and  readily  yield  metallic  derivatives ;  the  former  has  an  aromatic  odour 
reaembling  that  ol  some  species  of  geranium,  whilst  the  latter  has  an  odour  distantly 
naembling  that  of  the  tropaolum.  The  colourless  crystals  of  thioquinol  beoome 
ondind  on  flipoanra  to  the  air,  and  torn  jdloir. 

(1585)  Thiooltcbbol  :  C,H,(SH),.—Thia  compound  ia  obtained  from  the 
a*trichIoropropane  formed  by  displacing  the  three  OH  groupe  in  glycerol  by 
chlorine,  by  heating  it  with  an  alcoholic  solntion  of  potassic  sulphydrate.  Com- 
pounds intermediate  in  composition  between  it  and  glycerol  have  been  prepared 
in  a  aimihu:  manner  from  the  chlorhydrina  C^,C1,0H  and  C,II,Cl(OH),(Cariua, 
Amm*  C^em.  PAarm^  eudt  72;  cm.  322). 

These  bodies  are  •jmpy  liquids  of  unpleaaant  odoor^  aolnble  in  aloobol,  very 
sparingly  soluble  in  water,  insoluble  in  ether.  They  enter  into  reaction  with 
metallic  oxides  and  various  metallic  salts,  forming  derivatives  in  which  only  the 
hydrogen  of  the  SIl  groups  is  displaced  by  metals.  They  are  dtcoioposed  by 
beat,  thioglycerol  yielding  thioglycide,  C,H,S.SH  =  C,lij(SH),- SH, ;  while 
move  complex  prodoeta  are  obtained  from  tboae  oontuning  less  sulphur,  owing  to 
their  losing  the  elementa  both  of  water  and  aolpharetted  hydrogen.  Their 
behaviour  on  oiidation  appean  to  be  aimilar  to  that  of  ether  thioalooholiL 


CHAPTER  Vn. 

ZaS  STU8B8. 

§1.  7?ke  Ethan;  —  §  H.  The  Eiher-Alcohoh }  —  ^  UL  T%e 
Ohtcosides ;  —  §  IV.  7%e  Tkioethei-s,  Selenides  and  TeUurides. 

The  ethers  are  the  anliydrides  of  the  alcohols,  to  which  they 
bear  the  same  relation  that  the  metallic  oxides,  such  as  sodic 
and  calcic  oxide^  bear  to  tbe  corresponding  hydroxides  or  hydrates ; 
thus : 

Na.OH   •      Na.O.Na         CfiyOU  Cs,H,.O.C,H, 

hydroxide.  Bodio  oxide.  EtbjUc  al(K>hol.  £thjHc  ether. 


Ca(OH),  CaO  C,H^(OH),  C,H,0 

Pr^foraHon, — i.  The  ethm  oonetponding  to  the  mono- 
li^drio  akoholfl  axe  obtained  by  the  actoi  of  the  monohaloid 


Diyiiizea  by  GoOgle 


664 


■THBM. 


deriyatives  of  the  hydrocarbons  on  the  potassium  or  sodium 
deriTatiyes  of  the  alcohols ;  for  example : 

CsH,.ONa  +  C,HJ  =  CjHj.O.CjHj  +  Nal. 

Sodium  etbozidfi.       Ethjrl  iodide.  Ethjl  etlter. 

If  the  metallic  derivative  of  the  alcohol  and  the  haloid  hydro* 
carixm  deriratiTe  contain  the  same  radicle^  as  is  the  case  in  the 
example  here  quoted^  so-called  »m^le  tihera  are  formed ;  but  if 
the  radicles  are  isomeric,  homologous,  or  isolx^jons,  miatd  ethers 
result,  the  formation  of  several  of  which  is  illustrated  by  the  fol- 
lowing equations : 

Cyi/.ONa  H-  =  CgH^-.O.C.H/  +  Nal. 

C2H..0Na       CH3I  =  CH3.O.CJL  +  Nal. 
CjHj.ONa  +  CH^I  =  CjHj.O.CH,. 

The  preparation  of  the  homolognes  of  tflfajl  ether  (sod  probably  of  the  higher 
ethers  of  other  teriee)  bj  this  method  baeomes  more  and  more  difficult  as  the 
series  is  ascended,  on  account  of  the  conversion  of  the  monohaloid  paraffin  into 
the  correspondinLj  olefine  under  the  influence  of  the  metallic  derivative  of  the 
alcohol ;  the  tendency  to  undergo  this  deoompositiou  not  only  incruaj^oH  at>  the 
series  it  aaeended,  biit  is  sleo  greater  in  tiie  ease  of  the  tnfciafy  than  in  the  osas 
of  the  secondary  or  primary  derivstiTes:  henee  the  ethers  corveapooding  to  the 
primary  alcohols  are  more  raadily  prepared  than  those  whieh  eoneapood  to  tbo 
secondary,  and  the  secondary  more  readily  than  the  tertiary.  Moreover,  only 
those  haloid  derivatives  can  be  made  use  of  which  are  without  difficulty  con- 
vertible into  alcohols :  compounds  such  as  bromobenzeoo,  for  example,  which  do 
not  yield  up  the  halogen  in  axeksngs  ibr  other  radidee  under  any  oidinaiy 
traatment*  being  without  aotion  on  the  metalUe  deriTStivea  of  the  akohola  1  while 
others,  such  an  the  chloropropylenes  from  propylenio  ehloride  (1343)1  loas  tfas 
elements  of  a  molecule  of  hydrochloric  add. 

3.  A  second  method,  which  is  avaflable  for  the  preparation  of 
simple  and  mixed  ethers  corresponding  to  the  alcohols  of  tbe 
ethylic  and  allylic  series,  consists  in  distilling  the  acid  ethereal 
salts  formed  iVoni  these  alcohols  and  sulphuric  acid  with  the 
alcohols  tlicoiselvcs : 

R'.HSO^  -f  R'.OH  =  R'.O.R'  +  HgSO,. 

AeM  ethereal  sulphate.      Alcohol.  Ether.  Sulphuric  acid. 

C3II5.HSO,  +  aH..OH  =  C.H,.O.C2H5  +  II.SO,. 
C,H,.HSO^  +  C,kii.OH  =  ciH,.O.CjHii  +  H,SO^. 

3.  Simple  and  mixed  ethen  corresponding  to  the  aleohola  of 
the  ethylic  and  allylic  series  are  also  formed  on.  beating  the 
corresponding  haloid  hydrocarbon  derivativea  with  argentio  or 
mercuric  oxide : 

aCJLI  +  Agp  =  {C,\l,)p  +  aAgl. 

4.  Little  is  known  of  the  simple  ethers  of  the  polyhydric 
alcohols.    Those  corresponding  to  the  dihydrio  alcohols  are  pre* 
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pared  hy  ^thdrawing  tbe  elements  of  a  molecule  of  Bydrochloric 
acid  from  their  chlorhydrina : 

CJI^Cl.OH  +  KHO  =  CJT,0  -H  KCl  +  OH,. 

Glycol  ehlorhydrin.  Ethjlenic  oxide. 

Mixed  ethers  derived  from  polyhydric  and  monobydric  alcohols 
are  readily  obtained  by  the  action  of  monobaloid  hydrocarbon 
derivatives  on  the  sodiom  derivatives  of  the  former ;  thus : 

C,H4(0Na)g  +  aC,H,I  =  CjH^(OC,H,)g  +  aNaL 

Properties. — The  ethers  derived  from  monohydric  alcohols  are, 
with  few  exceptions,  colourless  liquids,  having  an  agreeable  odour, 
8{)aiiiigiy  soluble^  or  insoluble  in  water,  and  boiling  at  a  lower 
temperature  than  the  metamcric  alcohols.  In  chemical  behaviour 
there  is  a  considerable  diflcrence  between  the  simple  and  mixed 
ethers  derived  from  the  carbinols — or  alcohols  which  may  be  re- 
garded as  formed  from  carbinol,  CUj.OH,  by  the  displacement 
of  one  or  more  of  the  three  atoms  of  hydrogen  in  the  CH,  group  by 
hydrocarbon  radicles — and  the  mixed  ethers,  such  as  methylphenyl 
ether^  CH3.0.CfHg,  derived  from  the  phenols  and  carbinols.  The 
former  are  slowly  decomposed  when  heated  with  water,  and 
reconverted  into  alcohols : 

CjHj.O.CjHj  +  OHj  =  2CjHj.0H. 

On  digestion  with  concentrated  sulphuric  Bcid,  they  yield  the 
correspondinfi^  acid  ethereal  sulphates : 

(C^HJjO  +  HjSO^  =  C,H5.HS0^  +  C^U,.OR} 

When  submitted  to  the  action  of  the  haloid  pliosphorus  com- 
pounds  they  are  converted  into  haloid  hydrocarbon  derivatives : 

CgHj.O.CgHj  +  PClj  =  aCjHjCl  +  POCij. 

The  ethers,  however,  are  much  less  readily  acted  upon  by  the 
haloid  phosphoms  compounds  than  the  alcohols.  They  are  also 
converted  into  haloid  hydrocarbon  derivatives  by  the  action  of 
the  haloid  acids,  hydriodic  acid  decomposing  them  most  readily; 
thus : 

(CjHj)jO  +  HI  =  CjHjI  +  C5,II,.0IL 

Silva  has  shown  {Campt,  Rend,  Ixui.  333),  that  when  the  mixed 
ethers  of  the  C|tHj|B^.|.O.CnH^^i  series  are  decomposed  by  saturat- 
ing them  with  hydriodic  add  gas  in  the  cold,  the  vadide  containing 
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the  fewest  carbon  atoms  is  separated  as  iodide^  ethyl  meUiyl  ether, 
for  example,  being  almoet  entirely  broken  up  in  acoofdnnoe  with 
the  equation : 

CH3.O.C2H5  +  HI  =  CHjI  +  CjHj.OH. 

On  the  other  hand,  the  mixed  ethers  formed  from  the  phenols 
by  displacing  the  hydrogen  of  the  OH  group  by  radicles  derived 
from  the  hydrocarbons  of  the  paraflfin  or  define  series  are 
scarcely,  if  at  all,  altesed  by  heating  with  water.  They  fdmiah 
haloid  rabstitntion  derivatiTeB  when  aobmitted  to  the  action  of 
the  haloid  phosphoma  compounds : 

CjH^.O.CH,  +  PCI5  =  CgH,C1.0.CHs  +  HCl  +  VC\. 

They  are'oonwted  into  snlphonic  acids  by  the  action  of  sulphuric 
add: 

CjHj.O.CH,  +  HjSO,  =  CgH.CHSOal.O.CH^  +  OH,. 

And  they  are  decomposed  by  the  haloid  acids,  although  much  leas 
readily  than  the  ethers  derived  solely  from  the  carbinols,  in  the 
manner  represented  by  the  equation : 


Both  classes  of  ethers  are  oxidized  with  difficulty,  especially 
those  derived  from  the  phenols ;  but  when  oxidized,  they  ftumish 
essentially  the  same  products  as  the  alcohols  from  which  they  are 
derived. 

The  ethers  corresponding  to  the  dihydric  alcohols,  to  judge 
from  the  behaviour  of  those  derived  from  the  glycols,  are  fiur  leas 
inert  compounds  than  those  formed  from  monohydric  alcohols. 
Thus,  ethylenic  oxide  readily  combines  with  water  and  Ihe  haloid 
acids  in  the  manner  expressed  by  the  equations : 


CjHj.O.CH,  +  HI 


=  CjHj.OH  +  CH,I. 


known : 


Etken  of  the  CnHj^  ^  ,.O.C„Hto  ^  ^  Series. 


M.P. 


M«%leliliir 


Methjl  ethyl  eiber 
Ethyl  ether    .  . 
Methyl  propyl  ether 
Ethyl  propyl  ether 
PMpyleCbor  .  . 


C,H..O.C,H. 
CH,.O.C,H,* 


35"5 
68-70^ 


86» 
6o* 


liiqppofjl  tdier  . 
Ethyl  bnlyl  «tber 
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X>  P«  B.  P.  *  C. 

Ethyl  bobutjl  ether*   C,H,.O.C,H/  — '  78'-8o?» 

Methyl  MOMnyl  ether*   CH,.O.C.H„  —  92* 

Ethyl  iMMiyl  ether   C,H,.0.(\H,,*  —  112 

Butyl  ether   C^H,- .O.C\H,*  —  Mo^  S 

Isobutyl  ether   C^H,^  .O.C^H  ^  —  .  iio^ 

Propvlisoamyl  ether   C,H^«  .0.0,11^,  —  125^-130 

iHoamyl  ether   C,H„.O.C,H„  —  176* 

Ethyl  cetyl  ether   C,H,.O.C„H„  20*  — 

leoanyl  eelgrl  ether   C,H„.O.C\,H„  30*  — 

Cetyl  ether   C,.l4  0.C„Hi  55*  ibontaoo 

JStkera  qf  ike  {CJB^.^fl  mtd  OA-vOSi^^ ,  AHet. 

Ally!  ether   C,H,.O.C,H,  —  85*-87 

Allyl  methyl  ether   C.H^.O  CH,  —  46'' 

Allvl  ethyl  ether   C,H,.O.C,H.  —  64' 

Allyl  iuoamyl  ether   C,H^.OX\H„  —  1 20' 

laocrotyl  methyl  ether   (Cn,),CZCH.OCH,  —  7o''-74 

iKMSotyl  ethyl  ether   (CH,),CrCH.OC,H,  —  9»'-94 

Etkert  qftke  CAn-v^-^t^^tn  + 1  -Smw. 

Propargyl  methyl  ether     ....    C,H,.O.CH,            —  6l'-62'» 

Pkopeqgrl  ethyl  ether  C,H,.O.C,H.          —  Si^-Ss* 

Propeigyl  iaoMuyl  eliher    ....    QfL/}*^fi^n         ~  I40*'-145* 
Stksn  if  ike  {CA^.f)fl.tmd  C»H,o.y.O.CBHt.  4.  ^  Seritt. 

Phenyl  ether  C,H,.O.C,H,          a8'  248** 

Phenyl  benzyl  ether  C.I I^.O.CH^C.H,     39*  287" 

Phenyl  methyl  ether  C,H,.O.CH,           liquid  152° 

Phenyl  ethyl  ether  C\H/J.C,H,             „  172' 

Phenyl  isoamyi  ether  C,H,.O.C,H„            „  225' 

Phenyl  allyl  ether  C,U,.O.C,H,           „  I9a*-i05* 

OrthoBreeyl  methyl  ether  .    .   .    .)                      (    „  174 

Metacresyl     „       „       ...    .  > CH,.C,H^.O.CH, -(    „  ^75°-^!^° 

Paracresyl     „       ,  j                          |     „  174' 

pr;:^i''',f'  :  : : ;  :}ch..c.h,<x(^.{ 

Bensyl  methyl  ethar  C^H^CH^O.CH,      „  t6&* 

Bensyl  ethyl  ether  C,H,.CH,.0,C,H,  185' 

Thymyl  methyl  ethar  )  ClI,  I  c  h  0  CH    "  a '6  7 

Cymenyl     ,,        ,  /  C,H,  j    «   »'  "      •    „  Sld'^'S 

Thyniyi  etiijl  ether  C,„H„.O.C,H,  —  222* 

Allylphenyl  methyl  ether  (anethol)  .    C,H,.C,H^.O.CH,     21°  232* 

Ethers  <^  the  G^Lta-if^'^J^  + 1  Series. 

a-Naphthyl  ethyl  ether  Inir/krin.     f  Hqnid  a8o°'7 

/3.Naphthyl  „   j^C„H,.O.CA       \  33O  _ 

(1586)  Methtlic  oxidh  or  ether  :  CHj.O.CH,. — To  prepare  this  ether, 
a  mixture  of  13  pta.  methylic  alcohol  and  2  pta.  oonceotrated  Hulphuric  acid  is 
gndoally  heeted  in  a  imk  atlMhed  to  a  vefened  oondeoeer  to  ho''  (284°  F.) ; 
gas  begins  to  he  legdnrly  evolved  ai  110*  (s30*  F.),  and  is  paeaed  tlnoogh 
eodio  hydnte  solation  to  free  it  from  sulpharoas  anhydride,  and  then  into 
fnlphorie  acid  which  is  cooled  by  water.    The  acid  dissolves  about  600  timee 

*  The  iadbalyl  and  iaoamyl  ethera  hsve  all  hean  prepared  from  the  fsnnen* 
titioii  aloobola:  the  ktter  art  thcrefine  miztuea. 
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its  volame  of  the  gas,  probably  forming  the  compound  SO(OH),(OCH J, ;  the 
•olation  may  be  preserved  for  any  length  of  time,  and  tbe  ether  libentod  when 
nqnired  by  allowing  it  to  drop  into  water  (Erlenmeyer  and  Kriedibaamer,  J>mL 

ekem.  Get.  Ber.,  vii.  699). 

Methylic  ether  is  a  colourless  gas  of  pleasant  ethereal  odour,  which  may  be 
condensed  by  a  refrigerating  mixture  of  ice  and  salt,  or  by  prfssure,  to  a  liquid 
boiling  at  about  —  2 1°  (  -  j*^'8  F.).  On  account  of  its  volatility,  it  is  employed  in 
the  artificial  producUon  of  ioe.  Water  at  iS*"  (64''-4  F.)  diaMlves  37  ttmaaiti 
▼olnme  of  the  gaa.  When  it  i*  passed,  tofcetber  with  hydrochloric  add,  tbroogh 
well-oooled  tube«,  a  liqoid  condenses  which  varies  somewhat  in  composition 
according  to  the  pressure  under  which  it  is  produced,  but  apparently  consists  of 
the  compound  C.II^O.llCl  with  more  or  less  of  the  ether  or  of  hydrochloric  acid 
dissolved  in  it  according  to  circumstances;  it  boils  at  —  i°  (29''-8  F.),  but  ia  in 
great  part  dissociated  (Friedel,  Compt.  Mend.  Ixzxi.  152,  236). 

It  combines  with  enlphnric  anhydride,  forming  metliylie  enlphate  (CH,),SO,. 
When  submitted  to  the  action  of  chlorine  in  sunlii^ht,  it  fumisheit  chlorinated 
derivatives.  The  monochloro-deri?ative,  CH,.0.CH.^C1,  boils  at  59°-7  (i39°'5  F.); 
it  is  dissolved  by  water  and  decomposed  into  hydrochloric  acid,  methylic  alcohol, 
and  80-called  trioxymethylene — the  polymeride  of  formic  aldehyde;  ammonia 
oonTcrta  it  into  hexamethyl«namine ;  and  it  readily  acts  on  dry  potassic  achate 
forming  the  oompoand  CH,.O.CH,(C,H,0,)  (Friedel,  s5mI.  Isxadr..  347).  The 
diehhwinated  derivative,  CH,C1.0.CH,C1,  boils  at  105"  (221'  P.),  and,  when  de. 
composed  by  water,  jrielda  hjdrochlonoadd,  and  the  polymeride  of  formic  aldehyde. 

(1587)  £tiiyliciiiiox  or  sthxr;  Ether;  Sulphuric  Ether : 

CgH,.O.CgH|. — Ethylic  etiier  may  be  formed  in  a  Tariety  of 

ways^  but  on  the  lai^  scale  it  is  always  prepared  from  ethylic 

alcohol  by  the  so-called  continuous  process  of  BonUay. 

A  miztora  of  5  pta.  90  per  cent  alcohol  and  9  pts.  conoentrated  anlplmrie 
acid  is  heated  to  a  temperature  of  140^ — 145^(284^—293"  F.)  in  a  vessel  pro- 
vided with  an  efficient  condenser,  and  a  constant  stream  of  alcohol  is  allowed  to 
flow  in  at  such  a  rate  that  the  temperature  of  the  mixture  is  maintained  at  about 
140°  (284°  F.).  The  liquid  which  pa.sses  over  consists  almost  entirely  of  ether 
and  water,  mixed  with  a  small  portion  of  alcohol  which  has  distilled  over  unchanged; 
the  quantity  of  aleohd  whieb  thna  escapee  etherification  depending  upon  the  r^p&dity 
with  which  the  operation  is  conducted,  being  greater  the  more  quickly  it  is  per- 
formed. The  other  impurities  are  sulphurous  anliydride,  acetic  acid,  and  a  little 
so-called  oil  of  wine,  which  is  a  mixture  of  ethylic  sulphate,  (C,11J^S04»  and 
hydrocarbons  polymeric  with  ethylene. 

In  order  to  purify  the  ether,  it  is  agitated  with  an  equal  ▼c^ume  of  milk  of 
lime,  and  is  then  rectified  from  the  water  bath.  But  it  still  retains  alcohd  after 
l>eing  thus  treated;  this  may  be  in  great  part  removed  by  agitating  it  repeatedly 
with  water,  aftci'  which  it  may  be  dried  or  rendered  absolute  by  means  of  quick- 
lime or  fused  calcic  chloride,  and  then  rectified.  The  last  traces  of  alcohol,  how- 
ever, can  only  be  removed  by  allowing  the  dry  ether  to  remain  lor  a  considerable 
time  in  contact  with  metallic  sodium,  and  then  distilliog  it  from  the  water  bath, 
or  hgr  distilling  it  sereral  tnnee  from  sodium. 

The  formation  of  ether  in  this  manner  is  generally  r^arded  as  tbe  result  of 
two  distinct  cbaugea^  the  first  of  which  oonsisto  in  the  pcodootion  of  ethylio 
hydrio  sulphate : 

C,H,.OH  +  H,SO,  =  C,Hj.HSO^  +  OH,; 

which  then  enters  into  reaction  with  a  further  portion  of  alcohol  to  form  ethylic 
ether  and  sulphuric  acid : 

C,H,.HSO,  -I-  C,II,.OH  =  (C,H^,0  +  H,SO,. 
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The  sulphaxio  tcSi  fhn  Bbmted  It  again  oonTerted  into  ethylic  hjdric  sul- 
phate, whieh  ia  in  torn  deoompoaed  hj  the  alodhol,  and  thia  oyoie  of  ehangea  ia 

lepeated  over  and  over  egeiii.   Theoretically,  thexefine,  the  same  quantity  of 

acid  nhould  suffice  to  convert  an  unlimited  amount  of  alcohol  into  ether,  but 
practically  this  is  not  the  ca.se,  chiefly  because  oxidation  and  carbonization  take 
place  at  the  expense  of  the  acid,  i  pt.  of  acid  being  capable  of  converting  only 
ahoot  5  pts.  of  alcohol  into  ether.  U  the  temperature  be  aliuwed  to  rke  above 
•bout  145^  (393**  ^Of  ^9  ethjlie  hydrie  ralphate  nndergoea  deoompontion  into 
ethylene  and  sulphuric  acid,  and  below  about  140°  (284"  F.),  the  etherifioatum 
of  the  alcohol  takes  place  very  slowly,  for  although  ether  may  be  formed  by 
heating  ethylic  hydric  sulphate  with  alcohol  at  100**  (2 1 2*  F.),  it  is  only  at  about 
140°  (293°  F.)  that  the  change  is  rapidly  eflected ;  moreover,  if  the  temperature 
be  not  considerably  above  100°  (212°  F.),  the  water  produced  in  the  reaction 
doea  not  diatil  over,  and  the  aeid  beeomea  too  weak  to  effiNt  the  etheriiieatiini. 

The  most  conclusive  proof  of  the  oorreotneaa  of  thia  expUnation  iaaflbxdedbj 
Williamson's  observation  that  if  a  mixture  of  (fermentation)  amylic  alcohol  and 
sulphuric  aeid — i.e.,  amylic  hydric  sulphate,  be  submitted  to  distillation  with 
ethylic  alcohol,  the  mixed  ether,  isoamyi  methyl  ether,  is  produced,  the  residue  in 
the  retort  when  only  ethylic  ether  passen  over  consisting  of  ethylic  hydric  sul- 
phate; thoa: 

C.H^.Oft  +  H,SO^  =  C,H„.HSO.  +  OH.; 

Ether  is  also  produced  on  distilling  ethylie  aolphate  with  aloohol  (Erlenm^er), 
and  it  is  possible  therefore  that  the  following  reaotiona  play  a  part  in  the  forma* 
tion  of  ether  by  the  continuous  process  : 

■      2aH,.0H  +  H,SO^  =  (C,nj,SO^  +  20H^; 
(O.HJ^SO^  +  C^ll,On  =  (C,HJ,0  +  C,H,.HSO,. 
+  2C,H,.0H  =  2(C^HJ,0  +  H^SO,. 

Other  methods  of  converting  alcohol  into  ether  are  by  heating  it  under  pres- 
sure with  iiuiphuric  acid  diluted  with  water  (Ueynoso,  Ann.  Chem.  Phi/s.  [3], 
jdviii.  435  ;  Erlenmeyer,  Ann,  Chem,  Fkarm,  efacii.  373),  with  the  haloid 
acida,  or  with  the  monohaloid  deriratirea  of  ethane ;  Ibr  example : 

c,H..0H  +  Ha  =  aH,a .+  oh,? 
c,H^0H  +  c,H,ci  «  (c,Hj,o  +  na 

Yariona  aalta  are  also  eapable  of  etherifying  alcohol,  apparently  without 
nndei^tng  change  themselves.    Thus  Keynoso  has  fouAd  that  ether  iapndnoed 

in  considerable  quantity  on  heating  alcohol  at  240**  (464°  F.)  in  sealed  tubes 
with  the  sulphates  isomeric  with  magnesic  sulphate,  or  with  the  chlorides  of 
cadmium,  cobalt,  copper,  and  manganese,  or  with  bromide  or  iodide  of  cadmium. 
If  Bomal  alnminic  ralphate  be  employed,  the  etherification  takes  place  between « 
200**  and  340**  (392**  and  464**  F.),  without  fiberatfon  of  gaa,  and  with  but* 
.  little  formation  of  basic  sulphate ;  when  alum  is  used  the  residta  an  aimilar, 
but  the  alcohol  is  etherified  at  a  lower  temperature.  Aluminic,  fenie,and  zindo 
chlorides  furnish  a  mixture  of  ether  and  mnnochlorethime.  There  can  be  little 
doubt  that  in  roost  of  these  cases  the  etheriticatiou  is  due  to  the  action  of  a  small 
amount  of  add  formed  by  the  deoompoution  of  a  portion  of  the  salt  employed ;  in 
otfaera  perhi^a  it  ia  ftt  loiat  partially  the  veanlt  of  aaooeadfe  ohangea  aoch  aa  ara 
leproaented  by  the  following  equation :  • 

ZnCn,  +  C,H,.OH  =  ZnCl.OCjH,  +  HCL 
ZnCLOCgU^  +  C^^OH  =  ZnCLOH  •¥  {CJEL^fi, 

In  all  these  enaea,  however,  the  alcohol  is  never  oompletdj  eonrerted  into 
elher  in  oooaeqnenee  of  the  ooonmnee  of  ehangea  whioh  are  the  morae  of  thoee 
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If  whifih  file  ether  Se  fimned.  For  enafle^  wlien  monoehloretliane  is  heeted 
with  aloohol,  not  only  is  ether  prodooed,  bat  the  hydrochloric  acid  which  is  the 
accessory  product  reacts  more  or  leae  upoii  the  ether  end  reoonverte  it  into 
eloohol  And  monochlorethatie  ;  thus  : 

CjII^.OII  +  Cyi.CI   =   IICI  +  (C,H,),0; 
(CH,),0  +  HCl  =  CJl.-OH  +  C,H,a 
The  extent  to  which  chang'es  of  this  kind  occur  depends  chiefly  upon  the 
relative  amuunts  of  the  ditl'erent  substances  f  resent,  and  on  the  temperature  to 
which  the  mixture  is  heated. 

Ethylic  ether  is  a  colourless^  transparent^  reaey  mobile  liquid, 
having  a  peculiar  exhilarating  odour  and  sharp,  burning  taste, 
with  cooling  after  taste.    It  boils  at  35°'6  (96^  F.)j  and  at 
(32°  F.)  has  the  sp.  gr.  736.  Dry  ether  does  not  solidify^  even 
in  a  mixture  of  carbonic  anhydride  and  ether  (Franchimont).  It 
is  very  inflammable,  and  its  vapour  detonates  with  great  violence 
when  mixed  with  air  and  ignited.    It  diasolves  in  abont  9  pts.  ot 
water  at  ordinary  temperatures,  and  itself  dissolves  abont  one- 
eleventh  of  its  weight  of  water;  it  is  misciUle  in  all  proportiona 
with  anhydrous  methylic  and  ethylie  alcohols,  and  with  many 
other  liquids.    It  readily  dissolves  most  highly  hydrogenized 
carbon  compounds,  which  arc  sparingly  soluble  in  alcohol,  such 
jis  fats  and  resins,  but  is  very  seldom  a  good  solvent  for  substances 
which  are  easily  soluble  in  alcohol. 

Ether  also  dissolves  bromine  and  iodine,  and  manv  metallic 
bromides  and  chlorides    in   considerable  quantity.     The  solu- 
tion of  these  substances  by  ether  is  a])parently  connected  with  the 
fact  that  tliey  form  compounds  with  it.    Thus,  on  mixing  together 
bromine  and  ether  in  a  vessel  surrounded  by  a  re&ig^rating 
mixture  of  ice  and  salt,  a  red  crystalline  body  of  the  composition 
(C^UjQOjgBrg  is  obtained,  which  melts  at       (71^*6  F.)  and  does 
not  give  off  bromine  under  the  ordinary  pressnxe,  but  gradually 
undergoes  spontaneous  decomposition  and  becomes  liquid  when 
kept;  it  is  instantly  resolved  by  water  into  its  generators  (Schiit- 
aenberger,  Compt,  RauL  Ixxv.  151 1).  In  a  similar  manner^  crya- 
talline  compounds  of  ether  with  stannic  chloride,  aC^HjQO.SnCl^ 
with  titanic  chloride,  C^H^gO.TiCl^  and  vanadic  oxychloride,  - 
VOClg.CJIjoO  (Bedson,  Jtmm.  Chem,  8oe.  1876,  i.  309),  with 
antimonic  chloride,  SbCl^.C^H^QO  (Carleton  Williams,  ibid,, 
ii.  463),  and  with  many  other  chlorides,  ftc.  (comp.  Nickl^ 
Compt.  lii.  396;  Iviii.  537 ;  Ix.  479,  800),  may  be  obtained 

by  mixing  the  chlorides  with  ether,  taking  care  to  prevent  rise  of 
temperature.  They  are  all  decomposed  by  water,  and  decomjx)se 
either  spontaneously  when  kept,  or  on  heating ;  the  titanium 
compound,  C^H^QO.TiCl^  for  example^  when  heated,  is  converted 
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into  the  cUorethylin  TiCl,.OCgHg  and  cbloiethane.  The  stannio 
chloride  compound,  however,  is  said  to  volatOiae  unchanged. 

Ether  bums  with  a  much  more  Inminous  flame  than  alcohol, 
and  soot  is  deponted  on  cold  bodies  introduced  into  the  flame. 

If  burned  with  insufficient  air,  by  passing  the  vapour  mixed  with 
air  over  platinum  black  for  example,  it  yields  a  mixture  of 
aldehyde  with  acetic  acid  and  acetal.  It  also  gradually  absorbs 
oxygen  on  exposure  to  the  air;  according  to  Kingzett  (Year  Book 
of  Pharmacy,  1876,  554),  hydric  peroxide  and  perhaps  ethylic 
acetate  are  produced  by  its  atmospheric  oxidation.  With  other 
oxidizing  agents,  it  yields  products  similar  to  those  obtained 
uuder  analogous  conditions  from  alcohol,  but  is  much  less  readily 
acted  upon  than  the  latter  ;  thus,  when  heated  with  nitric  acid,  it 
famidhes  carbonic  anhydride,  and  acetic  and  oxalic  acids. 

It  is  slowly  decomposed  in  contact  with  water,  even  at  ordi- 
nary atmospheric  temperatures,  and  much  more  rapidly  when 
heated  with  it,  being  converted  into  alcohol;  this  change  is 
jfociiitated  by  acids,  but  not  by  alkalies.  In  contact  with  sodic 
chloride,  calcic  chloride,  or  anhydrous  cnpric  snlphate,  it  is  slowly 
decomposed,  acquiring  the  property  of  giving  the  iodoform  reac- 
tion, which  is  not  the  case  with  ether  which  has  been  many 
months  in  contact  with  potassic  hydrate  or  carbonate ;  this  is 
perhaps  dne  to  the  formation  of  an  ethylate,  thus : 

CuSO^  +  (C2Hj.)20  =  C2H.O.SO,.O.Cu.OaH5. 

(Liebeu,  Ann.  Chem.  Pharm.,  clxv.  134).  Potassium  and  sodium 
are  without  action  on  pure  ether.  It  combines  with  sulphuric  an- 
hydride, forming  ethylic  sulphate,  (CoII.)^SO^;  and  when  warmed 
with  concentrated  sulphuric  acid,  it  yields  hydric  ethylic  sulphate. 

(15S8)  CkMiuM  tkrinahM  if  JEMyfic  JSMm*.— dhlorine  acts  very 
isadUj,  even  at  t«niperatiirM  below     (33^  F.)f  on  flthcr,  oonmtiiig  it  in  ths 

first  instance  into  raonochlorinated  ether,  from  which,  by  the  continued  action  of 
chlorine  in  diffused  light,  di-,  tri>,  tetra-  and  pentachlorether  are  formed  ;  and  by 
the  prolonged  action  of  chlorino  auisted  by  sunlight*  the  perohlorinatedoompoiind 
C^CI.,0  is  finally  produced. 

Mimoeklorether,  C,H,.O.CHCI.OH^  is  the  first  product  of  the  action  of 
chloriiie  OB  oavefolly  cooled  cthar;  it  may  abo  he  obtained  bj  iatoiatinga 
mixtue  of  aldehyde  with  twice  its  volume  of  anhydrous  alcohol  with  hydrochkffic 
■aid  gaa,  its  ibrmation  in  the  latter  case  being  represented  by  the  equatMNW: 

CTT,.COH  +  Ha  =  CH,.CHC1.0H; 
CH.CHCLOH  +  C,H,.OII  =  C^CHaO.C,H,  +  Ha 

It  is  a  colonrless  liquid,  boiling  with  slight  decomposition  at  97" — 98°  (2o6*''6 
— 2o8'''4  F.).  Concentrated  flulphuric  acid  decomposes  it  with  formation  of 
aldehyde,  ethylic  hydric  sulphate,  and  hydrochloric  acid  (Jacobsen,  Deut.  chem, 
Oes.  Ber.,  iv.  215) : 

CH,.CHaO.C,H,  +  H,SO,  =  C,H,.HSO.  +  CH^COH  +  Ha 
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Bichl  or  ether,  C.^Hj.O.CIICl.CH,Cl,  is  the  chief  product  of  the  action  of 
chlorine  on  ether  at  ti'mix^ratures  not  exceeding  20° — 30°  (68" — 86"  F.) 
(Lieben,  Ann.  Chem.  I^hurm.,  cxlvi.  180  ;  clxxviii.  29;  Abeljanz,  ihid,,  cliif. 
197  ;  JaoobMO,  ipe,  eii.).  It  is  beet  prepared  hj  passing  ohlorine  into  ether 
cooled  to  (32^  F.)»  aiid  after  aome  time  dbtiUing  the  prodiiet  in  the  water 
l>ath  ;  the  distillate  is  again  submitted  to  the  action  of  fiblofilie,  and  the  product 
distilled,  and  this  treatment  repeated  until  the  amount  volatile  helow  100* 
(212"  F.)  becoTiies  very  small.  The  residues  are  then  distilled  until  the  boiling 
point  reaches  136°  {ijO^'S  F.).  the  distiiiata  is  treated  with  chlorine,  and  finally, 
after  another  re|Mtitioo  of  tbia  treatment,  the  entire  prodnet  not  volatile  bekw 
136*  (276*'-g  F.)  ia  aubmitted  to  firaetiona]  disttUation. 

It  is  a  limpid,  colourlfiaa  liquid,  boiling  with  slight  deeompoaition  at  about 
145°  (293°  F.).  Like  monochlorether  it  is  slowly  decomposed  by  water  at 
ordinary  temperatures,  and  more  rapidly  on  heating,  yielding  a  mixture  of 
the  monethylin  of  monochloraldehydrol,  CU,Cl.Cli(Oii).OC,II^  which  boiU 
«t  95**  —  96^  (203''  ^  204***8  F.),  with  the  oondensation  proiut 
[CH,CI.CH(0C,H^],O,  whiefa  boila  at  aboat  16$'*  (329**  F.).  On  treat- 
ment  with  concentrated  sulphuric  acid  it  fumiahea  nxmoohloraldehjdeb  hjittt 
ethjlio  aol|diato»  andhydrodiloric  acidt 

By  the  action  of  aodie  ethjiata  it  ia  oooTerted  into  monoohkHaeetel, 
CH,Cl.CH(OC,H^g.  Fboaphorio  pentaehknide  aots  npoa  it  ofaieaj  in  the 
manner  repreeented  bj  the  equation : 

CH,aoHaoc,H,  +  pci,  =  cH,acHC],  +  c  ii^ci  +  poca,. 

An  isomeric  dichlorether,  CH,.CHC1.0.CHCl.CHj,  is  formed  on  saturating 
anhydrooa  aldehyde  cooled  to  o*  (33^  F.)  with  hydroeblorie  acid  gas : 

CH,.COH  +  HCl  =  CH,  (^HCl(On) ; 
CH,.CHC!(OH)  +  CH,.CHC1(0H)  =  CH,.C1IC1.0.CHC1.CH,  +  OH,. 

It  is  a  colourless,  limpid  liquid,  boilin;::::  at  about  1 16°  (24o°-8  F.);  it  '\»  much 
more  easily  decomposed  by  water  than  the  isomeric  compound,  being  converted 
into  aldehyde  and  hydrochlmne  add  (Lieben,  Ann,  Ckm,  Pharm.,  dboviii.  43)^ 
The  diohlorethera  readily  excbauge  tbdr  ehlorine  for  hydrooarbon  radidei 
when  eobmitted  to  the  action  of  the  sino  organo-metallio  eomponnda  (oonp. 

pp.  41  T,  4^2). 

Trichluniher,  CHCL.CIICl.OCjr.— In  order  to  convert  dichlorether  into 
the  higher  chlorinated  derivatives,  the  action  of  chlorine  requires  to  be  assisted 
by  heat ;  the  tri-,  tetra-,  and  pentadilorinated  eompounda  bave  not  been  iaolated 
firom  the  prodnct  in  the  pore  atate,  however,  aa  they  partially  deeompoae  on  dwtilb- 
tion,  although  their  preaenoe  may  be  indirectly  proved  by  the  action  of  so& 
ethylate  and  of  sulphuric  acid  on  the  product.  Thus  when  the  residue  hoilinsr 
above  155°  (311"  F.)  obtained  in  the  preparation  of  diohloretlier  is  sulunilted 
to  the  action  of  sodic  ethylate,  a  product  is  obtained  from  which  dichloracetal, 
CHC1,.0H(0C,H,),,  may  be  aeparated  by  fractional  distillation,  prorbg  the 
pceaenoe  of  a  triehlorether  of  the  formuUt  CHC1,.CHC1.0C,H,  (Jacobean). 

Similarly,  the  product  obtained  by  carrying  on  the  acHon  of  chlorine  for 
acme  time  at  about  90°  (i')4°  F  ),  when  treated  with  concentrated  sulphuric 
aeid,  yields  a  considerable  quantity  of  chloral.  ('CI,.COK,  and  therefore  contains 
the  letrachlorelher  CCI,.CI1C1.0C,H,  (Jacobsen).  This  ether  may  be  obtained 
in  the  pore  state  by  the  action  of  phosphoric  pentadhloride  on  the  aM»nethylin  of 
trichlonddeliydrol  (Henry,  Deut,  ekem*  Oet.  3er.,  ir.  loi)  t 

CC1^CH(0H).0C,H,  +  PCI,  =  .CC1,.C1IC1.0C,H,  4-  HQ  +  POCI^ 
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It  boils  at  190"  (374*  F.);  by  heating  with  a!c<>hol,  it  i«  converted  into 
trichloracotiil,  CCl,.CH(()('.jHj)j,  and  also  furni.sluii  this  compound  wiien  acted 
upon  tiodic  ethj'late  or  bj'  a  very  strong  alcoholic  tiulutiuu  of  poUutaio  hydrate, 
Imfc  a  10  per  cent  ioliitiou  of  potassic  hydrate  apparently  converts  it  into  the 
flompoond  OCl;rCCn.OC,H,  (Warts  and  Togt,  Coupt,  S^nd.,  liriv.  777 ; 
Patemo  and  Pisati.  Gaz.  chim.  iiaL,  ii.  333). 

The  end  product  of  the  action  of  chlorine  in  diflufted  light,  assisted  by  heat, 
is  the  pentarhlorether,  CClj.CClj.OC.jHj.  Hence  it  appears  that  the  action  of 
ohlorioe  on  ether  in  dill'used  light  is  restricted  to  the  one  ethyl  group,  and  that  the 
order  in  whieh  the  hydrogen  aloma  are  displaced  may  be  repreianted  by  the  formula 
CH,.CH,.OC,H,  (JaoobMn) ;  the  crude  mixture  of  higher  ehlorineted  derivatiTeB 

has  not  yet  been  sufficiently  investigated,  however,  to  enable  us  to  state  that 
displacement  take»  place  only  in  thi*  order  (oomp.  Uenry,  DeuL  chem,  Ges,  JSer., 
vii.  763). 

An  isomeric  peotachlorether,  OC1,.CHC1.0.CH,.CH,C1.  may  be  obtained  by  the 
action  of  phoephoric  penteohloride  on  the  ooropouod  CC1^CH(0H).0.CH,.CH,C1, 

formed  by  the  union  of  chloral  with  tlie  chlorhydrin  of  glycol,  CH,(0H).CH^C1  j 
it  boils  without  change  at  235"  (455°  F.)  (Henry,  cif.) 

Perchloret hylic  ether,  C^Clj  O,  the  end  product  of  the  prolonged  action  of 
chlorine  on  ether  in  sunshine,  according  to  liegnault,  by  whom  it  wa«  discovered 
in  1830,  ia  a  crystalline  substance  which  melte  at  69''  (156^*3  F.) ;  it  bmis  at 
aiboat  300^  (573**  F*)*  M  *t  the  seme  time  resolved  into  heMchlorethine 
and  tricUonoetic  chloride :  (C,CI     =  C.C1,  +  CCl,.COa. 

The  Temaining  homolognea  of  ethylic  ether,  which  have  mostly 

either  been  prepared  by  tlie  action  of  sulphuric  acid  on  the  corre- 
spoudiug  alcoliols,  or  by  heating  inonohaloid  derivatives  of  paraffins 
with  the  sodium  derivatives  of  the  alcohols  of  the  ethylic  scries, 
manifest  the  closest  resemblance  in  their  properties  to  ethylic  ether. 

(15S9)  SfHSBS  OF  THE  (CbH|b.|)^  AKD  CaH^^,.O.C„H,a.,  SbHIES.— 
These  ethen  are  prepared  by  methods  precisely  similar  to  those  employed  in 
the  preparation  of"  the  ethers  oi  the  ethylic  series,  and  thi-y  appear  to  bear  the 
same  relation  in  properties  to  these  latter,  that  allylio  alcohol  bears  to  ethylic  aloohol. 
According  to  Eltekoirs  recent  experimsntsy  however  (2M.  eiem.  Ott.  Ber., 
X.  704),  the  behavioor  of  the  ethers  of  the  form  (CaHa„^,),CirCH.OC.H^„ 
when  heated  with  dilute  sulphuric  acid,  is  somewhat  peculiar,  iioerotyl  ethyl 
ether  (p.  396),  (CH,),CziCH.OC'Jl^,  being  apparently  thereby  oonverted  into 
isobutyric  aldehyde,  (CH,),CH.CUH,'  and  ethylic  alcohol. 

(1590)  Ethkbs  of  the  CBH^+i.O.CnH^_g  Skkiks.— The  ethers  of  this 
series  are  obtwned  from  the  oorresponding  terms  of  the  CaH^i.O.CnHfa-i  aeries 
by  comlHning  them  with  bromine,  and  submitting  the  bromides  obtmned  to  the 
action  of  an  alkali.  For  example,  ethyl  allyl  ether,  C,H,.O.C,H,,  unites 
directly^  with  bromine,  forming  the  dibromide  CjH,.O.C,H,Br,,  and  on  distilling 
this  com]M)uiid  in  the  oil  bath  fron>  pieces  of  solid  sodic  hydrate,  ethyl 
monobroiualljl  ether,  Cj,H^.().C^H^Br,  is  jirad  need.  This  is  a  cohmrless 
liquid  of  pleasant  odour,  boiling  at  130  — j  35*  (266* — 275°  F.);  by  healing 
with  a  very  concentrated  alcoholic  edution  of  potaanic  hydrate,  it  ie  readily  con- 
verted into  ethyl  propurgyl  ether,  0^11^.0.0,11,  (Henry,  Deut.  ckem.  Ges.  Ber.^ 
V.  188  ;  274).  This  ether  is  also  formed  by  the  action  of  an  alcoholic  solution 
of  potassic  hydrate  on  a-tribroniopropanc  (tribromohydrin),  and  several  other 
chloro-  and  bromo-derivalives  of  propane  and  propylene  (comp.  Liebermann  and 
Kretschmer,  Ann,  CJkem,  Fkarm.,  clviiL  230).    It  is  a  mobile  liquid  of 

8  zz 


Diyiiized  by  Google 


674 


PBSNYLIC  ETHER — ^ANISOL. 


penetrating  odour,  lighter  than  wftier,  boiling  slightly  above  80°  (176°  F.)  ;  it 
combines  with  bromine  to  form  the  compound  C,H,Br,.O.CjIIj.  which  is  re- 
converted into  the  ether  by  the  .vction  of  sodium  amal<:am  on  its  alcoholic  solution. 
It  also  exhibits  the  pr()j>erty,  which  is  ai>i)arently  characteristic  of  all  propargyl 
compoundA,  that  of  forming  metallic  derivatives.  Thus,  on  adding  a  conoen- 
tnted  eolation  of  tu^tenticnitrnte  to  ita  elooholic  eolation,  a  eryetaUine  precipitate 
ie  obtained  baTing  tibe  composition  (CJE[,Ag.OC,HJ,,AgNO,,  which  ontraatment 
with  ammonia  is  converted  into  an  amoil^oaB  silver  derivative  of  the  composition 
C^H,,Af;.Or^Hj.  A  corresponding  cuprous  derivative,  (CjH^.OC^Hj.CUj,  is 
obtained  as  an  amorphous  yellow  precipitiite  on  the  addition  of  an  arainoniacal 
solution  of  cuprous  chloride.  The  ether  may  be  ubtaiued  from  these  derivatives 
by  dietilling  them  with  dilate  enlphario  aeid. 

(159 1 )  Ethbbs  op  thb  (C„£^7),0  an]>  CBHta4.fO.CBHaB-r  Sbbibs. — 
PaXNTLtO  Ether,  (C,H,)jO.— Thb  ether,  which  is  altogether  peooliar  in  its 
properliee,  ia  obtained  on  gentlj  warming  phenol  with  diazobeniene  aalphate : 

C,H,N,.H^,  4-  Cfi/m  =  (C,H,),0  +  H,SO,  +  ? 

and  is  also  a  prodm-t  of  the  destructive  distillation  of  cupric  benzoate  (lloffmeister, 
Ann.  Chem.  Pharm.,chx.  194).  It  is  a  colourless  crysUiUine  substance,  having 
a  pleaaant  odonr  resembling  that  of  the  geraninm,  is  almoat  inaolubb  in  water, 
bat  easily  soluble  in  aloohol,  bensene,  or  ether ;  it  melts  at  28**  (82^*4  F.)*  niui 
boils  at  246°  (474'''8  F.)  It  b  a  body  of  remarkabb  stability,  for  it  is  not 
aniH-tod  by  heating  with  a  concentrated  solution  of  hydriodic  acid  to  250" 
(482°  F.),  or  by  long-continued  boiling  with  a  solution  ot"  chromic  anhydride  in 
glacial  acetic  acid,  or  when  ptissed  over  heated  zinc  dust ;  it  may  be  distilled  with 
phosphoric  pentaehloride  without  undergoing  change,  and  when  heated  with  is  in 
seabd  tabes  at  220"  (428"  F.)  b  merely  chlorinated.  It  diaaolvea  in  eooeentrnted 
Bttl^orio  acid,  forming  the  disalpho-acid  (C,H^.HSO,),0;  couceutmted  nitrie 
acid  converts  it  into  the  corresponding  dinitrci-derivative,  which  crystallizes  in 
colourless  or  slightly  yellow  needles,  melting  at  135°  (275°  F.),  and  distilling  at  a 
high  temperature  unchanged ;  whilst  by  adding  bromine  to  its  solution  in 
oarbonb  l^ulphide,  a  crystalline  dibromo-derivative  b  obtuned,  which  mdta  at 
54^  (129**2  F.),  and  distib  withoat  change  above  360*  (680**  F.). 

(1592)  Mbthyl  phen  yl  Ethebob  Axisol:  CHj  O.C^H,. — The  simplest 
method  of  obtaining  this  ether  is  to  heat  in  a  flask  attiched  to  a  reversed  condenser 
a  mixture  of  phenol  with  the  amount  of  potassic  hydrate  required  to  convert  it 
into  the  potassium  derivative,  a  slight  excess  of  methyiic  iodide,  and  some 
methylic  alcohol;  when  the  action  b  complete,  the  prodnet  b  aeparated  by  tha 
addition  of  water,  and  parified  by  dbtillation.  Thia  method  may  be  emi^yed 
for  the  prf  p  ii  ition  of  all  the  homologous  ethers.  Methyl  phenyl  ether  may  also 
be  obtained  by  distilling  anisic  acid  with  baric  hydrate:  C\H^(0CHj).C0OH 
s=  Cyllj  OC'Hj -I- CHL,  and  on  this  account  it  is  frequently  termed  anisol. 

It  is  a  colourless  liquid  of  pleasant  odour,  insoluble  in  water,  of  the  sp.  gr. 
•991  at  15"  (59°  F.) ;  it  boib  at  152°  (sos^-d  P.).  It  b  *  body  of  very  con- 
fliderabb  atat^lity*  as  it  reaista  the  action  of  oxidising  agents,  and  b  not  reduced 
by  pasmng  over  heated  zinc  dost— by  which  treatment  phenol  is  converted  into 
benzene.  By  heating  with  a  concentrated  solution  of  hydriodic  acid  at  130* 
(266°  F.),  it  is  resolved  into  phenol  and  methylic  iodide;  hydrobromic  and 
hydroclilortc  acids  decompose  it  in  a  similar  manner  at  higher  temperatures. 
When  submitted  to  the  aetioB  of  chbrine  or  bromine,  or  of  nitrb  or  aolphurio 
adda,  it  fombhea  ■abatitution  derirativea;  the  haloid  phospbOToa  compoanda 
act  in  a  similar  manner  (Henry,  Deut  ch^m.  Ge3,  JI7ar.,iL  7lo).  In  all  these 
cases,  hydrogen  in  the      group  is  alone  displaced. 

The  homologaes  of  methyipbeuyl  ether  exhibit  very  similar  properties^  bat 
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ihtir  bebsnoor  on  oaddation  is  diffirant,  bring  omilar  toihat  of  thebydrooMrboDS 
homologmii  witb  benzene.  Thus,  the  methyl  ethcrts  derived  from  the  thiM 
isomeric  cresols  or  methyl  phenol**,  CHg.CgH^.UH,  yiilJ  on  oxidation  the  three 
corresponding  methoxybenzoic  acids,  C^H^{0CHj).COOlI.  This  property  is  of 
oomiiderable  practical  value,  as  it  is  ot'tea  possible  by  tir.st  converting  the  phenols 
into  mixed  ethers  and  oxidizing  these  latter  to  ascertain  the  nature  of,  and  the 
"  poritioo  oooQpied  bj,"  the  hydroearbon  tide  diains  in  the  phenols,  whicb  cannot 
be  eflfected  by  the  oxidation  of  the  phenols  themselves.  For  example,  by  con- 
verting- l)hlorol  from  beech  tar  creasote  (p.  494)  into  the  methyl  ether,  and  oxi- 
dizing tliis  latter,  Tiemann  and  Mendelsohn  {Deut.  chem.  Ges.  Ser.,  x,  61) 
liave  obtained  a  methoxyphthalic  acid,  C^U,(CUOH)^OCH,,  thus  proving  the 
phenol  in  question  to  be  a  dimethylphenol. 

Snbatitntioo  deriTativaa  of  methyl  phenyl  ether  and  of  tiie  bomologoua  ethers 
may  also  be  formed  from  the  substitution  derivatives  of  the  phenols  by  the  action 
of  the  monohaloid  derivatives  of  the  paraffins  on  their  metallic  derivatives.  Thus, 
by  heatinp:  the  chloropheiiols  with  potassic  hydrate  and  inethylic  iodide,  they  are 
converted  into  corresponding  methyl  chlorophenyl  ethers,  and  similarly  by  the 
aeCion  of  methylic  or  ethylic  iodide  on  the  silver  derivatives  of  the  nitrophenols , 
nitiophenyl  methyl  and  ^yl  ethers  are  obtained. 

By  heating  the  nitrophenyletherawith  ammonia  solution,  it  is  firequently  pos- 
sible to  displace  the  OCH,  or  OC,H,  group  by  the  group  NH^,  and  thus  to  obtain 
amido-derivatives  corresponding  to  the  phenols  from  which  the  ethers  were  formed; 
this  reaction,  which  is  also  of  cons^iderable  value  as  a  method  of  ascertaining  the 
constitution  of  phenol  derivatives,  apparently  only  takes  place  when  the  OCH,  group 
•*  ooeupies  the  para>  or  orttio-pOBition"  relatively  to  the  NO,  group  (uomp.  p.  333). 

( 1 593)  Benzyl  Etueus. — These  ethers  are  obtained     the  aetion  of  bencyUc 
ehknde  on  the  lodiiun  derivativea  of  the  alodwls ;  for  oample : 

Cja^.CH,a      C,H,.ONa  =  Cfl/).CH^Cfi^  +  Nad 

At  preaent  the  only  interest  which  attaches  to  them  ia  on  account  of  their 
'  bebaTionr  on  chlorination,  and  with  nitric  add,  in  mpeot  of  which  they  di£for 
somewhat  from  the  ethers  of  other  series.  Thus,  according  to  Sintenis  (Ann. 
Chem.  P/*ar;n.,  clxi.  329),  when  benzyl  methyl  and  ethyl  ether  are  submitted  to 
the  action  of  chlorine  either  in  the  cold,  or  at  the  boiling  temperature,  or  in 
preMnce  of  iodine,  thej  forniah  bemoio  aldehyde  and  a  mimohakud  paraffin 
derivatiTe: 

CJT,.CH,.OaH.  +  CL  =  C  H^.COH  +  C' H^Cl  +  Ha 

They  are  decomposed  in  a  similar  manner  by  concentrated  nitric  acid.  Benzyl 
phenyl  ether,  however,  ia  converted  by  the  aetion  of  chlorine  or  bromine  alone, 
into  bensylie  eblonde  or  bromide  and  clilorinated  or  brominated  derivativea  of 
phenol;  whilst,  if  the  action  take  place  in  prcsi  ncc  of  mercuric  oxide, chlorinated 
or  brominated  derivatives  of  the  ether  are  produced,  such  as  C^lIj.CHj.O(\HjBr, 
showinj,'  that  the  formation  of  benzylic  chloride,  Sic,  when  chlorine  alune  is 
employed,  is  due  to  the  decomposition  of  the  ether  by  the  haloid  acid  turmed  in 
ita  oonTemion  into  haloid  aubotitation  deriyatiTaa. 

(1594)  AimraoL:  C.,H„0  =  CH,.O.C,H^(C,H^.— Thia  ether  is  the  nhief 
eonatitQent  of  oil  of  anise,  from  which  it  may  be  separated  by  fractional  distilla- 
tion ;  on  cooling  the  portion  collected  at  about  230*^ — ^35°  (44^** — 455°  ^•)' 
the  anethol  crystallizes  out,  and  may  be  purified  by  crystallization  from  alcohol. 
It  may  be  obtained  in  a  similar  manner  Irom  oil  of  fenufl.  Oil  of  tarragon  is 
aaid  to  eontaia  an  iaomerie  aubstance,  and  it  ia  also  stated  that  anethol  ia  aeeom- 
paaied  by  a  liqmd  isomeride  in  the  oib  of  anise  and  fenneL 

Anethol  crystallizes  in  colourless  jjlintenint,'  ))lates,  which  mdt  at  21** 
(69'''8  F,)  i  itboilaatabottt  232°  (449°  <^  ^^')-  When  boiled  with  a  ooocantrated 
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Aolution  of  bydriodio  acid,  it  Turni^bei}  metbjlic  iodide,  together  with  a  resmoui> 
miM  Ibnned  from  the  anol,  which  is  the  aooenorjr  prodnet  of  the  iCMtkn. 
and  whieh  may  he  ohiained  in  s  pore  elate  hy  heating  anethol  to  200*--- 330* 
(393^—446*  F.)  with  potassic  hydrate  (rnmp.  p.  496).    It  combines  with 

bromine,  formin}^  a  crystalline  dibromide,  CH^O.CJl^.CjHjnrj;  but  when 
submitted  to  the  action  of  pbosphoric  pt'ntachloride  it  lurtjishes  monochloranetbol, 
C|,H„ClU  (Ladeuburg,  Ann.  Chem.  Fharm.  tSuj^.^  viii.  87).  By  tbe  action  of 
afnmg  sulphurie  add  and  of  several  other  reagente,  it  k  eonverted  into  what 
appear  to  be  polymeric  sahataneeit  (Cahonn;  Knot  and  Sehlim,  JaknA,  1863* 
55 1  ;  Parenoud,  Ann.  Chem.  Pharm.,  clxxxvii.  63).  On  oxidation  with  nitrieer 
cbroroic  acid,  it  yields  anisic  aldehyde,  C,H^((>('H,).COII,  and  anisic  or  para- 
methoxybenzoir  acid,  C,H^(O0H^).C0<)H  :  hence  the  C  H.  and  OCH,  groups  in 
anethol  are  relatively  in  the  position  i  :  4.  The  condtitutiou  of  the  C,U,  groap 
haa  not  yet  heen  determined  (comp.  Brlemneyer,  Dtmt.  them,  €h».  Ber.,  x.  6a8). 

(1595)  Simple  Ethers  derived  from  Polyhydric  Alcohols. 
— Ethylen'h;  Oxide  :  CgH^O. — This  ether,  the  isuiiicridc  of  acetic 
aldehyde,  was  first  described  by  AVurtz  in  1859,  who  obtained  it 
by  the  action  of  potassic  hydrate  on  the  chlorhydriii  of  jilycol 
CHgCl.CIIo.OH,  and  very  fully  investigated  its  properties.  Ac- 
cording to  i>eiDoIe  (Ann.  Chem,  Pharm,,  clxxiiL  laj)  it  u  more 
readily  prepared  in  the  following  manner : — 

A  mixture  of  i  mol.  proportion  of  a-dibromethane  (ethylenio  hrooDiide),  and 
2  mol.  proportions  of  dry  potassic  acetate  and  twice  the  weijfht  of  the  latter  of 
80  per  cent,  alcohol  is  heated  for  15  hours  at  So° — 100°  (9,")"— 2 1  2®  F.)  in  a 
flatik  attached  to  a  reversed  condenser.  The  potaanic  bromide  which  s^paraies 
is  then  filtered  off.  and  the  filtrate  distilled,  firtit  from  the  water  bath,  and  after- 
wards from  an  oil  bath.  The  portkm  whieh  paasee  orer  between  170"  and  185* 
(338<»— 365"  F  ),  consiKting  chiefly  of  the  monacetin  CH,(OH).CH,(C,^0^ 
18  saturated  at  100°  (213**  F.)  with  hydrochloric  acid  gas,  and  the 
product  dihtilled.  The  impure  ckloracetin,  rn./'l.CH,(C.^HX)„),  thus 
obtained  is  now  gradually  decomposed  with  pure  potassic  hj-drate  in  & 
capacious  flnRk  well  cooled  externally:  the  portion  boiling  at  110° — 150° 
(230"" — 302°  F.)  being  employed  for  thia  purpose;  the  nee  of  pure  alluU  ii  te 
be  recommended,  ae,  if  carbonate  be  present,  carbonio  anhydride  ie  ev<Jred  hH 
wards  the  end  of  the  operation,  and  occaaious  the  lose  of  much  of  the  highlj 
volatile  ethyh'nic  oxido.  When  the  amount  of  potasssic  hydrate  added  \a  judfjed 
to  be  sufficient  to  etlect  the  complete  decomposition  of  the  chlonicetin,  tbe  fla-k 
ib  alUiclied  to  a  reversed  condenser  which  is  in  connexion  with  a  receiver  cooled 
with  a  miitnie  of  ice  and  salt ;  the  llaak  it  thi  a  alightly  heated  so  as  to  eame  s 
regular  evolntion  of  gas.  This  operation  nqniree  eooaiderable  eare^  as  the  die- 
en<:;agement  of  gas  may  become  no  rapid  as  almost  toc;iUM>  m  eacplosion  ;  bat  this 
difficulty  may  perhaps  bo  obviated  by  tlte  intnxluction  of  sand  or  pieces  of  platinum 
into  the  flask.  According  to  Deniole,  it  is  not  advisable  to  dry  the  encaping 
vapourH  by  parsing  them  over  potassic  hydrate ;  the  dehydration  may  be  readily 
effbcted,  however*  by  distilling  the  prodnet.  In  thie  msnner  from 8 grama <^ 
the  ether  mmj  he  obtained  from  100  grams  of  bromide. 

Ethylenic  oxide  is  a  colourless  niohile  liquid  of  pleasant  odour, 
misciblc  in  all  proportions  with  water  and  alcohol  ;  it  boils  at 
13°"5  (56°  3  F.),  and  at  0°  (32°  F.)  haa  the  sp.  gr.  -898.  When  kept, 
it  aometimea  paaaea  apontaneoualy  into  a  white  ciyttalline  polj- 
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meride,  which  is  easilysolable  in  water  and  alcohol,and  melts  at  56** 
(l32°*8  F.)  (Wurtz,  Compt.  Rend.,  hxxiii.  1141).  Ethylenic  oxide 
has  marked  basin  properties,  exhibiting  in  many  of  its  reactions  the 
closest  resemblance  to  the  metallic  oxides,  such  as  calcic  oxide. 
Thus,  it  combines  slowly  with  water  at  ordinary  atmospheric 
temperatures  to  form  the  alcohol  CHj(0H).CH2(0H),  and  it 
anites  directly  with  acids,  forming  with  hydrochloric  acid,  for 
example,  tbeclilorhydhiiCH,Cl.CH,(OH),  the  combinatioii  taking 
place  as  mdily  as  that  of  ammoiiia  and  hydrochloric  acid^  and  with 
the  oxacids,  it  yields  add  ethereal  salts,  tnch  as  tlie  snlphate, 
CE,(OH).CH,(O.SOsH),  and  acetate,  CH,(OH).CH,(O.C,H,0) ; 
moreover,  it  enters  into  double  deoompositbn  with  the  salts  of 
magnesinm,alamininm,  iron,  copper,  and  other  lees  positiTe  metals, 
precipitating  the  corresponding  hydroxides,  thus : 

MgCl,  +  C,H,0  +  OH,  =  Mg{OH),  +  C,H^CLOH. 

MVMriendpM.      Ilhytaile^odte.  Ib«a«le1vdradd».  9ydrfo«(li7tatfleMl|ilni«. 

With  acetic  anhydride  it  forms  the  diacetate  (glycol  diacctin) 
C2H^(O.C2H30)2,  and  various  acetates  of  the  polycthylenic  alcohols, 
according  to  the  proportions  in  which  it  is  employed  and  the 
temperature  to  whicli  the  mixture  is  heated  ;  and  by  heating  it 
to  Too°  (2 1  a°)  with  hydrie  sodic  sulphite,  sodic  oxethylsulpbonate 
(isethionate)  is  produced  (£rlenmeyer,  ZeiU,  Chem.  [i],  it.  342) : 

CH,^  CH^OH 
\     \0  +  SO.UNa  s=  I 

ChJ  •  CH^lSOjNa) 

When  submitted  to  the  action  of  nascent  hydrogen,  it  furnishes 
ethylic  alcohol:  Cfifi-^zK^CfiyOH,  It  combines  with 
sulphuretted  hydrogen  at  100°  (a  19°  V,),  forming  the  thio- 
alcohol  HO.CgH^.SH.  It  also  readily  enters  into  reaction  with 
ammonia  and  primary  amines :  thus,  when  it  is  mixed  with  a 
concentrated  aqueous  solution  of  ammonia,  a  powerM  action 
takes  place  in  a  few  minutes,  and  on  evaporating  the  product 
over  the  water  bath,  and  saturating  the  residue  with  hydro- 
chloric acid,  a  mixture  of  the  hydrochlorides  of  mono-,  di-,  and 
tri-hydroxethylenamine  is  obtained  (Wurtz).  The  relation  of 
these  compounds  to  ethylenic  oxide  will  be  evideut  ou  inspection 
of  the  following  formulae : 

CH,.OH  |CH,.CHyOH  n(cH..CH,.0H)3. 

CH^NH,  V     »     i  ys 

Jilfiioiull^r 
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In  a  similar  manner,  when  a  mixture  of  etliylenic  oxide  and 
aniline  or  paratoluidine  is  allowed  to  stand  for  sonic  days  at 
the  ordinary  temperature,  the  phenyl  and  tolyl  derivatives 
corresponding  to  hydroxethylenamine,  C2H^(OH).NH.CgH5  and 
CgH,(()lI).NH.CglI^*.CH3,are  graduaUy  formed  (Demole, /oc.  cU.). 

Ethylenic  oxide  unites  with  bromine,  forming  a  yellowish-red 
crystalline  oomponnd  of  the  formula  C^HgO^Br,,  which  melts  at 
6^  (149^  F.)>  and  hoils  at  95^  (203^  ¥,),  yieldmg  an  orange- 
coloured  ▼apour,  which  condenses  to  crystals  on  cooling.  By 
the  action  of  metallic  mercury^  or  of  sulphnretted  hydrogen,  the 
bromine  is  readily  withdrawn  from  this  oompoand,  and  it  is 
oonTcrted  into  dkthyleme  dumde,  the  formation  of  which  may  be 
represented  by  the  equation : 

I  '  I  *  +  aHg  =  I  I  +  HgJBr,. 
CIIjBrCH,.OBr  CH,.O.CHj  ^* 

Below  9^  (48*^*2  F.)  it  is  a  colourleas  crystalline  substance,  soluble 
in  water,  alcohol,  and  ether;  it  boils  at  loa^  (215^*^  F-)^ 
0°  (32°  F.)  has  the  sp.  gr.  1048  ;  it  is  not  altered  when  heated 
with  ammonia,  and  acetic  anhydride  has  but  little  action  upon  it 
eren  at  iao°  (248**  F.).    (Wurtz,  Ann.  Chem.  Pharm.,  cxxii.  354.) 

An  isomeric  compound,  ethylenic  eihylidenic  dioxide ,  is  formed 
on  heating  a  mixture  of  ethylenic  alcohol  and  aldehyde  for  some 
days  at  100°  F.): 

I  +  CH..COH  =  I         CH.CiL  +  OH,. 

CH,.OH  '  CHyOJ        ^  ■ 

Although  formed  of  the  elements  of  a  molecule  of  ethylenic  oxide 
and  of  a  molecule  of  aldehyde,  this  compound  apparently  cannot 
be  directly  obtained  by  heating  these  two  substances  together 
to  loo'^  (212°  F.),  the  aldehyde  being  resinified  while  the  ethylenic 
oxide  remains  entirely  unchanged.  It  is  a  colourless  liquid, 
having  an  agreeable  but  rather  pungent  odour,  somewhat  resem- 
bling that  of  aldehyde,  easily  soluble  in  water;  it  boils  at  82*^-5 
(i8o°'5  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  i'oo2.  ^Vhe^ 
heated  to  140°  (284°  F.)  with  acetic  acid,  it  yields  glycol  diacetin, 
C^H4(C2U30g)2,  together  with  a  much  more  volatile  product 
having  a  pungent  odour  (?crotonic  aldehyde).  (Wurtz,  Utid,, 
cxx.  328.) 

(1596)  HbvoLoousB  09  Bthtlkiiic  Oxn».— VwyKttltittaiownoftliiw 
compwaad^  JPrcffl&me  ocdde,  C,H,0,  prepared  by  ih«  setioii  ol  poteMio 
bydnte  on  fbs  eUorbjdrin  of  piopyknie  gljeol,  CH^Cfi€9.GH,(0H),  boOt  at 
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35*  (93**  ^  a»<^  at  0°  (32°  F.)  hasthe  sp.  gr.  '859  (Oser,  {hid.,  sup.  i.  255)  ; 
it  is  converted  into  isopropylic  alcohol  by  the  action  of  niLscont  hydrogen  (Lin- 
nemann).  According  to  liauer  (t6tt/.,  cxv.  89),  the  amj/lenie  oxide,  C^Hj^O, 
prepared  from  amyleciic  glycol  (from  ordinaij  amylene),  bmk  at  ftbout  95° 
(203°  F.) ;  it  is  uowoluble  in  water,  and,  when  heated  with  it,  is  not  converted 
into  the  glycol ;  it  also  does  not  readily  enter  into  reaction  with  acetic  acid.  By 
the  action  of  arj^entic  oxide  on  the  diicnlhexane  formed  by  oorabining  diallyl  with 
hydriodic  acid,  a  he.ri/lenic  oxide,  C^Hj^O,  has  been  obtain'^d  which  apinmrs  to 
be  identical  with  that  produced  by  treating  diallyl  with  dilute  sulphuric  acid 
(p.  aao);  it  boila  tt  93°— 95°  (i  99'''4 — 303°  F.).  A  number  of  homologuee 
of  ethylenic  oxide  whid^  are  probably  all  of  similar  eoostitution  may  be  obtained 
by  heating  the  pinacoDse  or  dihydrio  idoohoU of  the  oompontion  [C(C||H|M-i)f  OH]^ 
with  dilute  sulphorio  aeid ;  thus : 

-  OH. .  r^':^ 


Plnaoolto. 

These  pinacolins  are  chiefly  of  interest  on  account  of  their  behaviour  with  naacent 
hydrogen,  and  will  be  again  referred  to  when  the  ketones  are  described. 

(1597)  6i>T0BU0  Bthib  ob  Alltuc  Tbioztdb:  (C,H J/),.— This  ooai'' 
pound,  which  may  be  regarded  as  the  analogue  of  bismuthic  tnoxide,  appears  to 
be  formed  on  distilling  glycerol  with  calcic  chloride,  and  as  a  by  product  in  the 
preparation  of  allylic  alcohol  from  {glycerol  and  oxalic  acid.  It  is  a  colourless, 
slightly  viscid  liquid,  having  a  mint-like  odour,  soluble  in  about  twenty  parts  of 
water;  it  boil«  at  169** — 173"  (336°"2 — 343  4  F.).  By  heating  with  water  to 
140°  (284''  F.),  it  is  isoonTorted  into  glycerol  (Linoemaan  and  Zotta,  ihid,, 
mp.  viii.  257  ;  ToUens,  Deut.  chem.  Oes.  Ber.,  r.  68)^ 

No  simple  ethers  derived  from  the  oroinolsin  the  same  manner  that  ethylenic 
oxide  ifi  derived  from  glycol  have  been  prepared  ;  sm  h  compounds,  in  fact,  are 
generally  supposed  to  be  incapable  of  existing,  a«  all  attempts  to  obtain  bodies 
formed  by  the  displacement  of  more  than  one  hydrogen  atom  in  benzene  and 
analogous  liydroearbaM  bgr  the  same  ladiAle  have  been  unsuoeessfiiL  The  oolj 
ether  which  remains  to  be  mentioned  b  diphenylsme  oxide,  Gj,H,0,  which  is 
obtained  by  distilling  phenylic  phosphate  with  a  large  excess  of  lime  (Hoffmeister, 
s6i(f.,  clix.  211).  It  crystallizes  frt^ra  alcohol  in  small  colourless  platen  having 
a  pleasant  odour,  which  melt  at  about  80°  (176"  F.) ;  it  boils  at  about  273" 
(523°'4  F.}.  It  Ia  a  body  of  remarkable  stability,  ckMely  resembling  phenyl 
etiier,  from  whioh  it  may  be  regarded  as  deriTod  bj  the  withdwwal  of  two 
stoma  of  hydrogen;  thus: 


C.H.  ) 

Dipheiijl  oiidc.  Dipbenjicue  oxide. 


I*  *  0 

C.H.  I 


(1598)  Mixed  Etiieus  dkrivkd  from  Polyhyduic  and  Monoeitdbic 
Alcohols.  —These  compounds,  ot  which  but  few  are  known,  are  the  analogues  of 
the  mixed  oxides,  such  as  sodic  ziucic  oxide  (sodic  ziucate),  Zu(ONa),,  formed  by 
tiie  aetioo  upon  each  other  of  the  oxides  or  hydroxides  of  a  mors  and  of  a  less 
positive  metal.  Those  derivsd  in  this  manner  from  the  glycols  and  the  al- 
oohols  of  the  ethyltc  series  are  prepared  by  the  action  of  the  monohaloid  de- 
rivatives of  the  paraffins  on  the  disodium  derivatives  of  the  glycols,  or  on  the 
monosodium  derivatives  of  the  ether-alcohols,  CnII.n(^^^^)  CnH,n(OCuHjn  ^.  j), 
derived  from  the  glycols,  the  latter  being  a  method  which  may  be  employed  fiir 
tile  preparation  of  ethen  eontaining  three  dissimilar  ladiolfls;  fisr  example: 
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CH,(ON»).CH,(OC^^  +  CH,I  «  CH/OC,HJ.CH,(OCH^  +  N«L 
8odlo«llvllefflhyleoi«t.  ■thytantmtlijItllvlMlhMr. 

A  number  of  mixed  ethen  derived  in  a  similar  manner  from  the  aldAydvob 
ieomerio  with  the  glycols  are  obtained  by  the  direct  action  of  the  aldehydes  of 
the  acetic  seriea  on  the  aloohole  of  the  eUijUe  leEiea ;  theee  ethera  ace  fiequently 
termed  aoetals : 

CH^OOH  -1.  3C^..0H  =  OH.  -¥  CH^CH(OCjaj^ 

The  ethers  thas  formed  from  the  dihydrio  alooholt  of  the  CaH,B(OH),  seriea 

are  colourless  liquida  of  agreeable  odour,  and  exhibit  the  closest  resemblance 
in  propertit-»  to  the  mixed  ethers  derived  from  monohydrie  aloohob  of  the 

CgH^n  ^  ,.()H  Keries. 

On  the  other  hand,  those  derived  from  the  glycols  and  phenols,  of  which 
ethykmediphenyl  ether  formed  by  the  aofeion  of  a-dibfomethaneon  aodinm  phenol : 
C^,Br,4-3C,U,.0NasC^/0C,HJ,  +  2NaBr.  U  an  tamm^  maniftet  pro- 

pertie8  similar  t<»  those  of  anisol  or  methyl  phenyl  ether. 

Ethylene  diethyl  ether,  CH3((K^,H^).CII,(0C\H,),  is  a  mobile,  colourless 
liquid,  havin<^  a  fragrant  etherenl  odour;  it  boils  at  I23°'5  (253°"4  ^'•)-  '^^^ 
iiwmeric  ethyl idene  diethyl  ether  or  acetal,  CH^.CH(OC,H^),,  which  one  of 
tbepcoduela  of  the  inoomplete  oxidation  of  aloohel,  hnt  la  more  readily  prepared 
by  heating  a  mixture  of  aldebydeand  anhydiooa  aleohol  at  ioo'*(2i9'*  F.), 
boils  at  about  105*'  (331*  F.). 

These  two  ethers  cannot  be  advantageously  prepared  from  sodic  ethvlate  and 
the  corresponding  dibroniethanes,  as  these  latter  are  chiefly  converted  into 
bromethylene  when  tUuji  treated  ;  and  whereas  a  cerUun  amount  of  acetal  is 
Ibrmed  from  3-dibroaetiiane  (ethylidene  bromide),  the  corresponding  /9-diehkr» 
ethane  fomishea  only  monoehlorethylene  when  antnnitted  to  the  aetion  of  aodie 
ethylate. 

The  only  Immologues  of  acetal  at  present  known  are  mrfhylf^ne  dimethyl 
ether  or  meihylal  (formal),  CHj((X.'IIj,)j,  which  is  obtained  in  sniall  quantity 
by  distilling  raethyliu  alcohol  with  sulphuric  acid  and  manganic  peroxide; 
etkj^eM  dim&tl^l  tiher,  CH,.CH(0C,UJ,,  prepwned  in  a  aimihur  manner  from 
a  mixtnie  of  methyUo  and  ethyUo  aleohol,  but  more  readily  obtauned  by  heating 
aldehyde  with  anhydzooe  methylie  aleohol ;  and  tH^fliimt  mUk§l  e^yZ  tthsr^ 

ch,.ch| 

f  )C  H  ^"  ^M™*^  together  with  the  laet-mentioned  ether  on 

oxidizing  a  mixture  of  methylie  and  ethylic  alcohoU.  They  are  colourless 
liquids  like  aoetal,  the  fint  of  which  boib  at  42°  (io7**'6  F.),  the  eeoond  tt 
aboot  64^  (i47'*'a  F.),  and  the  third  at  about  85"*  (185"  F.) ;  methyhJ  dissolvea 

in  thrice  its  volume  of  water,  but  may  be  separated  from  the  solution  by  the 
addition  of  caustic  alkali ;  the  homologona  etheta  diminish  in  solubility  aa  their 
molecular  weight  intieases. 

The  ethers  derived  irom  the  glycols  are  much  more  stable  compounds  than 
the  ieomerie  ethere  derived  from  the  aldehydrola.  Like  most  ethere,  both  of  them 
resist  the  action  of  alkalies,  but  are  without  diffiodfy  deeompoeed  by  aeide  1 
thus,  on  heating  aoetal  with  glacial  acetic  acid,  it  yields  othylio  acetate  and 
aldehyde  By  carefully  mtxin','  the  acetals  with  concentrated  sulphuric  acid, 
solutions  are  obtained  whicli  appear  to  contain  the  corresponding;  aidt-hydrols— 
or  acid  sulphates  formed  from  them — -which  may  oflen  be  einployod  in  eliecting 

reaetiona  whleh  eannot  be  realised  bj  dfreotly  employing  the  aldehydes ;  bat  the 
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aldehydes  cannot  as  a  rule  be  separated  from  these  solutions  since  thej  rapidlj 
undergo  change  under  the  inflnenee  of  the  aeid : 

Acotal.  Aldehjdrol. 

When  exposed  to  moist  air  in  contact  with  platinum  black,  the  acetals  readily 
absorb  oxygen,  and  are  converted  lirstinto  the  corresponding  aldehydes, and  then 
into  acids  of  the  acetic  series. 

It  htm  alreadj  becD  pointed  oat  (p.  429)  thit  when  eUorine  »  fumtd  into 
•qneooe  aloohol,  aoetal  is  pcodueed ;  Lieben  and  Pntemo  have  ehown  that  if  the 
action  of  chloriue  be  continued,  mono-,  di-  and  tri'chlonu.'ctal  are  formed.  If 
pure  aoetal  be  submitted  to  the  action  of  chlorine,  much  heat  is  developed,  the 
chlorine  being  absorbed  with  avidity ;  if  the  acetal  be  carefully  cooled,  the  whole 
of  the  hydrochloric  acid  remains  in  solutiou,  but  on  distilling  the  product  wiien 
the  amoont  of  chlorine  abiorbed  ooweeponda  to  that  reqaiied  fiw  the  fimnatioo  of 
monoohloTaoetal,  it  ia  fotud  that  one  half  the  aoelil  ia  nnalftoted,  and  that  tha 
produirt  consists  almoat  entirely  of  the  dichlorinated  derinrtive  (Pinner,  DeuL 
ckem.  Oes.  Ber.,  v.  147).  Monobromarefal,  howpver,  is  readily  produced  on 
mixing  bromine  with  well  cooled  acetal  in  the  required  proportions ;  and  mono- 
chlorauetal  may  be  prepared  by  heating  dichlorether  (p.  672)  with  sodic 
athjlata. 

MimoekloraeM:  GH,CLCH(00,H^.  boib  at  157**  (SM^'d  P.).  Momh 

hromacetal:  CH,Br.CH(OC^J^  is  a  colourless  liquid  insoluble  in  water, 
boiling  with  partial  decomposition  at  170"^  (33'^°  by  heating  it  for  twelve 
hours  at  160" — 180**  (320° — 356^^  F.)  with  an  alcoholic  solution  of  potassic 
hydrate,  it  is  converted  into  the  ether-alcohol  ClIj(UH).ClI(OC  H^)^  the  ethylio 
dacivaUve  of  which  ia  prodnced  on  heating  broaiMetal  to  i6o  (320**  F.)  with 
a  eoocentrated  aolntkm  of  aodie  ethyktOi  Both  are  eolourieea  Uqnida  of  agrocable 
odoor.  boiling  at  167*  (332''-6  P.)  and  164'  (327**2  P.)  leepectively ;  they  are 
completely  decomp  >8ed  by  atrong  aoida,  without^  howafcr,  funJahing  well 
characterized  products. 

Dichloracetal :  CHCl,.CH(OC,H,),,  is  a  colourless  liquid  which  boiU  at 
180°  (356"*  F.);  on  distillation  with  sulphoric  aeid,itfiumiaheadichkialdehyde, 
CHCl^COH ;  and  by  the  action  of  aodie  ethylate  at  160*  (520''  P.),  H  ia  con- 
verted into  the  ether  Cn(OC,H,),.CH(OC,H,),  dcflTed  from  sthyUo  alcohol  and 
the  tetrahydric  alcohol  (di&ldehydrol)  CH(OH),.CH(()H), ;  this  ether  is  a 
colourless  fragrant  liquid,  insoluble  in,  and  lighter  thai»,  water,  and  boils  at  about 
180"  (356  F.)  witliout  undergoing  decomposition  (Pinner,  loc.  dL). 

jl^riekhraeeial  is  formed,  although  in  small  quantity,  together  with  didikw- 
acetal,  by  the  action  of  chlorine  on  common  aleoliol  at  80*  (176"  P.)*  and  may 
be  separated  by  fractional  distillation  ;  it  crystallizes  in  needles,  which  melt  at 
72*^  (i6i'''6  F.),  and  boils  with  slight  decomposition  at  230"  (446"  F.).  This 
compound  is  perhaps  represented  by  the  formula  CHCl,  r('l(<  )t'^H^)^,  as  it  is 
isomeric  with  the  trichloracetal  produced  on  heating  tetrachlorether  (p.  67 2), 
CC1,.CUC1(0U,H,).  with  alcohol  in  sealed  tabea  at  lOO**  (212**  P.)  and  which 
therefore  hae  the  formahi  CC1,.0H,  (OC\H  J, ;  thia  latter  ia  a  colourleae  liquid, 
which  boils  at  205°  (401**  F.);  when  decomposed  with  water  or  sulphuric  add 
it  furnishes  trichloraldehyde  (Paterno  and  Piaati»  OoM.  ehim,  UaL,  ii*333; 
■Wurtz  and  Vogt,  Cumyt.  Rend.,  Ixxiv.  277). 

(1599)  Ethkks  derived  fkom  the  Obcinolb  aud  Alcohols  op  the 
Ethtlic  Skbibs. — ^These  ethers  are  prepared,  either  by  heating  an  intimate 
mixtnre  of  an  wwuA  with  potaaeie  hydrate  and  methjUc  potaiaie  ralphateor  one 
of  it<«  homologues  in  sealed  tabes  to  aboot  l6o^  (3 P.) ;  or  by  heating  the 
oroinoU  with  potaiaie  hydrate  and  an  iodoparaffin  at  loo^— lao^  (3 1 a"*— 348''F.)  { 
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or  by  dit;pstiiip^  the  sodium  or  potassium  derivatives  of  the  other  alcohols,  such 
ati  meth \ kaU'choi  (guaiacol),  C,HJ0H).(;>€U,,  with  an  iodopaiaiho  aud  tbe 
corresponding  alcohol — this  last  being  used  merely  as  a  aoWent.    Bj  tin  M 
mentioned  method,  HUwiwetz  and  Sbibermann  (^im.  CSum,  JPkmrm,  dnA 
340)  and  Habermann  (Deut  ekem,  Qm,  Btr.,  x.  867)  rwpectivelj  have  pre- 
pared the  dimethyl-derivatives  of  quinol  (bydroquinone)  and  re9orcin>^l ; 
Hecond  has  been  employed  by  de  Luyne«  and  Lionet  ( Compt.  Rend.,  liv.  213I 
in  preparing,'  the  derivatives  of  orciuol ;  and  dimethylcatechol  (dimelhyipyraate- 
chin)  and  dimethylhomocateohul  have  been  prepared  by  the  last  moutioeti 
method,  the  former  htmog  alao  heen  oMned  by  dietUling  the  modifieilMi  «f 
dimeChosybenBoio  aeid  derived  from  protocttoohiiic  aeid  with  lime.    With  the 
exception  of  the  quinol  derivative*  which  is  a  crystalline  Molid,  melting  at 
55°— 56'  (131"— 132°-8  F.),  they  are  said  to  be  colourless,  highly  refractive 
liquids  of  not  onpleaeant  odoor,  inecduble  in  water ;  their  boiling  points  an  » 
follows : 

Orthodiroethoxybeniene,  or  catechol  dimethylin  .  ^  (  205°— *<» 

Metadimethoxy benzene,  or  resorcinol  dimethyliu  .  >PjH^(OCH^<  214"— 2 15' 
Paradimethoxybenaene,  or  quinol  dimetliylin  .  .  j  (  204^—205* 

Orcinol  dimethylin  )         ^     (OCH  \  I 

Homocatecbol  dimethjlin  /      •*  • 

According  to  Koerner,  the  so-called  Veratrol,  C^H.^^Oj,  which  is  obtiind 
on  submitting  a  mixture  of  veratric  acid,  Cj,Hj  O^,  and  baryta  to  dry  distilUtioiiii 
is  catechol  dimethylin,  veratric  acid  being  identical  with  dimethyl-protocatednie 
a^.  It  ia  a  cryitaUine  aobatanoe,  of  jdeaeant  aromade  odoor*  whidi  auk*  ^ 
if  (59*  F.),  and  boOa  at  aboat  205''  (401''  F.}.  It  fhrniehaa  cqFileHtt 
nitro-  and  bromo-derivativeA  (lleiek^  Asm,  Cft«m.  Pkatm^  tmSau  58 ;  Koano^ 
Qaz.  chim.  if  ah,  vi.  142). 

According  to  de  Luynes  and  Lionet,  it  is  possible  to  displace  three  atoms  of 
hydrogen  in  orcinol  by  methyl  or  ethyl  by  heating  it  with  a  large  exoe»  of 
poiaisio  hydrate  and  of  methy lie  or  ethy lie  iodide ;  the  trimethyl  derivilivt  a 
aaid  to  boU  at  about  250"  (482''  F.),  and  the  triethyl  Mfativa  at  alMt 
265°  (509*  F.).  The  formation  of  ethers  derived  from  bomologues  of  ordnol 
in  this  manner  appears  highly  remarkable,  and,  as  the  nactaoa  la  W^utk 
preoedeat»  it  ie  eepMially  deeer^ng  of  further  inveetigation. 

§  II.  Ether-Alcohols. 

The  ether-alcohols  are  compounds  formed  from  polyhydric  alcohols  either  If 
the  abstraction  of  the  elements  of  one  or  more  molecules  of  water,  in  such  pro* 
portions,  however,  that  one  or  more  of  the  hydroxyl  groups  remain  unaiiLHrtc^ 
or  by  the  displacMneot  of  one  or  mora,  hot  'not  all,  of  tibe  hydrogen  atome  ia  At 
OH  groiipa  by  tbe  eo-called  aleohd  ndielea.  They  thanim  alill  eahibit  Ai 
characteristic  properties  of  alcohols,  although  neceaaarily  of  alcobok  of  loiW 
hydricity  than  the  polyhydric  alcohols  from  which  they  are  derived.  1^ 
so-called  glycide,  and  the  mon-  and  di-ethylina  of  glyoerol  (glycerin)  are  estmpio 
of  the  two  classes  of  ether*alcohols  : 

CH  )^  CHj.OC,H,  CH^OC\H, 

CH  '  .CH.OH  CH.OH 

CH^OH  CH,.OH  CH^OC^ 

eirddou  CH||esral4MlMllvltak  Ot|W»el  iMkflm. 

(1600)  Gltcidb:  C^H^Og.— To  prepare  this  compound,  epichlorhydrin 
543)  ia  heated  with  potaaaie  aoetat^  and  the  prodoot  lobmitted  to  fiaotei 
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distillation;  th.'  portion  wliich  boils  at  about  168"  (334**4  F.),  consistinjr  of 
the  acetate  1 .()(('; H^OJ,  is  dissolved  in  ether.  decomjx)sed  by  pulveriztKl 
aodic  hydrate,  ami  tho  i,'lyci<le  separated  by  distillation.  It  is  a  mobile  liquid, 
Iwifin^  at  abiiut  1O2'  (323^*6  F.),  soluble  in  all  proportiooA  in  water,  alcohol^ 
and  ether }  it  is  eoavtrtad  bto  glycerol  by  theaetiimof  waler  at  ioo'*(ai9*  F.), 
and  readily  oomlMiMa  with  hydroohlorio  aoid  (0fger61t»  BmlL  8oe,  Ckim,  [«}, 
xxiii.  160). 

The  8o>called  mannitane  and  dulcitane  produced  by  heatinj^  mannitol  and 
dalcitul,  and  by  the  action  of  alkalies  on  the  chlor-  and  brom-hydrins  ot*  these 
aloohola  belong  to  the  class  of  ether-alcohols  ;  but  little  is  known  of  their  pro- 
pntiea,  however,  and  it  ia  even  doubtful  whether  they  have  been  prtpared  in  a 
pQVB  state,  aa  ihey  are  all  amoiphoua  sobetaaoM  (oooap.  Booehardat*  ^wi.  CMm, 
PAy*.  [4].  xxvii.  146). 

(1601)  Ethbh-alcohols  debivbd  fhom  Dihydbtc  Alcohols  of  the 
CnH2,.((JH),  Series.^ Glycol Monethylin  :  CH,(()Ii).CH,(C)<:'3H^).— This  com- 
pound in  prepared  by  dissolving  sodium  in  glycol,  and  heating  the  resulting 
monotiodiuni  glycol  with  ethylic  iodide.  The  homologous  compoundii  could 
doabtleM  be  elyfeBbed  in  a  ritailar  naaaer.  It  ia  abo  fomiad  bj  the  diveot 
comhination  of  ethylenic  oxide  with  ethylie  akohoL  It  it  a  ooknuieM  liquid 
of  plaaaaiit  etheieal  odour,. and  buiU  at  127"  (26o'''6  F.). 

Corresponding  compounds  derived  from  the  aldehydrols  do  not  appear  to  be 
capable  of  existing,  but  their  chlorinated  derivatives  may  n-adiiy  he  obtained 
by  combining  chlorinated  aldehydes  of  the  CnH^n  4  ,.COH  t^eries  with  the 
aleohols  of  the  ethylic  series.  Thus  on  mixing  trichloraldebyde  or  chloral, 
OC1,.OOH,  with  abeolnte  alodhbl,  a  ooiwideimUa  amoirot  of  heat  ia  developed, 
and  after  a  time  the  mixtnre  lolififica  to  a  mane  of  erystali*  of  the  monethylin  of 
triohloraldehydrol  (so-called  chloral-alcoholate),  CCl,.CH(0H).0C2H,.  This 
oompoond  melt^  at  56"  (i32°-8  F.),  and  boils  at  about  115°  (239°  F.),  but  the 
▼aponr  appears  to  consist  of  a  mixture  of  chloral  and  alcohol;  on  treatment 
with  acetic  chloride  it  is  converted  into  the  acetate  CCl,.CH(0C,H,).C,H,O^ 
•ad  when  distilled  with  phosphoric  pentaeUoride  it  foraiabes  tetraehlonthor 

(^  67a). 

The  homologous  compounds  may  be  obtained  by  employing  the  homologues 
of  ethylic  alcohol.  According  to  Henry  (Deut.  chem.  Gen.  Ber.,  vii.  763),  the 
more  poeitive  the  alcohol  radicle,  the  greater  the  heat  developed  in  their  formation, 
more  heat,  for  example,  being  developed  by  the  union  of  chloral  with  methylio 
than  with  ethylic  alcohol.  Like  the  etliyliu,  tliese  compoundii  ail  undergo 
diwoeiation  when  eooTerted  into  vapoor;  they  are  readily  deoompoaed  by 
anlphuric  aaid,  yielding  chloral  and  an  aeid  ethereal  sulphate ;  and  thejr  are  alao 
readily  decomposed  by  cauntic  alkalies  :  they  are,  in  fact,  far  less  stable  bodice 
than  the  ether- alcohols  derived  from  the  glycols,  which  may  be  volatilized  un- 
changed. Ciiloral  also  forma  a  crystalline  ether-alcohol  with  mercaptan,  the 
oompwition  of  which  is  cither  €Cl,.CH(Sn).()C.^H^  or  CC1,.CH(0H).SC,H, 
(Hartina  and  Mendeluohu-Bartholdy,  ibid.,  iii.  443). 

(1602)  ]SniB]k*A£0OHOU  DISITBP  ISOK  TBB  DiHTPBIO  AlOOHOtS  OF 

^nHtD-ii(^H),  Sbbibs. — number  of  ether-aloohols  derived  from  the  onnnola 
and  alcohols  of  the  ethylic  series  have  been  prepared  by  heating  the  oroinols  with 
I>otas8ii;  hydrate  and  methylic  pota-ssic  sulphate  or  the  moniodoparaffins.  The 
inoiioniethylins  of  catechol  and  homoc^tecliol  are  the  principal  constitoenta  of 
wood  tar  creaitote,  and  are  known  respectively  as  guaiacol  and  creoaol. 

Oiudmea  or  OUaolet  Momtm^ti^lm  :  C,H,(OH).OCU,  (OU :  OOH,  - 1 : a), 
»  t\e  chief  conatitoeot  of  the  portkm  of  ereaaote  which  boila  at  about  aoo* 
^9''°  {  it  may  be  artificially  prepared  by  heating  a  mixture  of  the  theoretical 
{■opoctions  of  cataohol  (pyrocatechin),  potaaaac  hjdiab,  and  potaaaio  metbylie 
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•olphttta,  hi  sedcd  tnben,  at  170"— i8o®  (338°— 356*'  F.)  (Gorup-Pwnrf, 
Ann.  Chem.  Piarm.,  cxivii.  347).'  Gwmool  is  a  ooloorleas  liquid,  having  a 
peculiar  pleasant  aromatic  odour,  and  borniDg  taste;  it  boils  at  about  199^ 
(390°"2  v.).    It  is  almost  insoluble  in  water,  but  dissolves  readily  in  alcohol 
and  ether.    When  mixed  with  an  alcoholic  solution  of  ferric  chloride  it  produce* 
an  emerald-green  ooloor.    Fotasaium  and  sodium  dissolve  in  it.  forming  corre- 
•ponding  matelUe  deri^atiraft;  whan  misad  with  «nnioiiu»  it  ■olidifies  to  a 
crystalline  mass;  whilit  witii  <dier  and  a  concentrated  aloobdie  solution 
of  potassic  hydrate,  a  crystalline  potassium  derivative  of  the  composition 
CyH.K< ),;,('. H^O.j  +  OHj  is  obtained.    It  also  yields  crvstalline  metallic  deriva- 
tives containing  metals  of  the  alkaline  earths.    These  metallic  derivativea  are 
all  very,  soluble  in  water,  and  also  disaolTe  in  alcohol  and  ether,  but  their  aola- 
tiona  are  entremely  uoataU^  and  leadily  deoompooe  oa  «p(wiire  to  tli*  air. 
Guaiacol  reduces  gold  and  silver  salts  to  the  metallic  state.    When  heated  with 
hydriodic  acid,  it  yields  catechol  and  mathylio  iodide  ;  and  by  distilling  it  owtt 
heated  zinc  dust,  methyl  phenyl  ether,  or  ailisol,  CgH^.OCH,,  is  produced. 

Creosol.  or  Homocatechol  Monomethylin  :  CH,.CjHj(OH).OCH,,  which  is 
chiefly  contained  in  the  portion  of  creosote  boiling  at  about  220^  (4^^  ^')» 
maoiliMti  tha  doMtt  fMonMance  ia  ita  propertiat  to  catoehol.    By  ooavcrtiBg 
it  into  tha  dimethyl  ether,  CH,.C^OCH by  digwting  ite  polaniam  da- 
rivative  with  methylic  iodide,  oxidizing  thia  ether  with  potassic  permang^anate, 
and  fusing  the  resulting  dimethoxybenzoic  acid  with  potassic  hydrate,  «SbC.,  the 
modiflcation  of  dioxybenzoic  acid  known  as  protocAtechuic  acid  is  obtained,  thus 
proving  that  the  methyl  and  OU  groups  in  homocatechol  occupy  the  relative 
poaitioDe        :  OH  i  OHe  1  :  3  :  4  (Tiematin  and  Mandalaohn,  3)mtl.  oktm, 
Qm,  Bar.,  viu.  1136) ;  and  by  ozidkingacetooieneoU  CH,.C,H,(0CH^0AO^ 
with  potassic  permanganate,  and  subsequently  displaotng  the  acetyl  group  in  the 
resulting  acid  by  hydrogen  by  heatinf^  it  carefully  with  sodic  hydrate,  vanillic 
acid,  C,Hj(()II)((X'n3).C(>Oli,  is  obuined,  in  which  (q.v.)  the  CK'H^  group 
has  been  shown  to  occupy  the  meta  pwition  relatively  to  the  COOH  group: 
henoe  the  oonatitotion  of  ciaoeol ia lapteeeirtad b the formola  CHg:0CH,:OHB 
1:3:4  {ibid.,  JL  58). 

The  monomethylin  of  resorcinol  is  a  liquid  which  may  be  cooled  to  —  1 7''*5 
(•5*  F.)  without  solidifying;  it  boils  at  about  244°  (47i°'2  F.),  and  unlike 
guaiacol  does  not  volatilize  in  a  current  of  steam.  Its  aqueous  solatun  is 
coloured  violet  by  ferric  chloride  (Uabermaon,  ibid,,  z.  868). 

Quinol  (hydroquinone)  mcmofiMjfUm  fiwaia  pmialie  aiyetala»  whie^  mK* 
S$'i}V''4  >t  boiia  at  about  243^  (469N  f),  and  ia  hat  lUghffy 
volatile  in  a  current  of  steam.  It  is  obtained,  together  with  qiinol  and  a  glucose, 
on  heating  arbutin  with  dilute  sulphuric  acid,  and  may  be  prepared  artiticially  by 
heating  quinol  with  potassic  hydrate  and  potassic  methylic  sulphate  (Ulasiwetx 
and  Uabermann,  Ann.  Chem.  I*karm.,  cLuviL  334). 

Tha  numomethylin  and  monetbylin  of  ofoiaol  afa  lald  toha  Bqoid  aohataaoaa 
(da  Inqmea  and  Lktael^ 

(1603)  EuGENOL:  C,H,.C,H,(OH).OCH,.--This  compound  is  tha  chief 
constituent  of  oil  of  cloves.  It  is  a  coloarle&s,  highly  refractive  liquid,  of  plea!«ant 
aromatic  odour;  it  boils  at  247°*5  (477'''5  ^•)'  distillation  is  partially 

converted  into  a  resinous  polymeride.  It  has  the  sp.  gr.  i  '07  79  at  (32""  F.), 
and  1*0630  at  18"  5  (65°  3  F.).  It  disMlTW  m  alaohol,  athnr,  aad  aoeCio  add, 
hnt  ia  almoat  inaolobla  in  water;  the  alooholio  loltttion  ia  ooloafad  bhia  by  ftnrio 
.ahloride.  Alfetiongh  without  action  ou  vegetable  colours,  ijdiiaalfae  in  alhalim, 
and  furnishes  a  number  of  crystalline  metallic  derivatives  corresponding  in  com- 
position to  the  potassium  derivative  CjH,.CJI,(OK).OOHj.  ^^'hen  it  is  heated 
with  hydriodic  acid,  methylic  iodide  ia  produced.    On  digestion  with  potaaaio 
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bjdnte  andetbylic  bromide  it  is  converted  into  the  ether  C,H,.C^H,(OC^,).OC  H^; 
this  boiki  afe  254°  {4Sg°'2  F.)>  but  is  pwrtUIIy  oonverted  into  a  orjitalUne 
polyiMride,  melting  at  125**  (257*  F.).    When  oxidiiad  witli  ehromio  add 

mixtiire,  it  is  oonverted  into  the  acid  CV.H,(OCH,)(OC,H,).COOH,  which  yields 
protocatechuic  acid,  C,Hj(C)H)  .COUlI,  on  digestion  with  hydriodic  acid  solution 
at  120^ — ^30°  (248'' — 266°  F.)  (Erlenmeyer  and  Wasserniann,  Anti.  C/iem. 
Phann.  clxxix.  366).  Hy  di^eiiting  eu^^enol  with  acetic  aniiydride,  acetoeugenol, 
C,H,.C,H,(0CHJC,H,0,,  is  produced,  whiflh  on  oudaliim  with  poteeeie  permen- 
guiate  yields  a  nixtareofthe  acetyl  derivatiTesof  «ajMWji,C,H,(OHXOCH,)COH, 
vamHUe  acid,  C,H,(0H)(0CH3).C00H,  and  of  the  homologous  acid  a-homo» 
TaniUic  acid,  C,H,(OH)(OCH,).CH,.C( M)ll  (Tiemann  and  N;i-ai,  Deut.  c/n  m. 
Ge.s.  Ber.,  ix.  52,  418;  x.  201).  The  formation  of  protocatechuic  acid  and 
of  vauillin  (q.v.)  from  eugenol  is  a  proof  that  the  side  chains  are  relatively 
in  the  positkm  C,H^ :  OCH, :  OH  =  1:3:4*  whilst  the  fonnation  of  «-homo- 
vaaiOie  aeid  renders  it  not  impNliaUe  tbst  tlie  C,H^  group  hsa  the  eonstitatioD 
CH,.CHzzCH,. 

(1604)  ExHER-ALConoLS  DERIVED  FROM  GLYCEROL. — These  componndn;  are 
formed  by  the  action  of  the  sodium  derivativetj  of  alcoholw  of  the  ethylic  and 
other  series  on  the  chloriiydrins  of  glycerol  (glycerin),  but,  as  yet,  very  few  have 
been  prepared.  Thus  by  the  action  of  sodie  ethylate  on  the  monoohlorhydrin,  the 
moimikylin  C,H,(OH),.0€,H,  is  prodnoed,  and  the  dichlorhydrin  may  be 
converted  into  the  diethylin  C,H,(OH)(OCjHj)j  in  a  similar  manner ;  both  are 
liquid  substances,  and  boil  respectively  at  about  230"  (44'^)'^  F.)  and  191° 
(375°*8  F.).  By  dissolving  sodium  in  the  latter,  and  tiien  submitting  the 
product  to  the  action  of  etliylic  iodide,  the  Iriethylin  C,H,(UC,H,),  is  produced, 
which  boils  at  tdwut  185''  (365"  F.).  The  fimt  of  these  compounds  is  solnble 
in  water,  the  second  is  but  slightly  soluble,  and  the  third  insoluble.  Olyeeral 
triethylin  and  the  homologous  compounds  may  also  be  obUiined  by  lieiitlng 
acrylic  aldehyde  with  the  alcohols  of  the  ethylio  series  (Ahlsbeig,  Jakretb,, 
1864,  494). 

By  the  withdrawal  of  the  elements  of  a  molecule  of  water  from  glycerol 
monethylin  and  its  homologues,  a  series  of  ethers  derived  fiom  glycid  may  be 
obtained :  C,H.(OH),  OC,II,  -  OH,  -  C,H.O.OC,H,. 

These  ethers  are  prepared  by  the  action  of  potassic  or  sodic  hydrate  on  the 
chlorinated  compounds  formed  from  the  monethylin,  etc.,  by  displacing  one  of  the 
two  OH  groups  by  chlorine;  these  latter  bodies  ht-in^'  olttained  eitlier  by  the 
action  of  hydrochloric  acid  on  the  monethylin  or  one  ot  itij  homologues,  or  by 
heating  a  mixture  of  epicblorhydrin  and  an  aloohol  of  the  ethylic  series,  or  by 
eonibining  the  ether  of  the  C,H,.00nH,Q  ^  ,  series  with  hypochloroos  aeid. 

Mthyl  glyddic  etker,  C,H,O.OC,H^  is  a  colourless  liquid  of  pleasant  ethereal 
odour,  and  pungent  taste,  boiling  at  about  128"  (26a'*'4  F.).  The  glycidic  ethers 
combine  with  the  luiloid  acids,  even  at  ordinary  temperatures,  and  at  more 
elevated  temperatures  with  water  and  the  oxacids  in  precisely  the  same  manner 
as  bodies  like  glycid  and  epicblorhydrin  (Reboul,  Ann.  Chem.I*harm,,  sup.  i.  2 18 ; 
Henry,  Deut  ekem.  Oet.  Ber,,  r.  449). 

The  crude  allylic  alcohol  obtained  by  distilling  a  mixture  of  glycerol  and 
Oialic  acid  contains  a  substance  of  high  boiling  point,  which  is  apparently  the 
tnonalli/lin  of  glycerol,  Cj,Hj(OH),.(X\H,  ;  it  is  a  viscid  liquid,  sohihle  in  water, 
but  sepaiable  from  the  solution  by  the  addition  of  potassic  carbonate.  On  dis- 
tillation it  boils  at  225° — 240°  (437** — 464**  F.),  but  is  partially  decomposed 
with  fi»nnatioii  of  allylie  akohoL  It  oombmes  with  bromine  (Tollens,  JDeuL 
eiem.  Gee,  Ber.,  t.  68). 

(1605)  Ether-alcohols  DEBITED  fbom  Pybooallol. — By  heating  a  mix- 
ioM  of  pyragaliol,  potasaic  hydiats^  potaasio  ethylio  sulphate  and  absolute  alcohol 
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in  closed  vessels  at  lOO*  (212"  F.).  Bcnedikt  (ibid ,  ii.  125)  has  obtained  a 
mixture  of  the  mon-  and  di-ethylin.  I^t/rogallol  monetA^lin,  C,Hj^OH),.OCjHj, 
ayitalluei  from  water,  in  whidi  U  u  diffieultly  soluble,  in  fine  needles  which  melt 
•t  95**  (^oi''  P.).  P^^««W  dietkylin,  C,H,(OH)(OCJI,),.  is  liquid  aveii 
at — 10°  (14*^  F.);  it  boils  at  262"  (503'*'6  F.)-  Both  compounds  am  volitib 
with  the  Ta|>our  of  water.  Ethjlio  iodide  is  enticelj  without  sotioaon  pjrogiUol 
at  120"  (248°  ¥.). 

At  present  we  are  not  acquainted  with  any  ethi^>aloohols  derived  from  tetn>, 
peota-  or  hcqtahydrks  alorfwls. 

§  III.  The  Glucobiobs. 

(1606)  This  name  is  applied  to  a  larg^e  number  of  bodies  having 
the  one  property  in  common  of  furnishing  a  glucose  and  one  or 
more  other  produets  when  heated  with  water  and  au  acid,  their  de- 
composition in  this  manner  being  invariably  the  consequence  of  ti|B 
addition  of  the  elements  of  water  to  the  compound,  which  becomes 
thereby  resolved  into  simpler  compounds ;  thus  salicin,  when 
heated  with  dilute  hydrochloric  or  sulphuric  acid,  is  conrerted  into 
a  destroglttcose  and  the  alcohol  salin^enol  (saligenin) : 

C,,HX),  +  Oil,  =  C,H^(OH).CH,(OH)  +  CJI.p,. 

This  behaviour  indicates  the  close  connexion  of  the  glucosides  with 
the  ethers  and  ether-alcohols. 

The  resolution  of  many  of  the  glncosides  into  glucosCj  ftc..  may 
be  effected  at  ordinary  temperatures  by  the  aid  of  certain  soiled 
nnorganised  ferments  acting  in  presence  of  water,  these  fermenis 
being  mostly  met  with  in  the  same  plant  as  the  glucosides  they 
are  capable  of  decomposing.  The  power  of  these  ferments  to 
induce  decomposition  is  usually  restricted,  however,  a  given 
ferment  having  only  the  power  of  inlluenciug  the  decom- 
position of  a  limited  number  of  more  or  1*^  closely  related 
glucosides. 

In  a  few  eases,  it  has  been  shown  that  the  ghicosc  furnished 
by  certain  glucosides  is  sncrodextrose,  but  in  tlie  majority  of  cases 
the  glucose  produced  has  not  been  suflRciently  examined  to  esta- 
blish its  identity,  and  a  more  careful  study  of  the  glucoses  from 
thevartous  glucosides  is  much  to  be  desired  feomp.  p.  582).  The 
accessory  product  or  products  furnished  by  the  glucosides  are  of 
the  most  diverse  cliuracter;  in  fact,  of  the  large  number  of  com- 
pounds included  in  the  group,  the  majority  bear  little  or  no  relation 
to  each  other  in  constitution. 

The  following  account  xefera  chiefly  to  the  better  known 
glucosides^  which  are  described  in  alphabetical  order : 
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.^sculin:  C^,H,,Og.— >Tlus  gluooside  is  found  in  the  bark  of  the  hone 
chestnut,  and  in  other  species  of  .^culus  and  Pavia,  where,  according  to 
Stokes,  it  exists  associated  with  another  fluorescent  compound,  paviin,  which 
closelyrescmbles  lesculin,  but  is  much  more  soluble  in  ether.  iEaculin  may 
readily  be  prepared  hy  precipitating  a  decoctioa  of  horse  chestnut  bark  with 
almn  and  a  alight  exoew  of  atunonia,  evAporating  the  daar  iolution  to  drjneaa 
at  lOo"  (212**  F.)  and  estraoting  with  boUiiig  alcohol.  The  crystals  obtained  on 
OOnoeDtrating  the  extract  are  purified  by  recrystallization.  It  crystallizes  in  colour* 
le?8  needles  which  have  a  bitter  taste,  and  melt  at  about  160'  ^320°  F.).  It  is 
almost  insoluble  in  ether,  and  only  slightly  soluble  in  cold  water  or  alcohol;  it 
dissolves  more  readily  io  boiliug  water  or  alcohol.  The  solutious  exhibit  a 
beandfiil  aky-blne  floonaoeiioe,  whkh  b  angmMited  by  alkaliea,  bat  ia  destroyed 
by  aoida.  With  plumbic  subaoetate,  it  gives  a  yellow  precipitate.  By  boiling 
with  acsetio  anhydride  it  is  converted  into  hexacetylasculin,  G^fiJiPfifijfi^ 
whilst  with  aniline  it  gives  trianilrgsculin,  t\jH,j(),,(C^Hj.N)j. 

.^Iscnlin,  when  boiled  with  dilute  sulphuric  or  hydrochloric  acid,  or  when 
submitted  to  the  action  of  emulsin,  is  decomposed,  yielding  cesciUetiu  and  a 
gluooae :  C„H„0,  +  OH,  =  C,!  1,0,  +  C,H^,0,.  On  eoncentrating  the  uAntMxa 
and  allowing  it  to  eool,  the  eesculetin  is  deposited  in  the  eryatalline  atato. 
When  pure,  it  forms  oolour!oss  silky  needles  and  plates  containing  water  of 
crystallization,  which  they  lose  at  roo°  (212^  F.).  It  then  melts  above 
270°  (518°  F.),  and  distils  without  di  cum  position  at  a  higher  temperature, 
.^sculetin  is  but  very  slightly  soluble  in  cold  water  or  alcohol,  and  almost 
iaaolttbla  in  ether.  It  ia  readily  soluble,  however,  in  dilate  alkaline  aolatione. 
Vat  ia  repreeipitated  anehanged  on  the  addition  of  an  aoid.  Plombio  acetate 
prettpitates  its  solutions  of  a  pale  yellow  colour.  Its  aqueous  solution  ia 
coloured  dark  green  by  ferric  chloride.  By  the  action  of  acetic  anhydride  or 
chloride,  or  of  anilin,  eesculetin  is  converted  into  triact'tyUe.sniletin, 
C,H,(C,H,0),0^,  or  into  trianilatculeiin,  C,U,0(C,H.N),.  When  seaculetin 
in  heated  with  potassic  hydrate  it  yields  formio  and  protoeateehaic  aoida: 
(?)  C,H,0,  +  2OH,  +  0,  =  C,H,(0H),.C0OH  +  2CH,0^ 

Ou  boiling  (esculetin  with  hydric  sodic  sulphite,  it  IB  eooTertod  into  an  isomerio 
bodv,  which  combines  with  the  sulphite  to  form  a  crystalline  compound  of  the 
formula  2CJ l^b^.HNaSO,  +  OH,.  On  decomposing  this  with  dihite  sulphuric 
acid,  (Sec.,  the  new  compound,  panegculctin,  is  liberated.  It  is  extremely 
aolabk  in  water,  from  whieh  it  may  be  obtained  in  indiitbet  eiyatala  having 
the  fimnola  2C,H,0,,50H,.  Expoeed  to  the  action  of  ammonia,  it  beoomea 
first  red,  then  violet,  and  ultimately  aky-blne.  Rochleder  aesigns  to  this  blue 
compound  the  formula  CMI.NO^,  and  from  its  analogy  to  orcein,  culls  it  (rsorrv'ln. 
Parsesculetin  is  not  acted  on  by  acetic  anhydride,  but  is  more  readily  converted 
into  the  trianilid,  C,HgO(CJ{j.N)j  than  eesculetin.  It  is  an  extremely  powerful 
reducing  agent,  precipitating  cupruaa  oxide  ftom  oaprio  tartrate  aolotion,  even 
in  the  cold.  Sehiff  {Am.  Ckem.  Pharm.,  clxi.  71)  haa  aoggested  that  the 
constitution  of  ssoolm,  Mouletin,  and  parMcoletb,  may  be  eapreeeed  by  the 
Hollowing  formulae : 
COH 

(CH.OII)^  ( OH  /  OH 

CH .  O  )  ^  „  J  C(OH)  n  H  J 

C(OH) ,  <  C{OH)  (X 


COH 
COH 


C,H.{  C(OH) 
COH 


ICOH  (OOH 


^scnlln.  /K'iculetin.  Pantiiiculetin. 

These  formula?,  however,  are  not  altogether  in  accordance  with  what  is  known 
of  the  bodies  in  question.    Thus  HchiS  has  himself  shown  that  acetic  anhydride 
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is  without  action  OB  panBMmletin,  whereas  ACompoand  having  the  above  fonnaU 
•hoald  yield  a  monacetyl  derivative.  Moreover,  the  group  C.OH  is  a  djad 
radicle,  and  unless  it  be  supposed  that  the  two  C.OH  ^^roups  which,  accordinsrto 
Schif!',  are  to  be  assumed  as  preuent  in  sesculin  and  lehculetin,  are  in  cumbinatiun, 
these  compounds  muni  be  regarded  as  primarily  derived  irom  a  hydrocarboa 
C,H,,  wheraw  pvmenletin,  aooording  to  SdiifTt  forAinla,  would  bo  a  beoiens 
deriTOtive ;  but  it  is  not  probable  that  a  benzene  derivative  would  be  formed 
from  a  derivative  of  the  hydrocatbon  C^H^  bj  the  notion  of  a  powerful  Ndooing 
agent  like  hydric  sodic  sulphite. 

According  to  Rochleder,  there  are  in  the  seeds  of  the  horse  chestnut 
numerons  othor  substances  allied  to  eesculetin,  or  which  may  be  obtained  from  it 
bj  the  aetkm  of  Tariona  reagonta,  nteh  ai  ^idyww*,  aryyraKctn,  mBcimc  aeii, 
t^krodetcin,  eescorcin,  Ac.  {Bull.  Soc.  Chim.  [2],  ix.  383). 

Amygdalin  :  C^H^O^.'^This  gluooaide  is  contained  in  the  leaves  and 
other  parts  of  many  of  the  Amy gdal area  and  Pmnarca  and  other  plants  which 
furnish  hydrocyanic  acid  on  distillation  with  water,  but  especially  in  bitter 
almonds,  from  which  it  may  readily  be  obtained  by  expressing  the  oil,  extracting 
the  paate  with  aleobol,  deoanting  from  any  oil  th^  may  be  deposited,  and  then 
conoentnling  the  extract  bj  disUUation  to  about  half  its  volume.  On  addni^ 
ether  to  the  solution,  the  amyt^dulin  is  precipitated,  and  may  ba  p«iri6ed  by 
crystallization  from  boiling  alcohol.  It  forms  pearly  scales,  which  are  insoluble 
in  ether,  but  very  soluble  in  water,  crystallizing  from  the  latter  in  slender  prisnu 
containing  3  muls.  of  water  uf  crystallization ;  the  aqueous  solution  exerts  a 
iKvorotatory  aetioo  on  polarised  light  The  alkaline  hjdiatee  oonTert  amygdalin 
into  amygdaUc  acid,  with  ev<dution  of  amnumia;  whflst  on  digestion  witb 
dilate  hydrochloric  acid,  it  yields  glucose  and  mandelic  acid.  This  latter 
compound,  however,  is  not  an  immediate  product,  but  is  derived  from  cyanbenzylic 
alooiiul  which  is  tirst  produced;  and  it  is  not  iniproljablc  alst)  that  a  saccharon, 
and  not  a  gluooee,  is  formed  in  the  first  instance  together  with  the  cyanbenzyiic 
alcohol.  By  the  aotion  of  aoetie  anhydride  on  amygdalin»  eevai  atoma  of 
hydrogen  are  displaced  by  the  group  C,H,0,  givbg  riae  to  Aeptoc«/y2af»9>^/ia, 
C^^(C,U,0,),NO,  (Schiff),  a  aabetanoe  cryiitallising  in  ooloorieaa  ailky  needles; 
eroulsin  acting  on  amygdalin  in  aqueons  solution  causes  it  to  split  up  into  benaoit 
aldehyde,  hydrocyanic  acid,  and  a  dextroj,'lucose  (comp.  p.  582). 

The  constitution  of  amygdalin  and  of  the  compounds  derived  from  it  nuu 
be  fspreeented  by  fht  Ibllowing  fonnnla : 

C.H.  C.H. 

CH(CN).O.C„H,,0,(OH),  CH(C00H).0.C^O,(OH)^ 
AmidallB.  Aaijgdstte  add. 

C.H. 

C?H(CN).OH  CH(U11).C00H  COH 

( yanbonxjiie  skohoL  Mandclio  add.  ncnzoio  aldehyde. 

Ajnln  :  (?)  C'j.Hj.p,,. — This  glucoside  may  be  extracted  from  common 
parsley  {A^tum  petroselmum)  by  means  of  boiling  water.  It  always  separate* 
fkom  ito  eolu^me,  when  th^  are  allowed  to  eod  alowly,  as  a  gelatinous  nme 
oonaiating  of  fine  needles.    It  melti  at  186*  (35$*  F.);  ia  aolable  in  boiliog 

alcohol,  but  insoluble  in  ether.    Its  apparent  specific  rotary  power  in  a  faintly 

alkaline  solution  ia  (?)  [ajj  =  +  17 Apiin  whtm  boiled  with  hydnx-Iiloric 
acid  deposits  apigenin  in  yellow  flocks,  which  may  be  obtained  in  pearly  [  latt-s 
by  crystallization  from  alcohol.  At  the  same  time,  a  glucose  is  lunued 
amounting  to  41— 45  per  oent  of  the  apiin,  but  probably  a  noohiiiM  !•  the 
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immediate  product  of  deoonpoiiition.  An  aqueous  solution  of  aptin  gives  a 
blood-red  colour  with  tVrrons  salts:  this  reaction  is  so  delicate  that  it  may  hi: 
employed  to  det4?ct  the  presence  of  very  mmute  traces  of  the  glocofiide;  ferric 
KaltH  produced  a  bro\vi)i>h-red  coloration. 

Apigenin  is  perhaps  n  preflent^d  by  the  formula  C.,H,,0, ;  it  tublimes 
witlioat  melting  at  392*— 295''  (557*''6 — 563**  F.)>  bat  with  partial  deeompoai- 
tion.  Like  api-n.  it  is  dissolved  by  alkalies,  and  also  furnishes  a  yellow  precipi- 
tate with  basic  plunihic  acetat*',  but  it  does  not  reduce  an  alkaline  solution  of  a 
copper  salt.  On  oxidation  with  nitric  acid,  apiin  yields  oxsilic  acid  and  trinitro- 
phenol ;  when  it  is  fused  with  potassic  hydrate,  phloroglucol  is  obtained  together 
with  in  add  which  on  further  fusion  with  the  alkali  is  converted  into  proto- 
oatcohoie  add  (Gerichten,  Demt  ekem,  Qm.  Ber,,  is.  1121). 

Arhutin  :  C^H,/^,,  is  a  colourless,  bitter,  crystalline  sabnt .nice  discovered  by 
Kfiwalier  in  the  leaves  of  Arctostaphylos  uva  ursi,  and  by  Zwenger  and 
ilimmelmann  in  the  leaves  of  Pi/mla  nmhellata.  Under  the  influence  of 
eniulsin,  or  when  it  is  boiled  with  dilute  sulphuric  acid,  it  is  split  up  into 
quinol  (hydroquinone),  quinol  monomethylin  (methylhydroquinone),  and  a  glucose 
(Hlaaiwats  and  Bbtbennann,  Ann,  Ckem.  Pkarm.^  olxzvii.  339) : 


The  gloooie  thiu  obtained  ia  eiyatalline,  and  ia  aaid  by  Kawalier  to  have  all  the 

pfoperties  of  suorodaxtroae  j  ita  rotatoiy  power  haa  apparently  not  been  determined. 

Arbutin  may  be  prepared  by  predpitatbg  the  aqueous  decoction  of  the  leavea 
with  basic  plumbic  acetate,  removing  the  excess  of  lead  from  the  clear  filtered 
solution  by  hvdric  sulijhide,  evaporating,  and  extractino;  tlie  arbutin  from  tbe 
residue  by  a  mi:iture  ot"  8  parts  of  ether  and  i  of  alcohol.  It  crybtallizes  iu 
tofta  of  needles  whieh  ndt  at  1 70°  (338°  F.) ;  i|t  b  very  sparingly  soluble  in 
etbar,  but  easily  in  alcohol  and  in  boiling  water.  Its  aqueous  solution  is 
eolotired  blue  by  ferric  chloride  (Schtff).  When  arbotin  la  distilled  with 
manijanic  dioxide  and  sulphuric  acid,  quinone  passes  over ;  al-<o  on  passing 
chloriiif  into  its  aqueous  solution  a  crybtalline  precipitate  of  a  chlorinated  (juinone 
is  produced.  It  dissolves  in  strong  nitric  acid,  and  the  addition  of  alcohol  to  the 
solution  causes  •  deposit  of  yellow  needles  consisting  of  Uiranitroarfmiin, 
CpH^(NOJ^O,^  +  3}0H,,  This  deriratire  is  very  soluble  in  water,  less  so  in 
alcohol,  and  insnl  il  I  >  in  ether;  as  already  noticed  (p.  526).  it  is  said  to  yield 
dinitroquinol  (dinitruliydroqtnnone),  when  boiled  with  dilute  acids.  Benzoic 
chloride,  as  also  acetic  chloride  or  acetic  anhydride,  act  readily  on  arbutin,  with 
formation  of  benzoyl  and  acetyl  deriv  ttives  of  arbutin  apparently  of  tlie  com- 
position C„H„0  (C,H,0),,  and  C„n.,,0,^(C,H,0)j,.  Tetranitroarbutin  also 
yidds  a  corresponaing  sce^l  derivative  (Sdiiff,  ihid,,  cliv.  237), 

On  addint^  freshly  precipitated  argentic  carbonate  in  slight  excess  to  a  solution 
of  arbutin  at  a  temperature  of  abo\it  50°  (l22**  F.)  and  heating,  a  solution  is 
obtained  from  which — after  the  removal  of  the  dissolved  silver  by  hydrochloric 
acid — alcohol  precipitates  white  crystalline  flocculi  of  diarbutin,  which  appears 
to  be  lelated  to  arbutin  in  the  same  manner  aa  heUooidin  is  to  salicin ;  it  is  not 
ooloared  by  fisrrio  dUoride  (Sohiff,  loe,  eiL), 

It  is  difficult  to  assign  a  formula  to  arbutin  which  is  in  accordance  witb 
what  is  at  present  known  of  its  properties.  As  it  affords  a  blue  colour  with  ferric 
chloride,  and  nitroarbutin  is  capable  of  forming  metallic  derivatives,  it  appears 
that  oue  of  the  Oil  groups  of  the  qumol  molecule  is  intact,  and  therefore  that  it 
is  derived  from  «  saodianMi  as  indicated  by  the  fomtnla : 

3     .  Y  Y 
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but  a  compound  of  tliin  formula  hw  the  eompoaition  C^H^O^,,  whilst  that  of 
arbutin  is  said  to  be  ^'  ;  moreover,  it  containg  only  seven  OH  j^iups, 

whereas,  aeconlini,'  to  Scliitl's  analyses  of  the  acetyl  and  benzoyl  derivative*  of 
arbutin  it  would  iippear  that  it  contaiua  at  leaat  ten  Oil  groujM. 

^\»^'m^4  (^)* — ^  Bon-eiTttalUne  bitter  sobateoM  «actnelcd  fron 
the  Tarions  part*  of  Arniea  moniaua,  Aooording  to  Walx,  it  is  d«eom|io«ed  ^ 
boiling  with  dilute  acids,  yielding  dwrk-ootoiired  flodu  and  •  rabetanee  a^iUi 
of  reducing  an  alkaline  f^olution  of  a  cnpric  salt. 

Aurantiin  :  ^f^^  fiir  ^lucoside  found  in  the  flowers  of  Citrus  decumana. 
Jt  furmaflmall  yellow  morioclinic  prisms, baviug  the  cumpo^lUou  C^li^O^^  +  4UHy 
•and  ndtiog  at  1 7 1  (339''  8  F.).  It haaan  intenselj  bitter  taste,  k  very  aolabk 
in  hot»  but  only  sUghtlj  in  eold  water.  It  diaaolvee  in  alhaliee,  and  yisidi 
•  glacoM  when  boiled  with  dilute  acids;  its  aqueous  solution  is  oolound 
brawnish-red  by  ferric  chloride  (lloffinann,  Dent.  rhem.  Ges.  Ber.,  ix.  690). 

Bryonin  :  (■),     bitter  non-crystalline  compound  from  the  rool  of 

the  Bryonia  dioica,  iit  deconqutsed  by  boiling  with  dilute  acids  iuto  a  gluco>e  aud 
two  unorphone  enbatanoes,  brt/or^in  and  f^robryorfUn :  the  fimner  of  whiok 
is  aolvbla  in  ether,  the  latter  ineolaUe  (Wab,  Ck^m,  CM.,  1859,  5) : 

bryaib.  Brjoraua.  BydMbifontla. 

Cdindn  or  Ca'incic  acid  :  C^H^O^. — This  »ubiitanc«,  obtained  from  caioca 
root,  CXtbcoeni  anyuifuga  and  C.  roeeweea,  forms  etystiiilnie  flakes,  sparingly 
solnble  in  water  or  ether,  bat  very  soluble  in  aloohoL  It  appears  to  fom 
metallic  derivatives.  On  boiling  a  solation  of  oaincin  in  dilate  alcohol  wift  ■ 
acid,  it  is  resolved  into  edmesfifi,  and  a  gluooee  which  apparaitly  ia  not 
dextrose: 

CgH^»  +  3OH.  =  CgHjjO,  +  3C.H„0^ 


Calnoetin  is  indistinctly  crystalline.  When  fused  with  potasaio  hydrate  it 
jisMs  butyrie  aeid  and  e&ime^enimt  C^^H^O^  When  treated  with  sodiaa 
aaudgam  and  dilute  aleohol,  it  dissolves  to  a  Mownish-eoloorsd  aolutioo  fam 

which  sulphuric  acid  throws  down  a  crystalline snbstense  having  the  compositios 
C„H^O„  (Rochleder,  Joum.  pr.  Chem.,  Ixxxv.  275  :  cii.  16). 

Carmi/rir  acid  :  C,.ir.O.„ — This  substance,  which  is  the  colouring  matter 
of  cochineal,  may  be  separated  from  the  latter  by  precipitating  it«  aqueous  exlr^t 
with  plumbic  acetate,  and  decomposing  the  washed  precipitate  with  sulphuric  add ; 
the  Bolntion  thus  obtained  b  alternately  pteoipiteted,  and  the  precipitate  deoom- 
posed,  a  second  and  a  third  time  in  asimUar  manner,  employing,  however,  hydrie 
sulphide  to  etl'ect  the  final  decompoNitinn.  The  fdtered  solution  ia  evaporated  to 
dryness,  the  residue  dissolved  m  alcohol,  and  the  crystalline  notlules  of  carminic 
acid  obtained  on  allowing  this  solution  to  evaporate  treated  with  water.  This 
leaves  andisaolved  a  yellow  sabstance,  and  the  filtered  solation  after  evaporation  to 
dryness  and  erystalliaation  from  dry  alcobtd  or  ether,  yields  pare  oarminio  aeid. 
It  also  occurs  in  the  flowers  of  Monarda  didyna,  and  probably  in  other  plauts. 
Very  difl'erent  formula;  have  been  assigned  to  carminic  acid  by  different  ebsnustib 
sod  it  is  not  improbable  that  it  is  not  always  of  the  same  composition. 

Carminic  acid,  when  boiled  with  dilute  acids,  is  said  to  be  decomposed  with 
iormaUon  of  carmn§'r§d  and  of  a  non-fermenteble,  optically  inactive  body, 
whldh  foadily  rednoes  an  alkaline  solution  of  a  oaprio  sslt ;  tiina : 

Carmine-red,  which  may  readily  be  prepared  from  the  crude  carminic  acid 
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obtained  on  decomposing  by  Aulpkorie  add  the  lead  precipitate  thrown  down 
fiom  m  deooetkm  oP  eochineal,  forms  a  dark  purple-red  iridoMent  inaw»  solaUtt 

in  water  and  in  alcohol,  but  insoluble  in  ether.  It  forms  a  number  of  metallio 
derivatives,  all  of  which  are  obtained  as  violet  coloured  amorphous  precipitates. 
On  oxidation  with  nitric  acid  it  is  converted  into  trinitrocresotir  acid  [niiro- 
eocussir  arid),  CHj.C,H(NOJj  COOl^.  liy  treating  it  with  conceutruteii  sulphuric 
acid,  a  new  red  colouring  matter,  rujicoccin,  C,,lI,pO,,  i»  produced,  which  is 
probably  a  darivativa  of  a  hydrocarbon  homologoiis  with  anthracene. 

When  ttoda  carminic  acid  is  fused  with  potaiwic  hydrate  and  a  little 
water,  a  new  subetanoe,  coeeimn,  C,^Hj,0^  (?),  is  formed,  together  with  oxalic, 
succinic,  and  apparently  acetic  acid.  It  irvHUillizes  in  yellow  microscopical 
rectangular  plates,  apparently  belonging  to  the  rhombic  system.  They  are 
eauily  soluble  in  alcohol,  sparingly  in  ether,  and  insoluble  in  water,  but  dittsolve 
leadfly  in  dilute  alkaKne  eoloftions ;  the  latter  on  ezpoeore  to  the  air  aeqairee  a 
violet  and  finaUy  a  pctrple-red  colour.  On  passing  dry  ammonia  over  coocinio« 
aoompoend  of  the  formula  C,^H„Og.NU,  ia  fwmed  (Schaller,  Bull.  8oe.  Ckim. 
[2],  ii.  414;  Guign«'t,  ihid.,  xviii.  162;  Warren  De  la  Rue,  Chem,  Soc. 
Memoirs,  iii.  454;  Hla.sivvetz  and  Grabowski,  Ann,  Ckem,  I*harm.,  cxli.  329; 
Liebermann  and  Dorp,  ibid.,  clxiii.  97). 

ColocytUkim :  C^H^N^.— An  mteoaely  bitter  principle,  eztnoted  fton  the 
palp  of  the  final  of  tCe  bitter-^le,  Ckeumit  eolwynthit.  It  ia  aolnble  in 
water,  doohol,  and  ether ;  when  boiled  with  dilute  acidH  it  yields  gluooee  and 
colo^thuM,  a  resinous  subetanoe,  insoluble  in  water  but  soluble  in  ether : 

Aseoidiag  to  Walz  {Neu,  Jakr,  Fiarm*,  ix.  225),  the  aUMU  eitnot  of  <iio 
UtteMpple  eootaine  a  ooloorleee  eryetalline  principle,  ineolnbte  in  water,  whioh 

he  calls  colocynthitin. 

Coniferin  :  G^^H^O^. — This  glucoside,  discovered  by  Rubel  in  the  cambium 
of  coniferous  woods,  hat)  ret^ently  been  iuvestig.ttpd  by  Tiemann  and  Haarmann 
{Deut.  them.  Oe*.  Ber.,  vii.  608;  viii.  ^09  and  1127  ;  ix.  409).  It  may 
be  obtained  firom  the  eap  by  boiling  and  filtering  it  to  aeparate  albumen<M 
matters,  eoneentreting  to  about  one-fifth  tta  Yolnme,  and  allowing  it  to  stand. 
The  brown-coloured  crystals  which  form  are  collected,  pressed,  and  repeatedly 
recrystaUized.  Coniferin  forms  stellate  groups  of  needles  which  have  tlie  com- 
position C,gHjjOj  +  2OH5  ;  they  are  but  slightly  noluble  in  cold  water,  more 
Boluble  in  hot  water  and  in  alcohol,  but  insoluble  in  ether;  its  solutions  exert 
a  Uivorotatory  action  on  polarised  light.  It  melts  at  about  185**  (365°  ¥.). 
If  ooniftrin  be  nixed  with  a  eman  quantity  of  phenol  and  coneentrated  sdphnrie 
ttflid,  an  intense  blue  colour  is  produced.  It  does  nut  reduce  Fehling's  soltttioa« 
bat  when  boiled  with  dilute  aiads  it  is  decomposed,  yielding  a  dextro- 
g^ucose  and  resinous  products;  if,  however,  it  be  submitted  to  the  action 
of  emnbin  at  a  temperature  of  25* — 35°  (77** — 95°  F.),  the  products  are 
dextrogloooee,  and  a  orystalline  compound  which  may  readily  be  separated  by 
agitating  the  fiqnid  with  ether  and  evaporating  the  ethereal  eolation.  Hie 
best  method  of  purifying  the  crystalline  maee  thae  obtuned  is  to  dissolve  it 
in  water  by  the  aid  of  atmnonia,  and  expone  the  solution  to  the  air ;  as  the 
ammonia  evaporates  the  new  compt>und,  roni/eryfic  alcohol,  C^^U^fi^,  is  deposited 
in  tine,  nearly  colourless  cystals.  The  deoom position  of  coniferin  into  coniferylio 
akohtd  and  dextroglucoee  takes  place  in  sococdance  with  the  equation : 
CuH«0,  +  OH,  -  C.,H,.0,  +  C.H„0 . 

Coniferylic  alcohol  melU  at  74  —75  (165  '2 — 167  F.);  it  is  almeel 
iMoUhle  ia  oold  and  diieolTei  with  difliooUgr  ia  ^  «ater»  it  k  omII^ 
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soluble  in  ether,  leM  so  in  alcohol.  It  is  Koluble  in  dilate  alkalies,  snd  oo 
albwing  th«  solntion  to  evaporate  ■pontaoeoiifl} ,  crysfcalline  metallie  derivativee 
oonUumnif  potasnium  or  8odiuin  are  obtaimid;  bat  if  the  aolutions  are  boiled 
down  rapidly,  the  ui.alt^Mod  substance  aeparatrs  as  an  oil.    If  tlie  alkalioe 

solution  be  acidified,  only  an  amorphous  ssubstuncc  is  precipitated,  which 
appears  to  ho  a  }X)1  yiiitM  ide  oi' the  alrohol.  On  heating  cuiiil'erylio  ah'ohol  with 
hydriodic  acid,  a  mixture  of  nietliyliu  attd  ethylic  iodides  is  said  to  be  formed. 
When  osidtSEed  with  polassicdiehromateand  dilute  sulphuric  aod  it  jidds  emtttw 
or  parorymetametJioxy benzoic  aldehyde  (methjlprotoeatedtnic  alddijde). 
C,H,(()H)((K:H,)C0H.  and  aeeUe  aldehyde. 

Closely  allied  to  conirerin  if  a  suh.-ittiiice  obtained  from  it  by  oxidation  with 
potassic  perifiangaiiiite,  and  named  (/himraninir  ariff,  C^^\\^()^  (Tieu'.nnn  and 
Itcimer,  ibid.,  viii.  515).  It  cryiitullizes  from  wulcr  iu  slender,  glifteoing, 
oolonrleia  priams,  C,^Uj,0, 4  OH,,  which  loee  their  wftter  of  eryatallisatioa  ai 
100**  (213*  F.),  and  melt  at  in*"-— 2ift^  (41  i°-8--4i3^*6  F.).  It  it  aotuUe 
in  aleohol  and  in  hot  water,  but  quite  insolt  ble  in  ether,  so  that  it  may  readily 
be  separated  from  va»nllic  acid,  wh'ili  is  readily  soluble  in  ether.  When  hoatt^d 
with  dilute  acids  or  submitted  to  tiio  action  of  etuulsio,  it  splits  up  into  glucoiHi 
and  vaDillic  acid,  C,H,(OH)(0<;ii,).COOH. 

The  oonatitiition  of  oonifeiylic  ahwhol— and  oonaeqnently  of  ooniAria — baa 
not  yet  been  aatiafoetorily  aaoertained.  From  the  formatioo  of  Tanillin  or 
oxymethoxy benzoic  aldehyde  on  oxidation,  there  can  benodonht,  however,  that  it 
contains  the  ;^'roup  0^1  ^(OH )(( H' H^).C  —  .  Tiemaun  has  suggested  the  formnla 
C,H,(0li;(0CH3).CMl/(>H  ),  hut  this  d«>os  not  explain  the  formation  of  ethylic 
iodide  together  with  methyiic  iodide  on  heating  it  with  hydriodicacid ;  moreover, 
n  compound  of  thie  conetitation  ahould  furnish  aoetyrderivadvea,  whidk  ta  eaid 
sot  to  he  the  ease. 

Convallarin  :  C,^H„0„,  a  colonrlens  substance  contained,  tog»^ther  with 
convallaniarin.  in  Cottvallnnu  (SolonionV  seal).     It  crystallizes  in  rii;ht 

rectangular  prisms  sparinirly  soluble  in  water.  When  boiled  with  acids  it  jieldi 
a  glucose  and  convaUarttu, :  C^^H^Oj^  +  OH,  =  C^.H^^O,  +  C,H„0,. 

ConwMammim :  (^)  ^,H^^O^,,  a  bitter  HubsUnce  found  in  Convalfaria 
mtajaUt,  la  n  white  powder,  eaeily  aoluble  in  water  or  alovlud,  but  almost  insoluble 
in  ether.  It  is  deoorapooed  by  dilute  aeide  yielding  eontoallamaretimt  (P) 
C^jH^^O,.  and  glucose. 

Conrolvulitt :  t'  If  ,^  ()„,  and  cvnroJrvJic  arid :  C.^H.^O... — Convolvulin  is  a 
colourless,  transparent  resin  contained  in  jalap  root  (the  rhizome  of  Convolvulus 
Sehiedanus).  It  is  tasteless  and  inodorous,  almost  insoluble  in  water,  eusilj 
soluble  in  aleohol,  but  insoluble  in  ethvr,  whereby  it  is  dbtinguished  from 
jalapin.  It  dissolves  in  alkaline  solutions,  even  in  the  cold,  but  far  more  readilj 
when  heated,  being  converted  into  a  salt  of  convolvulic  acid.  This  acid  is  best 
prepared  by  boiling  convolvulin  with  baryta  water,  removing  the  baryta  from  the 
solution  in  the  usual  way,  and  evaporating.  It  is  very  soluble  in  water  atid  ia 
alcohol,  but  insoluble  in  ether.  Both  convolvulin  and  convolvulinic  acid  are 
decomposed  by  boiling  with  dilute  acids,  yielding  eoneofoii^uio^,  C^II^O,,  aad  a 
ghiQoae  the  nature  of  which  is  undetermined : 

C«H.„0^   +   iiOH,  =  C^H^O,  +  6C.H„0.. 

The  former  dissolves  in  alkalies,  but  not  in  water,  and  on  the  addition  of  an  acid 
convolvulitiolic  acid,  C,,H,,^.( separ.ites  t'tom  the  soluti(»n  in  niieroscopic  needles 
which  melt  at  39°  (102 '2  It  is  easily  soluble  in  alcohol,  lest*  su  in  ether. 

According  to  Mayer  \^Aim.  Ckem.  PA«rm.,  xovi.  61),  the  substances  obtained  ia 
this  way  from  oonvolviilin  and  convol? nlto  aeid  are  not  identioiU  but  the  whole 
spl)^  asquircs  canfnl  re-eiMuin«tion.  On  oxidation  with  nitno  add,  convol vnlia 
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and  its  derivattTes  are  conTorted  infto  ^Hmme  aeid  {tebaeie  acUt),  (^H„OL»  aa 
acid  of  the  suodnio  Mri«B  (oomp.  Keium  and  Bajne,  Jmum.  Oketiu  lo74t 

xxni.  729). 

Crocin :  C,,H^O^,  the  colouring;  matter  of  Gardenia  grandiJlora,  '\i  an 
•norphoiM  red  aalMUnce,  easily  soluble  in  water  and  in  aiuuhul  with  a  deep 
jelloir  ctdoar.    The  nolations  yield  an  oraiige-ooloared  precipitate  with  plnmbie 

salta.  jBoileil  with  dilute  acidtt,  crocin  in  resolved  xuio  crocetin,  C,^H^O,|t  and 
an  nncrystalliiuble  glucose :  +  5OH,  =  ^,.H,A.  +  4C,H„0.. 

Crocetin  is  a  dark  red  ainorphims  powder  easily  soluble  in  alcohol,  but  only 
slightiy  in  water.  Like  crocin  it  becomeit  indigo  blue,  and  linally  viulet,  when 
treated  with  oonoentrated  sulphuric  acid  (Kochleder,  Jour,  pr,  Chem.,  Ivi.  68). 

CjjfttiaMim  C^H^O,^,  a  white  amorphoua  salMtanee  extracted  ftom  the 
tubers  of  Oyclamen  europaum  by  nieaaa  vi  aloolidL  It  ii  readily  eolaUe  in  hot 
alcohol,  but  insoluble  in  ether.  In  contact  with  cold  water  it  swells  up  to  a 
translucent  glutinous  substance  which  slowly  i]i>solve!».  The  1  quid  froths  when 
agitated,  and  posiiesHCS  a  feeble  liBvorotalory  action.  W'Ik  ii  boiled  with  dilute  aCids 
it  yields  cyclamiretin  and  glucoiw  (?) :  C,,H,,0,^  +  2 Oil,  =  C„H^O,  +  C,H^,0,. 

Dapknim :  C^^U ^^O^  (?),  a  eolourle^s  glucoeida  oontaintd  in  the  bark  of 
various  species  of  Daphne.  It  crystallizes  in  transparent  rectangular  prisma 
which  are  insoluble  in  ether,  sparingly  suldljlo  in  col  1  water,  but  more  freely  in 
warm  water,  and  still  more  so  in  al  -ohol.  It  fuses  at  about  200°  (392°  F.). 
According  to  llochleJer  {Jahrenb,  1S63,  591),  daphnin  is  iso  meric  or  polymeric 
with  eesoulin.  On  boiling  with  dilute  acids,  or  on  treatment  with  emulsin,  it 
yieldii  gloaoee  and  dapkngiin,  C,U,0^  (?),  iaomerie  with  hydrateJ  saeoletin : 
C.^Hj.O,  +  aOH,  =  C,H,0,  +  C,H„0,.  Daphnetin  crystallizes  in  sraaU,  needle- 
ahaped,  monoclinie  fHrienui,  which  are  easily  soluble  in  iilcohol  and  in  boiling 
water,  but  only  sparingly  in  ether.  It  fuaoa  abuve  250*^  (4^2'*  <Uid  may 
nadily  be  sublimed  in  a  current  of  gas. 

Datiscin  :  Cn^n^it* — 1^''^  gluuoside  obtained  from  the  leavc.H  and  roots  of 
Datitea  eamtabitMt  crystalliaee  in  eilky  needke  which  are  sparingly  soluble  in 
cold  water,  very  eoluble  in  hot  aloohol,  but  only  slightly  in  ether.  It  melta  at 
iSo°C.  {3S^°  ^■)-  ^V'hen  boiled  with  dilute  acids,  or  with  a  concentrated 
solution  of  potassic  hydrate,  it  is  decomposed  with  formation  of  glucose  and 
dutUrctin  :  <-'..,H  .p„  =  C,JI„0^ -I- CJI,/),.  This  change  is  not  ellecU'd  by 
yeast  or  by  emuUin.  Dattsceiin  cryHtaliizes  easily  in  loug  needles,  which  arc 
almoat  inMlnble  in  water,  but  readily  in  alcohol  or  ether.  When  heated  with 
nitrie  aeid,  it  yielde  tarinitrophenol  but  no  oxalio  add.  Both  daUeetn  and 
datiacetin  give  precipitates  with  lead  acetate. 

DigituLin. — This,  the  active  principle  of  the  fox^^love,  Digitalit  purpurea, 
has  been  examined  by  numerous  investij;ators,  but  tlie  result.s  hitherto  obtained 
have  been  anything  but  satisfactory  or  concordant.  According  to  Nativelle 
{Jtmr,  Pkarm*  [4],  xx.  81),  a  cryst%Uine  oompound  may  be  obtained  from 
digitalia  cztnot  after  treating  it  with  lead  acetate  and  a  little  water,  by  a  long 
and  tedious  process.  Lefort  (ibid.  [5],  vi.  434)  ezhaustf  the  leaves  with  dilute 
alcohol,  precipitates  with  basic  lead  acetate,  removes  the  excess  of  lead  from  tlie 
solution  by  sodic  carbonate,  and  then  priH;ipitates  the  digitalin  by  tannin.  The 
brown  precipitate  after  being  thoroughly  washed  is  decomposed  by  digesting  it 
with  finely -powdered  plumbic  oonde  and  tMitad  with  aloohoL  The  aolution,  after 
deoolontion  with  'animal  charcoal,  yidda  cryatallised  digitalin  on  evaporation, 
whilst  the  more  soluble  mo'IiRcation  remains  in  solution.  This  author  attributee 
the  discrepancies  in  the  statements  respecting  digitalin  to  the  existence  of  two 
modifications  of  this  body,  one  more  soluble  obtained  from  tlie  seeds,  the  other 
lass  soluble  crystallized  variety  predominating  in  the  leavei.  Crystallized  digitalin 
Jbnna  mioraaoopio  plates,  which  are  inudorooa  and  poesees  a  very  periiatant  biltec 
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taste.  It  is  almost  insoluble  in  ether,  very  soluble  in  chloroform,  and  reqnires 
about  ten  parts  of  alcohol  at  ordinary  temperatures.  Its  most  characlerirtio 
reaction  is  the  beautiful  <;reen  colour  it  Sfisumes  when  treated  with  a  verj 
concentrated  aolation  of  piju>phorie  add. 

The  formula  of  digitalin  is  Btill  a  matt«r  of  doobt  Afloovding  to  Koinn 
{ibid.  [4].  XX.  427),  li  til  the  soluble  and  insolublo  forms  of  digitalin  an 
ghicosides  ;  the  first  yitl.iing  four  molecules  of  gluco!»e,  and  being  ea-xily  traM* 
formed  by  tlte  a'  tioii  of  s.iliiie  or  acid  agenta  into  the  inaoluble  form*  which 
yields  but  two  molecules  of  glucone  : 

+  3OH.  =  C„ir„,o,.  +  aC.H„0., 
,  ^J\P.  +  4OH.  =  CJIJ\^  +  aCAtOr 

Insoluble  di^'italin.  Dijfitaliretin. 

Digitaliretin  I'urms  Bhiiiiui;  plates  which  melt  at  169"  (336*'*2  F.).  It  is 
almost  insoluble  in  water,  sparingly  soluble  in  ether  or  cold  alcohol,  but  readily 
in  boiling  alcohol  (eomp.  Schmiadaberg,  Pkarm,  J.  2VaJu.  [3],  740- 
Koamann,  bj  boiling  digitalin  with  a  dilnta  alkaline  eolation  and  praoliiiMuig 
by  an  acid,  obtained  digUalie  aeid,  Cj^Hj^O^,,  a  substance  crystallizing  firooi 
alcohol,  and  capable  of  fortning  crystalline  aalta.  Bj  boiling  with  aoida  it  ii 
resolved  into  digitaliretin  and  glucose. 

Dulcamarin :  C^H^O^.— Cieissler  {Arch.  Pharm.  [3],  vii.  289)  has  »• 
oently  azamined  the  anppoiiad  alkaloid  from  Solanum  dulcamara,  and  ink 
that  it  oonaietB  of  two  snbMtanoea  eeparable  by  ammonia.  The  aolntion  oontiiii 
the  dulcamarin,  which  may  be  obtained  as  a  pale  yellow  powder  having  a  bitter 
taste.  It  is  soluble  in  acetic  acid,  but  inf»oluble  in  ether,  chloroform,  and  benzene. 
It  is  unaffected  by  einuUiti,  but  boiling  with  dilute  sulphuric  acid  causes  it  to 
split  up  into  duUamartlin  and  glmwse  :  C.^H,,0,„  +  20Hj  =  C„H^O,  +  C,H„0,. 
Duloamafetin  ia  precipitated  aa  a  tarry  product,  insoluble  in  ether,  chlwofonn, 
and  benaene,  but  aoluble  in  alcohol  After  porification  it  femm  a  browniah- 
black  resinous  body  deftitute  of  odonr  and  tasto. 

Erirtilin  •  C,,H^O,j. — This  compound  exists  in  neveral  plants  of  the  order 
EricacetE,  and  especially  in  tlie  marsh  ro^etnary,  Ledum palustre.  It  is  a  resinous 
substance,  soluble  in  alcohol,  but  only  sli;;htlv  soluble  in  water.  When  boiled  with 
dilntoaeida  ityielda  glucose  and enWno/;  C^H^O^  +  4OH,  =  C„11,,0  +  4C,H„0,. 
Irieinol  ia  a  volatile  colourleaa  oil,  which  tnrna  brown  on  ezpoaare  to  the  air. 
It  hoik  at  240" — 243"  (464** — 467*'6  F  ),  and  haa  a  diaagraaaUe  odour  and 
nauseous  burning  bitter  ta.ste.   It  haa  a  specific  gravity  of  0*874**  at  20°  (68°  F.). 

Frangulin  :  (?)  C  H  ),^. — Frangulin  may  be  obtninod  from  the  bark  of 
Rhamnmfrangula  by  fractionally  precipitatititr  the  alcoholic  extract  with  normal 
and  banc  plnmbic  acetate,  suspending  the  hnal  precipitate  in  alcohol  and  deoMB* 
poaing  it  with  anlphuretted  hydrogen.  The  eolntion  boiled  and  filtered  depaiiti 
the  anbetanoe  in  a  crystalline  state  on  cooling.  It  forms  a  yellow  ailky  aTetaUina 
mass  melting  at  226°  (438'-8  F.)  (Faust, Chem.  Pharm.,  dxv.  231), 
insoluble  in  water,  and  only  sli<,'htly  soluble  in  cold  alcohol  or  boiling  ether. 
When  boiled  with  dilute  acids  it  splits  up  into  glucose  and  fVamjulic  'irid, 
(?)  Cj^HjO^.  Liebennann  and  Waldstein  {Dtut.  chem.  Gcs.  JJer.,  ix.  1075) 
auggeat  the  formula  C^^H^O,,  for  frangulin,  and  C^^H^^O,  for  fitangolic  add* 
which  is  apparently  a  derivative  either  of  anthracene  or  of  methyfantbacene. 

Fraxin  or  Paviin :  C„H„0,,. — A  fluorescent  substance  existing  in  the  bark 
of  the  ash,  Frnxtnus  excelsior,  and  along  with  tpscuHn  in  the  horse  chestnut  It 
crytstuUizes  in  tulta  of  colourless  needles,  having  the  composition  3C,,H,.0, ,  +  OH,, 
^^•ae  loae  their  water  of  crystallization  when  heated  in  a  stream  of  carbouic  aiihy* 
4ride  at  ISO""  (joa""  F.).   Fkaxin  meltaat  i9o''(374''F.).  Itjabataparia^ 
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soluble  in  cold  water  or  alcohol,  bat  comparatively  easily  when  hot.  It  is  more 
soluble  in  ether  than  n»sculin.  Fr:ixin  exhihits  a  strong  green-blue  fluorescence 
which  iii  increased  by  alkalies,  bul  deiitroyed  by  acids.  Boiled  with  dilute  acids, 
h  ia  iiaMl?ed  into  gluooie  and  JiweeHn  s  C\,H„0„  OH,  =  C^H<i)^  +  C,H„0,. 
Fnntin  forma  edourlsM  nsedlM  wkidi  ai«  almost  inaoluUe  in  water,  bat  aoma- 
wbat  more  so  in  alcohol. 

Globularin  :  (?)  O^H^Oj^. — A  glnco«ide  existing,  aocordinp^  to  Walz,  in  the 
leaves  of  Qlol/ularia  alypum,  and  which,  when  boiled  with  dilute  acids,  i.?  re- 
aolved  into  gl\i<n^  globt^Ulreti^t^C^\i^^f)g,  aad ^araglolularetin,  ^j^IImO^*  both 
amorphooa  aabatanma. 

Gly^frrkhmg  (P)  C^H„0,.  ia  a  aabatanca  of  aweat  taate  obtauad  from  the 
liquorice  root»  Glf^frrkua  glabra  and  G.  echinata;  it  cijatAUises  from  glacial 
acetic  acid  in  aggregates  of  almost  colourless  prismatic  needles ;  easily  soluble 
in  hot  water  or  in  alcohol,  but  only  sparingly  soluble  in  cold  water.  Its 
aqaeoas  solution  is  precipitated  by  salts  of  barium,  magnesium,  and  copper,  and 
hf  \mrio  phimUo  aoetata.  Whan  boiled  with  dibta  acids,  glycyrHiiiiii  ia  reaolvad 
intogliiooaa  and  glycyrreHn,  (?)  C„H^O^.  Glyoyrreiin  ia  a  Inowniah-yeUow 
farinoaa  rabetanoa,  insoluble  in  water,  but  soluble  in  aloohol  and  in  alkaline 
aolutions  (Habermann,  Deut.  chem.  Ges.  Bcf.,  x.  870). 

Graliolin:  (?)  C,,H,  0,,,  and  Gratiosolin:  (?)C,.H  0.,. — Two  amorphous 
glucosides  contained  in  the  Gratiola  officinalU.  When  boiled  with  a  dilute  acid 
llw  fiat  ia  laid  to  jield  graiioletm,  C^Jl{JO^,  a  orystallizable  anbataaea^  and  an 
amorphona  eompoand,  graHolenimt  t\^H,^0,,  bcaidaa  a  glnooaa.  OratioaoUn, 
nnder  similar  circumstances,  yields  glucose  and  graiio»oUtin,  C^H,,Oj,,  the 
latter  being  resolved  by  continued  boiling  with  acids  into  a  mixtara  oS graHoaO' 
leretint  C^H^^O^,  and  hydrogratinsoleretin,  CjJI^O,,. 

Melicin :  C^H^^O,. — The  glucoeide  of  aalicylic  aldehyde  obtained  by  treating 
aaliein  with  very  dUute  nitric  acid : 

C.H,(CH^OH).O.C.H,0(0%  +  0  »  C.H,(COH).O.C,H,0(OH)^  +  OH,; 

Saliein.  Helidn. 

And  also  froTu  Ix^nzohelicin  by  boiling  it  with  magnesia  and  water,  when  it  splits 
up  into  benzoic  acid  and  helioini 

Oa5i,0(OH)..CAO,  +  OH.  =  C.H,(COH).O.CAO(OH).+CAO.. 
BaaaolwHeln.  HMIehi.  Banaoieaeld. 

It  forms  very  slender  needles,  which  are  insoluble  in  ether,  sparingly  soluble  in 
aold  water,  bnt  fnalj  in  hot  waltr  or  in  aleohoL  It  malta  at  175'  (347°  F.), 
and  whan  anbmitted  to  tha  aotion  of  emnlain  or  boiled  with  dilute  aflid%  it  yielda 
glnooaeand  aalioylie  aldehjde  1 

C,H^(COH).O.C,H,0(OJI)^  +  OH,  =  C,H,(OH).COH  +  C,H,0(OH),. 

By  the  action  of  bromine  or  chlorine,  helicin  is  converted  into  monohromhelicin 
and  monochlorhelicin  respectively,  the  latter  of  which  exists  in  two  isomeric 
modifications.  When  helicin  in  aqueous  solution  is  treated  with  sodium  amalgam, 
tha  naaeant  hydrogen  reoonverta  it  into  aaUain.  With  aeetae  chloride  it  yielda 
Utracsl^kaieim,  C„H„(C,H,0)^0,  (Sohiff,  Aim,  Ohm,  Pkatm,,  div.  l). 

JBntokelicin  :  0^11,^0,. — This  compound  may  be  produced  synthi  tically  by 
treating  helicin  with  benzoic  chloride,  C^HjOUl.,  at  60°  (140''  F.),  whilst  at 
150^  (302°  F.)  with  excess  of  the  chloride  it  yields  tetrahenzoylhelicin, 
C,^Hj,(C,H^O)^Oy  (Schitf ).  Benzoheliein  may  also  be  prepared  from  benzoyl- 
aaBoin  or  populia  in  •  muBom  dmilar  to  that  employed  in  preparing  heliein 
ftmn  ealioin.   it  oryataUiiae  in  iofli  of  eilky  needloa  whieh  asa  a^nbla  in 
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l>uiling  water.    It  u  not  altered  bjr  eraaUin,  but  acids  or  alkalies  deoompote  it 

readily,  thus : 

{  aJn,0(OH).(O.C,H.O)*'0=.- WOH).COH+CAO.+ 

BnaolMlielB.  MkyBotUrivdiL  Bwotatdd.  OImm. 

JEMunndin :  C,,H,,0,^.^Thi's  auliitaiios  it  formed  hj  the  aotum  ef  *«y 

dilute  nitric  acid  on  salicin  :  2C„H„0,  +  0  =  C^H^Oj^  +  OH^  and  abo  when  a 

solution  of  helicin  is  treated  with  suJium  amaljifam ;  being  cnnverted,  however, 
into  Kalicin  b}'  the  continued  action  of  nascent  hydrogen.  Under  the  inrtnonctf 
ot  eniiilHin  it  in  resolved  into  saligenol,  O^H^O^  salicjUc  aldebjfde  and  gluoobe: 

tvIiox-^";uJoS!;j  cS''^^^^^ }  +aOH,-C.H,(aH).0H^OH+q.H,(OH)CX)H+2C.HA 

If  the  formula  here  assigned  to  helicoidin  be  correct,  it  should  furnish  a  non- 
acetyl  derivative  and  not  an  octacetyl  derivative  (coinp.  Schili',  loc.  cU  ). 

HOUhorin:  C,,ll,,0..  and  HOl^Htrem:  C^H^^O,..  ate  two  glneoaidei  eiislnv 
in  the  ixjots  of  Mellebonu  migtr  and  H.  viridu,  HeUebore'in  i^  mueh  moie 
abundant  iu  black  than  in  u'l  ^  en  hellebore,  bat  alway:*  occurs  in  larj^r  quantity 
than  helleborin,  uliioh  .should  be  prepared  from  ^'reen  lu-Uebore,  it  oci'iirs  very 
hparingly  in  tlie  blu-  k.  Uclleborin  forms  <,'lisienin'»  white  needlcK,  inskiluble  in 
cold  water,  easily  soluble  in  boiling  alcohol  and  in  chloroform.  It  is  a  strong 
narootic  than  heDeboreln,  and  when  boQed  with  dflnte  aeida,  it  ia  reedTed  into 
glucose  ai  d  hclUboresint  C,,H^O^»  a  reainous  substance  insoluble  in  water,  bat 
easily  soluble  in  boili,.-  alcohol :  C„H^,0,  +  40H,  =  C^H„(\  ■»-  C,H„0,.  HelU- 
hoi'f'in  may  be  obtaiiiL'd  from  itu  alcoholic  solution  in  nodular  mas-ses  consisting 
of  microscopic  needles  :  it  is  very  soluble  in  watt-r.  le^s  so  in  alcohol,  and  insoluble 
in  ether,  iioiling  dilute  acids  resolve  it  into  glucose  and  heUfhoretin,  which 
ia  thrown  down  as  a  dark  Tiolet-bloe  precipitate:  C„11„0„  -  t'^H^O,  +  2C,H„0,. 
Hdleboretin  forms  a  greyish-green  amorphous  and  tasteless  powder,  which 
melt8  above  200°  (392®  F,),  and  is  insoluble  in  water  and  ether,  but  easily 
soluble  in  alcoliol,  yielding  a  violet-ooloured  solution  (Uaflemann  and  Marmei 
Ann.  Chem  Vhann.,  cxxxv.  55). 

Hes^eridin  :  ^^^11^0^^,  in  most  easily  prepared  from  unripe  bitter  oranges  by 
exhausting  them  with  water,  treating  the  reaidne  with  a  mixture  of  equal  pirii 
of  water  and  alcohol  containing  I  per  oent.  of  potaasic  hydrate,  and  preuipitatiag 
the  impute  he^peridio  irom  the  olear  solution  by  hydrochloric  acid.  When 
pure,  it  forms  microscopic  needles  which  are  almost  inscdtible  in  cold  water, 
more  soluble  in  alcohol  and  hot  at-eiic  a<  id,  and  ciisily  soluble  in  ammonia;  it  is 
insoluble  in  ether  and  benzene,  and  melU  at  about  245"*  (473°  F.).  When 
heapertdin  le  boiled  with  dilute  acida,  it  ia  raeolved  into  g^oooee  and  Metpereim: 
^Afin  ^tHuO.  +  CJB^O^.  Heaperetin  forma  ooloorieaa  eryatals,  hanog  a 
sweet  taste  and  mdUng  at  223**  (433'''4  F.).  It  is  almost  insoluble  ia  oold 
water,  but  dissolves  readily  in  alcohol  or  ether,  and  in  alkalies  ;  the  aqueous 
solution  is  coloured  brown-red  by  ferric  chloride.  When  heated  with  potas«ic 
hydrate  solution  at  100'  (2 1 2"  F.),  it  is  resolved  into  pliloroglucol  and  hesjterUie 
aeidf  C,II,^0,  +  OH,oC„H„0^-^  C,ll,(OH),i  but  when  heeperetie  add  or 
heaperetin  is  fnaed  with  potaaaio  hy4i«te»  pBOtooatechnio  add  ia  obtained.  It  is 
probable  that  hesperetin  ia  related  to  oonUerylie  alcohol,  a.'i  on  heating  it  with 
water  at  250^  (482"  F.)  a  substance  smelling  strongly  of  vanilla  is  produotd 
(Hilger,  Jjtuf.  c/iem.  Get.  Mer„  ix.  26',  Hofinann,  ibid.,  ix.  685;  PaUjroo 
and  Briosi,  ibid.,  ix.  250). 

Jalapin  or  Seammonin:  C,JI^Oj,,  and  Jalapic  Aeid:  C^H^O^,  (?).— 
Jalapin  ia  a  gluooaide  ooeorruig  in  the  root  stalk  of  Oomoolpultu  OriMokiMtiit  and 
may  be  prepared  from  oommweial  JUnmaJaU^paex  H^tiim  or  fiom  nvb* 
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mony  resin  (from  C,  scammonia).    It  ia  a  colourless  amorphous  rcsiu,  ouly 
■lightly  soluble  in  water,  but  freely  in  ttlcohol,  ether,  and  chloroform.  Jalapin  fiom 
when  heated  with  dilute  aeide  is  reaolved  into  ^uooee  and  JaUgnmol  (Mi^evt 

Ann.  Chem.  Pkarm.,  xcv.  129):  2C„H„0„+ IiOH,  =  C\JI„0,  +  6C^O.; 
whilst  according  to  Spirgatis  \ibid.,  cxvi.  289),  the  jalapin  from  scammony 
yields  <;lucose  and  jalaj^lunlic  acid  :  ,  f  S^H^  =  C^^H^.p,  +  S^'.^l,  A* 

Jaiupinol  forms  white  dendritic  crystalline  ma^sses,  which  are  soluble  in 
■loohol  and  ether,  and  melt  at  62""  (143°  6  P.).  In  contact  with  alkaline 
aolntiomt,  ammonia,  or  baryta,  it  is  eonverted  into  a  salt  of  jalapinolie  and : 
C^„0,  +  BaH.O.  =  (C„H„O^.Ba  +  3OH,. 

Jalapinolie  acid  crystallizes  in  tutts  of  colourless  needles  which  melt  at  64 
(i47°'2  F.).  It  is  insoluble  in  wat.  r,  but  soluble  in  alcohol  or  ether.  It  is  a 
monoUasiu  acid,  and  forms  crystiiliitie  salts  with  the  iiieiiil.s  of  the  alkalies,  with 
ammonia,  and  with  barium ;  the  compounds  with  the  iieavy  metals  are  mustly 
amorphous.  When  oaudited  with  nitrie  aeid  it  yields  eebade  and  (comp. 
eonfolvulin). 

Jalupic  arid,  or  Mcammonic  acid,  an  amorphous  yellowish  brittle  substance 
very  soluble  in  water  or  alcohol,  but  less  so  in  ether,  is  formed  from  jMlapln  by 
the  assimilation  of  water.  It  is  prepnied  by  boiling  jalapin  with  baryta  water 
until  dissolved,  removing  the  baryta  in  the  usual  <vay,  and  evaporating.  liy  the 
aetion  of  eoneentrated  hydroohloric  add  it  ia  resolved  iAto  jahipinol  and  glucose 
(l&yer):  2C„H^0„  +  70H,  =  CJi„0,  + 6C^0^  Sometimes  when  jakpio 
add  is  boiled  for  a  short  time  with  hydrochloric  acid  a  compound  alphajalapie 
acid,  C.gHj^Oj^,  is  produced,  intermediate  between  jalapinol  and  jalapic  acid  ; 
it  is  probably  tbrmed  from  the  latter  by  the  eliminaiitxi  of  a  molecule  of  glucose  : 
C^H^Uj, -H  OH,  =  C^H^^Oj,  +  C.UjjO..  It  crystallizes  m  silky  needles  which 
melt  bdow  80"  (176°  F.).    Diluto  a»da  eonvert  it  into  jalapinol  and  glucose  e 

Menyanthin  :  (?)  C,^H^O,^.— A  bitter  amorphous  substance  discovered  by 
Brandes  in  the  buckbean,  Mtnyanthes  trifoliata.  It  is  insoluble  in  etbc:", 
sparingly  soluble  in  cold  water,  but  more  readily  in  hoi  water  or  in  alcohol. 
\Vheu  distilled  wiih  dilute  sulphuric  acid  it  is  decomposed,  a  colourless,  oil 
wten^anthol,  C,H,0  {?),  pashing  over,  having  an  odour  dmihur  to  benaoio aldehyde* 
whikt  deatragiuooee  vemaina  behind  (Kromayer,  Arek,  Pharin,  [3],  exxiv.  37)» 

Murrayin:  C^H^O^  a  glycoside  obtained  by  De  Vrij  ivomMurrayaexotica^ 
crystallizes  in  minute  needles,  which  have  a  slightl}  bitter  taste.  It  melts  at 
I  70"  (338*  F.),  is  innoluble  in  elher,  sj)ariiiyly  -t'Ui'ole  in  cold  water,  but  easily  in 
boiling  water  or  inalcohoL  The  ciy.-uls  have  liie  iormuia,  ^fn^^^^^"^  OH,,  but 
Icse  thdr  water  of  eryataUization  at  1 1 5°  (239T.).  Heated  with  dlUite  adda  it  ie 
reeolved  into  mwrray^  and  glucose :  C^H^O,,  +  2OH,  =  C,^H  0„  +  2C,H„0,. 
llurrayetin  crystallizes  in  silky  needles  or  in  rhombic  prisms.  It  is  only  dightly 
Soluble  in  cold  water,  but  easily  in  alcohol.  Both  murrayin  and  murrayetin  are 
fluorescent  in  alkaline  solution  (Bias,  Zeit*,  Chem,,  v,  316;  UoiShiann,  jDeuL 
chem.  Gvs.  £er.,  ix.  690). 

Mjfranie  acidi  C|,H^XS,0^.— The  potaeeium  salt  of  thw  add  oeonm  in  tho 
eead  of  the  black  mustard,  8migm  nt^rro,  and  may  be  obtained  by  eryetalUaa^ 
tiou  from  alcohol  in  silky  needlee,  whilst  from  its  aqueous  solution  it  separatee 
in  short  transparent  rhombic  prit«m8.  It  is  easily  soluble  in  water,  but  only 
with  difhculty  in  alcohol.  When  a  dilute  solution  is  submitted  to  the  action  of 
myrojtiHf  an  albuinenoid  substance  contained  in  white  mustard,  it  is  readily 
dMOmpoeed,  yidding  allylk)  thiooyanate,  C,H,NCS,  and  glucose  (comp.  p.  582} : 

Potaiiib  myronate  k  not  deeompoeed  by  emdaiii  or  hj  yeaat   Tkoe  myronie 
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acid  may  "be  obtained  from  the  crystalline  barium  componnd  by  deoomposinfr  it 
with  dilute  sulphuric  acid.  The  solution  of  the  acid  driew  up  to  an  uncrystallizabld 
syrup,  which  is  soluble  in  alcohol  but  not  in  ether. 

Onanimt  (?)  C„H„0„,  and  Ottotpin:  (?)  C^H„0„.— Ononin,*  compomia 
existing  in  the  root  of  Ononi*  spinota,  maj  be  obtained  in  colourless  needle^ 
which  melt  at  235'  (455°  F.).  It  is  but  sparingly  soluble  in  boiling  water, 
more  w>  in  boilmji^  alcohol,  and  insoluble  in  etlier.  When  boiled  with  s 
solution  of  an  alkali,  or  with  baryta  water,  it  yields  onospin  and  a  formate: 
C„H^0„+20H,=  C^H^0^+2H.C00H.  Hydrochloric  or  dilute  .sulphuric 
•eid,  when  heated  with  ononin,  deoompoee  it  with  formation  ni  firwMuim, 
^m^4fiu»  '  C„HmO„  =  C^H^O„  +  aC,H„0.  +  2OH..  Fonnonstia 

Ibrins  colourleiis  crystals,  wbioh  an  nearlj  inaoloUe  in  water  and  in  ether,  bat 
somewhat  soluble  in  alcohol. 

Onospin  is  deposittd  from  its  boiling  aqueous  solution  as  a  white  crystalline 
mass.  It  is  insoluble  in  ether,  but  easily  soluble  in  alcohol,  and  in  alkaline 
idations,  being  pre<'.ipitated  from  the  latter  on  the  additi<m  of  an  aoid.  It  ndli 
it  t63*  (323'''6  v.),  and  when  boiled  with  dUate  aeida  yields  ommmIm, 
C^H^O^  and  glocose :  C„H„0„  =  CJEiJ)^,  +  2C,H„0^.  Ononetin  may  abs 
be  obtained  by  decomposint^  formonetin  by  boiling  it  with  baryta  watpr: 
Cj^H/\j  +  40IIj  =  <^\8H^/)j,  +  2li.CO()H".  Ononetin  crystallizes  in  long 
colourless  prisms,  which  melt  at  120°  (248"  F.).  It  is  nearly  insoluble  in 
water,  hat  aolaUe  in  aleohol  and  in  alkalkie  eolations.  Its  aromoniaioal  solotioB 
when  eipoeed  to  the  air  aequiree  a  deep  green  oolour  (Hlaaiweti,  Wtm,  Aiti, 
.Bier.,  XV.  142). 

ParifUn:  (?)  and  Parisfyphmn:  C\JI,,O^J?),  two  ^-Incosidw 

contained  iu  Paris  quadrifolia.  Paridin  crystallizes  in  thin  plates,  or  in  tafts 
of  needles.  It  is  only  slightly  soluble  either  in  boiling  wat«r  or  alcohol, 
and  when  boiled  with  hydrochloric  acid  in  dilute  alooholie  solution  yields  pa$M, 
C^H^O,.  and  gltt<»ee :  CJ{J\^  +  OH,  =  C„H,.0,  +  C.H„0,.  ^  FtoielTphnb  b 
an  amorphous  substance  which,  when  boiled  witil  water,  yields  gloeose  awl 
paridin  :  C„H,/)..  +  2OH,  =  C„H,.0,  -f  C.H,A- 

Phi//i/nn:  C  H  O  .,  a  colourless  crvstalline  substance  extracted  from  the 
bark  of  Pkillyrea  la(i/ulia.  It  hiis  a  bitter  taste,  is  but  sparingly  soluble  lo  cold 
water,  more  eo  in  boiling  water  and  in  alcohol,  but  insoloble  in  ether.  It  maHi 
at  160*  (330*  F.),  ond  when  boiled  with  dilute  hydroebkrie  aoidp  it  is  resolved 
info  phillygenin,  and  a  glucose:  CJ3Jd^  +  OH,  s  C,jH„0,  + 
Philli/genin  may  be  obtained  in  a  nacreous  mass  of  crystals  which  are  alm<wt 
insoluble  in  cold  water,  but  dii^solve  readily  in  alcohol  or  ether.  Both  phillyrin 
and  phillygenin  yield  substitution  compounds  by  the  action  of  chlorinet  brouiiiiei 
and  nitric  acid. 

Pklorigin  and  ItopJUonmn:  C,^H,,0.,.— Fhlorishi  is  found  ui  the  root  berk 

of  the  apple,  pear,  plum,  and  cherry  tree,  and  may  readily  be  extraoted  by 
treating  the  bark  with  dilute  alcohol,  decolorizing  the  solution  with  animal 
charcoal,  and  concentrating.  It  crystallizes  in  slender  silky  needles,  which  are 
only  sparingly  soluble  in  a)ld  water,  but  readily  on  boiling.  It  is  also  easily 
soluble  in  alcohol,  but  insoluble  in  ether.  The  crystals  have  the  compositioo 
Ca."iAo+  20H„b«tloeetheirwater at  loo**(ai2'F.).  Anhydions phloriiiii 
melts  at  109**  F.).    By  the  simultaneous  action  of  Mr  and  ammonia  on 

phlorizin,  an  oncrystallizable  reddish-brown  product  is  obtained,  called /)A/ororrt«, 
having  the  composition  Cjj,HjjNjO,,.  By  boiling  phlorizin  for  a  short  time 
with  dilute  acids,  or  by  prolonged  contact  in  the  cold,  it  is  decomposed  into 
phloretin  and  a  glucose  (comp.  p.  582)  :  0„H^Oj,  +  OH,  =  C^^^O,  +  C,H„0,. 
PJUorvHm  erystalliasa  in  mioroscopic  platss  uraost  insoluble  in  eoMt  end  but 
sparing^  solnble  evwi  in  boiling  watsr  or  in  ei|Iier|  veiy  oolnble  in  hot  alosbsL 
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It  meita  at  iSo**  (356°  F.).  It  yiel^  bromo-  and  nitro-derivatives  bytiie  aetion 
of  bromine  and  of  nitric  aoid  rcspeeUvdly.    TOrabromopklofrtiin,  O^^H^^\iT^O^, 

crystallizes  in  pale  yellow  needles,  which  melt  at  305" — 210°  (401** — 410''  F.). 
It  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  but  easily  eolaUb  in  etlMr. 
NUrophforetin,  CjjH,j(^<Oo)'>  ,  is  a  brown  amorphoun  componnd. 

Wlien  phioretin  is  boiliHl  for  some  time  w^ith  a  concentrated  solution  of 
potassic  hydrate,  it  is  decuni posed,  yielding  fkloretic  acid  (oouip.  p.  493)» 
C.H^^O,,  and  phlorogbeol,  €,H,0,. 

Imfphlorixin,  neoording  to  Kochleder  {2kiU.  Ckem.,  it,  7dl)»  oocan  in  the 
leares  of  the  apple-tree.  It  crystallizes  in  thin  silvery  needles,  which  m^t 
at  105°  (221°  F.).  Dilute  acids  act  on  it  far  more  readily  tii.m  on  phlorizin, 
givin;!,'  rise  to  ijiojihloretin  and  a  glucose.  Isophloretin  closely  rcsomhle.s  phioretin, 
but  it>  easily  soluble  in  ether.  By  tiie  action  of  potassic  hydrate,  it  yields 
phbroglvool  and  iiepkkr^tie  aeid, 

PinipieriMf  CmfiJO^^,  »  bitter  glnootide  oocnmng  in  the  noedlce  and  bark 
of  the  Scotch  fir  (  P»»«*  SylvestrU)  and  in  the  Thuja  occidentalis,  forms  a 
bright  yellow  powder,  which  melt*  at  about  loo"^  (212^  F.).  It  is  soluble  in 
alcohol,  very  soluble  in  water,  but  insoluble  in  pure  dry  ether.  When 
heated  with  dilute  acids,  it  is  resolved  into  ertcinol  and  a  glucose : 
C«H^O,  4. 2OH.-  C,H,.0  +  2C.H„0,. 

FapuHn  or  MeiuoyUalieiM :  C^H^O,,  waa  diaeovand  by  Braaoonot,  in  tlia 
bark  and  laavaa  of  the  aspen  {Populus  tremula).  It  crystallizes  in  colourless, 
silky  needles  of  the  composition  ^'2n^2'^^»'^  -2011^,  which  part  with  their  water 
below  100°  (212'  F.).  Anhydrous  jxipulin  melta  at  180°  (356°  F.).  Populin 
dissolves  in  70  pte.  boiling  water,  but  is  only  slightly  soluble  in  the  cold,  it  is 
mora  solttbta  in  aloohol,  but  almoat  insolnble  in  ether.  Dikta  nitria  add 
oxidina  it  to  bauokeUeuh  C^H^O,  {vide  Heliein),  bot  when  boiled  with  diluta 
aolphnric  or  hydroehloria  aeid,  ife  ia  oonvarled  into  gluoosi^  benaoio  add,  and 
aal^nol,  C\H,0, : 

— but  the  saiigenol  is  converted  into  saliretin  by  the  further  action  of  the  acid. 
Boiled  with  baric  or  calcic  hvdrate,  it  yields  saliciu  and  benzoic  acid: 
C^H^O,  +  OH,  =  C„H^,C\  +  0,11/  \.    Emuknn  has  no  action  on  populin. 

Propk^in :  C„U^O,,  a  bitter,  resinous  principle  contained  in  the  froit  of 
Curumis  j  r  tphetarum,  which  when  boiled  with  adda  yields  propketerin, 
CgjHj^O^,  and  a  subntance  of  the  nature  of  glucose. 

Quinovin  or  Q"inoi  a  Utter  :  C^^H^fi^,  is  found  in  the  false  cinchona  bark 
{Cinchona  nova),  uud  according  to  l>e  Vrij  in  the  C.  Calisajfa  of  Java.  It  is 
an  amorplioas  aubstanee  posseasing  a  v«ry  bitter  taata,  almoitt  insolablain  watar, 
tery  aolnble  in  aloohol,  and  moderately  so  in  ether  and  diloroform.  It  is  das- 
trarotatory,  bnt  is  less  active  than  quinovic  acid.  By  passing  dry  hydroehloria 
afid  into  an  alcoholic  solution  of  quinovin,  it  is  resolved  into  quinovic 
acid,  Cj^Hj^O^,  and  a  [)eculiar  saccharine  substance  called  quinova-suoar : 
CjjHjjO,  +  OHj=  C^^H^jO^  +  C^H^O^.  The  quinovic  acid,  which  is  deposited  as 
a  white  ciyataUina  powder  aooaittaig  of  minute  six-sided  plates,  ia  insolnbla  in 
water,  and  only  sparingly  solnbla  in  athar  or  boiling  aloohoL  It  ia  dibasie,  and 
only  possesses  feeble  acid  properties,  bat  is  oapabla  oi  decomposing  the  aUudina 
carbonates.     Its  salts  are  not  crystalline. 

Quinovatannic  acid,  a  substance  resembling  q\iinotiinnic  acid,  obtained  by 
Hlasiwetz  {Ann.  Chem.  Pharm.,  Ixxix.  130)  from  the  bark  ot  Cinchona  noca 
and  O,  tmrinammuit.  It  doea  not  yield  any  preeipttate  dthar  with  galatb  or 
Irith  tartar  eoetie,  and  when  boiled  with  dilate  aoida,  it  ia  daeomposed  with 
formation  of  dnehona-vsd,  and  <  aaoeharina  aabstanoa. 
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RnffDihta-tannic  arid,  a  pecnlinr  tannin  found  in  the  bark  of  rhatnny-rnot, 
JCranHria  triandra,  which  when  boiled  with  dilute  sulphuric  acid)  lelds  ratankia- 

^M^^at^it>  ^'^^  difficultly -crystalUuble  gluoone.  On  being  fused  with  potanit 
bjdrate.  ratanhia-ved  m  molved  into  protooateehaie  add  and  phloroglaodL 

Rhamnin  and  Rhamnegin,  Xanthorhamnin,  Chrysorhamnin  :  C^H^O,|. 
The  yellow  colouring  matters  contained  in  '*  Persian  berries,"  or  "  grains 
d'Avifffion."  derived  from  tlie  Jihamnus  amt/cfdalinug,  R.  oleiddes,  R.  saxatUi*. 
growing  in  Persia  and  Turkey,  and  the  M.  tHjectarius  and  M.  ttnctQi'im, 
growing  in  Avignon,  have  been  examined  by  many  investigators,  but  the  results 
obtained  are  aomewhat  oonflioUng,  and  the  nature  and  omnpoMtkm  of  theie  eoB- 
poonds  cannot  be  ntpurded  as  definitely  Keith-d. 

According  toLefort  (Compt.  Rend.,\x\u,  840,  and  hvii.  345),  there  are  two 
isomeric  substatices  present  in  the  fruits,  one  of  which,  rhamnin,  is  amorphous  and 
insoluble  in  wnter,  but  soluble  in  boilinj;  alcohol;  tlie  other,  rliamnniin,  crysialliaes 
iu  tuftb  uf  minute  needles  of  a  yellowish  white  colour,  easily  boluUein  water  and 
in  hot  alcohol.  It  nppeara  to  be  identioal  with  the  amUkorhamfiAii  of  Qellatlj. 
Bhamnegin  when  boiled  with  very  dilute  adda  ie  eoin]rfetely  converted  into  the 
iioinerie  liiainnin,  which  by  the  action  of  8tron|L>:or  acids  yields  rham/u  fin,  C,,H,,0^, 
and  an  isonieride  of  mannitol  (?):  3^^s  =  ^'n^^io^^* 

ithamnetiti  is  a  pale  y  How,  rrystalline  rubstaiice,  very  similar  in  proj>eitie>  to 
quercetin,  with  whicli  it  is  cousideied  to  be  identical  by  Hiusiwctz  (Ann.  Lhem. 
Pkarm,,  cxii.  107)  Mid  bf  Stflin  (ZeiU,  cfteM.,  t.  1 83 .  5  6  S).  When  fused  with 
potamie  hydrate,  it  jielda  phlorogluool  and  queroetie  acid.  Sehatzenberger 
etates  {Compt.  Rend.,  Izix.  350)  that  rhamnegin  may  be  formed  synthetically 
from  rlmmnetin  by  heating  ite  lead  eompound  with  diaoetgrlaaooharoa  at 
140°  (284°  F.). 

The  berries  of  the  buckthorn,  R.  catharticug,  contain  rhamne</in,  or,  ac- 
oofding  to  Sehtttsenberger,  two  ieomerie  modificationa  of  rhamnegin,  one  of  which 
ia  more  soluble  in  akohol  than  the  other,  and  also  more  fumble. 

RJiinanthin  :  Cj^Hj^O.^,  a  gluco»ide  contained  in  the  seeds  of  the  yellow 
rattle,  R/iitiau(hus  ('rixfa  (tulll,  and  in  tho^t- o[  A^crfrofuphug  hirtutuK,  crystal- 
lizes in  stellate  fjroups  of  pri.sin*  whicli  are  eti-sily  soluble  iu  water  and  in  aloohul. 
It  is  decouiposed  by  acids  yit-ldiu^  a  saccharine  sub&tuucc  and  a  browu  uou- 
crystalline  compound,  rkamnogentH, 

Rubinw ;  C^H^O,,,  a  yellow  cryatalUne  glucodde  obtwned  firom  the  bloeioaie 
<rfthe  Robiniapstudticaria.  It  forms  silky  needles  which  lo«e  their  water  of 
crystallization  at  ioo\  llobinin  melts  at  195°  (383^  F.).  It  is  insoluble  in 
ether,  and  but  slij^htly  soluble  in  cold  water  or  alcohol.  When  boiled  with 
dilute  acids,  it  is  said  to  split  up  iu  the  manner  iuJicated  in  the  equatioa : 
CnJ^«o*^i.  +  2<^H,  =  Cj,H,^0,+  2C,n„0,,  yielding  qaerceUn  and  a  peculiar 
species  of  augur,  robiniit'gtijfar,  which  doea  nolof^rtftelliie,  and  whioh  when  heated 
with  nitrie  aoid  jrielda  trinitrophenol  and  traces  of  oxalte  acid.  It  doea  not 
undergo  fermentation  in  contact  with  yeast. 

Rutin,  P/ii/li>i)uil/i,or  Mtlin  :  C„jll„,()jj,2<)ll^,  i.s  a  glui:o!iide  which  apj>ear« 
to  be  very  widely  dillused  in  the  vegetable  kingdom,  being  contained  in  ^mien 
me,  Suia  ymvpolentt  in  eapers,  from  Cajppari*  aptamra,  and  in  "  Wa^a"  or 
Chinese  yeUow,  in  grains,  the  undeveloped  flower  buda  of  Sopkora  japomea.  ft 
crystallizes  from  its  aqueous  solution  in  pale  yellow  slender  needles,  which  kwe 
their  water  of  cryntallization  at  150°  (302°  F.).  It  is  insoluble  in  ether,  only 
slightly  soluble  in  cold  water  or  alcohol,  but  readily  on  boiling'.  It  al.<o 
dissolves  easily  in  dilute  alkaline  solutions.  When  boiled  with  dilute  acidri,  it 
jielda  queroetin  and  a gluooset  C„K„0„  +  30H^^ C^H^O,  +  2C,li„0,.  The 
gluoose  ibma  •  eojooiieaa  luunjifmaable  ayrup  which  yieida  oaalio  aeid  wheu 
treated  with  nitric  aoid.   It  doea  not  undergo  fermeatatioo. 
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Saliein  :  C,,Hj,0,.^Tbii  ghiMttklA  ooeon  in  tiw  bark  of  many  apeciea  ol 
willoir  and  poplat,  alio  iu  th«  green  parta  of  aeveral  a|Mf«a«,  and  in  oaatMvnin. 

It  may  aluo  be  prepared  by  the  action  of  nascent  hydrogen  on  helicin  ;  or  by 
treating  populin  with  calcic  or  baric  hydrate,  when  it  is  resolved  into  benzoic 
acid  and  saliein.  Saliein  crystallizeti  in  broud  colourless  tables  belonging  to  the 
trimetric  system.  It  u  insoluble  in  ether,  but  soluble  in  water  and  in  alcohol ; 
its  aolutions  have  a  bitter  taate.  Itmeltaafe  120°  (248**  F.).  A  solution  of 
•alicin  tuma  the  plane  of  polarizatioo  to  the  left,  ihe  apparent  epeeifio  rotatory 
power  being  [a]r=  —  55*''8.  As  already  noticed  (p.  537);  when  treated  with 
dilate  acid,  or  submitted  to  the  action  of  emulaia  or  tynaptaae,  it  i«  naolved 
into  ialigenol  and  glacoae : 

C,H/CH,.OH).O.C,H,OfOH),  +  OH,  -  C,H/OH).CH,.OH  +  C,H„0,. 

When  saliein  is  dissolved  in  an  alcoholic  solution  of  mjdiu  ethylate,  the  liquid 
•oon  ibKdifiea  to  a  crystalline  pulp  of  todium-^aHein,  C„H,,NuO,  (Perkin, 
Ci«M.  Newi,  xviii.  iio).  At  the  ordinnry  tempcratare,  acetic  chloride  converta 
•alicin  into  a  compound  of  acetic  chloride  with  tetraevfyltoHeiM  of  the  compoai- 
tion  C„H„(CJI,()WC,H  OCl.  Tetnicetylsilicin  may  be  obtained  from  this, 
together  with  argentic  chloride  and  acetic  acid,  by  treatment  with  argentic 
nitrat4*.    It  cry>talli2cs  in  needles,  and  is  solublo  in  alcohol,  ether,  and  water. 

Ckhrotaium :  C„H„C10,.20U,,  is  formed  on  pas^sing  chlorine  into  •  mix*- 
tun  of  one  part  of  valicin  with  four  of  water  until  the  crystala  hftve  dissolved. 
Afteratiroe,  monochlorosalicin  separates  in  slcu  lcr  silky  needles.  It  is  insoluble 
in  ether,  but  soluble  in  water  and  in  ale  ihol.  I'y  the  continued  action  of 
chlorine,  it  is  converted  into  dichlorusalici n,  JIj^t^'l/)j.20Hj,  which  also 
ciystallizes  in  long  silky  needles  almost  in -soluble  in  ether  and  in  cold  water, 
Imt  modentaly  aolable  in  akohoL  PercUoro$aliei»,  C\,U,,C1,0,.20H,.  is 
obtained  as  »  yellow  cryitalline  powder,  by  paasing  chkmne  into  hot  water  in 
^hichdichlorosalicin  issnspended,  and  containing  Inmpa  of  marble  to  neutralize  the 
hydrochloric  acid  as  it  is  formed.  It  i«  purified  by  washing  it  with  ether,  and 
subsequent  cryntallization  from  dilute  uloohol.  All  these  chlorine  derivatives 
lose  the  two  molecules  of  water  of  orysluUization  when  heated  to  loo^  (212°  F.). 

Bromataliem :  C„H,,BrO,,20H^  separates  in  «  eryatalline  state  on  adding 
ihe  reqaisate  amoont  of  broroino  to  saliein  dissotved  in  20  parts  of  water.  It 
Ciyatallises  from  water  in  colourless  four-sided  prisma  which  lose  their  water  of 
crystallizjition  at  1 10°  (2  30'^  F.)  and  fune  at  160*  (.320°  V.).  It  is  decomposed 
by  eunilsin  with  formation  of  bromotaUjfeml,  C^U,Br(01i).CUg,0Il  (Schmidt, 
jSeiig.  chem.p  L  320). 

&gwmm,  JSirutkim,  OUkagin,  Senegin,  Poly^aU» :  C^H^O^,.^This  glu- 
«oo!de,  first  disoovered  by  Schnide  m  the  common  soapwort,  Sapomaria  (^^eimalu, 
has  been  obtained  from  the  oriental  soap  wort,  Gymtpiiia9irutikhm,ttmhi^yh^^ 
bark,  from  the  seeds  of  the  corn  cockle,  Agroxtemma  ffiihngo,{vom  senega  root, 
from  horse  chestnuts,  and  the  root^  of  mimeroti-*  plants  belonging  to  the  natural 
orders  PoLi/galacea^  Caryo^ht/Llaceee  and  F rtmulace(e .  It  is  obtained  as  a 
white  amorphoas  fnsibb  powder  of  peculiar  aromatic  odour,  which  is  insoluble  in 
eAher  and  in  dry  alcohol,  but  solaUe  in  dilate  alcohol*  and  readily  aolnbk  in 
water,  forming  a  liquid  which  froths  on  agitation.  Its  solution  is  precipitated 
by  plumbic  acetate.  Dilute  acids  decoiniv>se  Kaponin  slowly  in  the  cold,  but 
more  rapidly  whi'ii  hi'  ited,  with  formation  of  a  glucose  and  separ.it  ii»n  o(  xajyoqenin 
(Kochkder,  ZtiU.  chem.,  iii.  632)  :  C„H„0^  +  2011,  =  C  H^O,  4-  3C\H,/\. 
Sapogenin  oKystalliaes  in  tofts  of  needles,  wluoh  ai*  lolubte  in  alooiiol  and  in 
«ther. 

The  above  equation  only  represents  the  final  stage,  however,  then  bein>^  two 
intermediate  ooes^  the  first  reaoltiug  in  the  formation  of  n  sahatanoe  which 
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Fremy  designated  asrulic  aeid:  C^H^O^  =  C^H^O„  +  C,Hj,0,.  In  the 
aeeond  itage  a  geUtinoiw  nabrtanoe  bannif  the  oomporitaon  C,,H^O,  ii 
pradmed :  C^H^O,,  +  OH, «  C,,H„0,  +  2C,H„0, ;  whilst  in  lome  in>t«MW  t 
compound,  C^JI^^O,,  is  obtained  differing  from  Kapogenin  in  being  much  moiv 
readily  Holuble  in  alcohol,  and  which  may  be  rej^^anled  as  derived  from  two 
molecules  of  sapogenin  and  one  of  a  gluoOiie»  with  elimination  of  water: 
aC„H„0.  +  C,H,  A  ^  C„H  O  -f  OH^ 

mnuObm :  C,.U^N,S,0„  (?),  a  gloooMde  ecmtained  in  nrasM*Mfld,  wbioh,  lib 
polaMie  nyronate,  ia  deoompowd  by  oootaefc  with  an  aqnooua  exiraci  of  mortKd, 
yielding  glucose,  aerinyl  tkiocyanaU,  C,H,NSO,  and  ainapisine  sulpkaU, 
C,gH||^NS(  )^  toijether  with  an  albuniintnis*  substance.  Acrinyl  tliio<'yanat«  U 
inmtluble  in  wat^r,  sohible  in  ether,  and  reaeoibldn  the  aliyl  Gompoundy  but  i«  not 
Tolatile  (Will,  Zeits.  chcm,  [zj,  vii.  89). 

SoUmim, — ^An  organie  lobttenee  of  bano  naUm  diietmnd  bf  Dwffoww  in 
'  thafraitaofthafii>toiitiaia^riMa,and  ainea  obliingd  from  other  phnti  balonginf 
to  the  Mune  genus,  especially  from  the  etiolated  nhoots  and  from  the  tubers  of 
the  {x)tato.  It  in  only  sli^'htly  solubk'  in  cold  alcohol,  but  easily  when  it  is  hot, 
crystallizing  out  again  on  cooling  in  sUndtT  silky  needles.  It  melts  at 
23^°  (455°  ^')*  almost  insoluble  in  water  and  in  ether,  but  readily  soluble 

in  dilute  adda,  being  predpitated  again  in  a  gtdaUnotM  etala  on  tta  addition  ef 
an  alkali.  It  ia  vefj  poiaonooe.  Tha  aonpoeition  of  aolanine wyat  a  matter  flf 
ODoertainty,  Zwenger  and  Kind  {Ann.  Ckem.  Pharm.^cxx.  244 ;  and  cxviii.  129) 
auigning  to  it  the  formula, C„HyjNOj^.whil>t  Kletzinsky  [ZeiU.  ckem.  [2].  ii.  127) 
maken  it  C,jH,^XO^.  SoUnine  forma  both  neutral  and  aoid  ealta,  which  an 
moetlj  non-crystnlline. 

When  eolanine  it  boiled  with  dilute  hydrooblorio  arid,  it  ia  deeompoeed  witii 
formation  of  a  glqeoae  and  an  alkaloid,  tokuUdiiu^  to  whidi  Zwenger  OLd  Kad 
assign  the  fbrmola,  €^^11^^X0,  repmenting  the  reaction  which  takes  place  in  tht 
following  manner:  C„H,,NO^,  +  3OH,  =  C„^H^,NO  +  3C,H„0,.  The  solani- 
dine  separates  as  hydrochloride,  from  which,  alter  purificiition  by  crystalliiing 
the  salt  from  ether-alcohol,  the  base  may  be  obtained  by  precipitating  iti 
ak»h«die  eolation  with  ammonia.  Solanidine  is  alraoat  iniwluble  in  water,  iMt 
eeeUj  anlnbie  in  aloohol  or  ether,  eryetallinng  in  long  ookmilem  naadlea  Iti 
aolotions  have  a  bitter,  slightly  astringent  taste.  The  salts  of  solanidine,  both 
noutral  and  acid,  are  onlj  aparin^y  eolnbla  in  water  or  in  dilnta  aoada ;  moit  ef 
them  are  cry « tall ine. 

A  solution  of  solanidine  in  slightly  diluted  sulphuric,  or  cold  concentrated 
hydrochloric  acid,  assumes  a  reddish  or  violet  colour  which  passes  into  yellov, 
and  an  atending  deposite  a  bulky  yellow  or  brown  precipitate.  Thia  cooeieti  of 
a  mixture  of  the  ealts  of  two  baees,  one  of  which,  in  the  free  state,  is  soluble  ia 
ether,  and  appears  to  be  impure  solanidine,  whilst  the  other,  insoluble  in  ether,  is 
tolanicine,  ^^„H.^N^O  (?).  It  is  very  »lighlly  soluble  in  water  and  in  alcohol,  and 
requires  2000  parts  of  ether  to  dissolve  it,  cryhtiilliz.ing  in  slender  needles  on  the 
spontaneous  evaporation  of  the  solution.  Its  salts  are  amorphous,  and  eaidy 
adnUa  in  aleobd  or  wirter,  bat  tneolnble  in  ether. 

It  win  readily  be  seen  from  this  short  notice  that  oar  knowledge  of  solanint 
and  the  producta  of  its  deoompoeition  ie  rny  •  nneatialactoiy ;  tha  whole  eolyeet 
sequiring  further  investigation. 

Syringin  :  C,,Hj^(),q.OHj. — This  substance  is  obtained  from  the  bark  of 
the  lilac,  Syringa  vulgarity  in  which  it  occurs  more  abundantly  in  the  mootb 
«f  Menh  Ikan  in  April.  It  ii»  aoeordinff  to  Knmuijer,  idawtknl  with  (h| 
Kfputrm  from  privet  bark.  Sjringin  erystalliaes  from  aloohol  in  kng  oolouriem 
aaidba  whieh  loea  their  witir  of  qyetalliMtion  at  115**  (sj9*  F.),  and  th« 
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wAi  at  312''  (413°  6  F.).  It  u  iiMolaUe  In  atlMr,  only  sparingly  MlobU  in 
oold,  but  fMulily  in  boiling  water.   Wben  haatad  with  dilute  hydnehlOTifi 

Hcid,  Ryringin  b  decomposed,  yielding  a  fermentable  glucose  and  syringenin: 

^'.,H./>..  ^  =  ^\.«..^\  +  <-'«".,<V  %ringenin.  C„H„(VOH„  is  deposited 
in  lluck8  which  cohere  to  a  pale  nwe-ooloiired  fvniorphous  inass.  It  losed  a 
molecule  of  water  at  100°  (2 1 2°  and  inelU  at  1 70'— 1 80°  (338^—356°  F.), 
It  ia  nuolabb  b  water  and  in  etker,  bnt  aolnble  in  aloohol. 

ThtHpieim :  C^H^^O,^. — glaeoaide  reaemblinf  convolTnlin,  found  by  Spir- 
gatin  (N.  Rep.  Pharm.,  xix.  452)  in  Tampico  jalap.  It  is  a  reeinoue  substance, 
soluble  in  ulcohol  and  in  ether,  which  takes  up  3OH,,  and  u  converted  into 
tampiric  acid,  ^  i^^t^o^^w  treated  with  a  powerful  base.     On  digesting 

tampicin  with  dilute  acids,  it  is  resolved  into  tamjuculic  acid,  Cj,H^O,,  and 
gluoose:  C^H^O^,  +  4OH,  =  C^,H„0,  +  iC.ti^O,.  Tampicio  aeidiaamorphooa, 
and  eavily  aoluble  in  water  aiid  in  aleohol.  TampiooiiB  acid  eryctalliiea  in 
slender  needles,  and  forms  aoloUa  aatta  with  the  alkalieai  inaolnUe  aalta  with 
the  earths  and  heavy  metals. 

J^annins. — A  number  of  substances  occurriu';  esp^'ially  in  the  bark  of 
plants  and  in  the  huskH  of  fruit  and  seeds,  which  are  mostly  amorphous,  of 
astringent  taste,  and  precipitate  albamen  and  gelatin  from  their  solutions,  and 
nnite  with  animal  membrane  to  form  leather,  are  inelnded  nnder  thiadeaignation. 
Two  groups  of  tannins  may  be  distinguished :  those  which  are  ooloared  black 
or  bluish  by  ferric  chloride,  and  those  wliich  are  coloured  green.  Appamitly 
the  former  yield  a  glucose  and  another  substance  when  boiled  with  dilute  acids, 
and  pyrognllul  on  dry  distillation ;  the  latter,  however,  seldom  furnish  a 
glaoose,  but  when  snbmitted  to  the  action  of  potassic  hydrate  frequently  yield 
phlorogineol  bcaidea  praloeateehiuo  aeid,  and  all  fiimiah  eateehol  (pyrDCttkechin) 
on  dry  distillation.  Each  g^up  appeiirs  to  contiun  a  number  of  bodies  differing 
in  composition,  but  our  knowledge  of  the  majority  ot  the  tannins  is  extremely 
imperfect.  Gallotannin,  the  chief  constituent  of  the  gallnuts  of  QuercuM 
utfectoria  and  of  other  species  of  uak,  and  of  Chinese  galhiuls,  is  a  colourless 
amorphous  substance,  easily  soloUe  in  water,  without  action  on  polarised  light. 
When  boiled  with  dilute  anida,  it  yielda  a  dextroglacoee  and  galUo  add, 
C,H,(OH),.COOH ;  from  Schiff*8  experiments  it  is  probable,  however,  that 
gallotannin  is  a  glncoside  of  digallic  acid,  Cjjl,p,  =  20^11,0,  —  OH^,  most 
probably  of  the  formula  C,^Hj,Ojj.  and  that  it  yields  a  single  molecule  of 
glucose  and  two  of  digallic  acid  when  decomponed,  the  latter  being  further 
resolved  into  gallic  acid.  Commercial  tannin  appears  to  be  a  mixture  in  variable 
proportiona,  aMording  to  the  method  of  mannftetare,  of  gallotannin  (the  gluooaide) 
and  of  tannic  or  digallic  acid,  and  sometimes  to  consist  entucdly  of  the  latter,  as 
when  it  yielda  no  glucose  on  boiling  with  an  acid.  ^ 

Thujin :  Cj,,H^Oj,. — A  glucoside  occurring  in  small  quantity  in  the  green 
parts  of  7^u;a  occidentalig.  It  crystallizes  in  minute,  glistening,  yellow  plates, 
which  are  soluble  in  alcohol.  When  heated  with  dilute  acids,  it  is  decomposed 
into  n  glocoee  and  Uii/stfM.;  2C,,H J),,  +  4OH,  =  C„H„0„  +  2C;H„0,. 
Tbi^etin  is  almost  insoluble  in  water,  but  aolttble  in  aloohol  and  in  ether. 
When  boiled  with  baric  hydrate  solution  it  loses  three  molecules  of  water,  and 
is  eonvertf'd  into  thujetir  arid ,  ^,,H^O,j.  This  acid  is  als^o  obtained  by  boiling 
thujin  with  baric  hydrate  solution  in  an  atmosphere  of  hydrogen  until  a  reddish- 
yellow  precipitate  is  formed :  2C„H„0^  +  OH^  =  +  aC^H^^O..  Thiyetic 
add  crystaUiMa  in  lemon-yelluw  mwroaoopie  needlee,  aolnblo  in  akoliol,  but 
iuaolnble  in  watei. 

When  thiyin  is  heated  for  a  short  time  with  hydrochloric  acid  only,  thujigenin, 
CfflJ^f^  appean  to  be  formed.   Thia  compound  may  be  obtained  Dram  the 
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extract  of  Thuja  by  adding  basic  plambic  acetate  to  the  filtrate,  afler  the  thujin, 
&c.,  has  been  removed  by  plumbic  acetate.  The  precipitate  is  decoinpoxed  bj 
hydric  sulphide,  and  the  clear  solution  evaporated  in  vacuo.  Thojij^nin  t'orm* 
microscopic  needles  soluble  in  alcohol,  but  only  very  slightly  t«oluble  iu  water. 

Turpeikin:  C,JI  .^( a  purgative  reetn  extracted  from  the  root  of  Ipomm 
imrpeihum.  It  is  easily  soluble  in  aicuhol,  but,  unlike  jalapin,  is  insoluble  in 
ether.  It  melts  at  183*  (^6i'^'4  F.), and  wlu  n  lioik-i!  with  dilute  acids  is  re?:olv<'d 
into  glucose  and  turpetholic  and:  ,,<>„  +  6( )I I,  -  i\,ll,/)^  +  3iyij  O^. 

This  acid  may  be  obtained  crystallized  in  colourless  microscopic  needU's  which 
meli  st  88*'  ( 1 9o°'4  F.).  It  is  easily  soluble  in  aloobol,  leie  eo  b  ether.  The 
aodie  ealt,  C^H^^NaO^.  forme  aharplyndefined  rfaomlne  platee.  Turpethofie  acid 
is  isomeric  with  jalapinollo  acid,  which  is  apparently  homologooe  with  eoa> 
Tolvuliiiolio  acid,  the  three  acid.-^  being  members  of  a  aeriee  ot'  the  ooanpontioa 
C||Hj„()^.  to  which  glyceric  acid  belong. 

When  turpethin  is  treated  with  bariu  hydrate  solution,  it  takes  up  two  mole- 
ealee  of  water,  and  ta  eonverted  into  twptikie  acid,  C^l  I  ,,0^,.  It  ia  an  ainof|lMmi 
aabetanoe,  eaaily  aolnble  in  water. 

JICj^o9tetn  or  T^onteertn,  a  bitter  glucoside  said  to  exist  in  the  berriei  of  the 
fly  honeysuckle,  Lonicera  aytottemm.  The  producta  of  ita  deoompotttkm  hafe 
not  jfet  befo  investigated. 

From  the  foregoing  deseription  it  will  be  evident  tiiat  onr  knowledge  of  the 
ginooaidea  ia  extremely  imperfect:  even  their  exact  eompofition  being  nnknewa 
in  many  cases.    In  very  few  instances  has  it  been  ascertained  that  the  glnoost 

obtained  from  a  particular  glucoside  is  ideutical  or  not  with  sucrodextrose ;  and 
it  is  also  at  present  doubllul  wliether  tlu>se  which  funiish  more  than  a  single 
molecule  of  glucose  are  all  glucosides,  and  not  derived  from  a  sacchuron  or  even, 
aa  Hiamwetx  baa  anggested  may  be  the  caee  with  eome  of  the  tannine,  ftem  a 
■till  higher  carbohydrate  of  the  nature  of  dextrin.  A  knowledge  of  the  exaet 
composition  and  constitution  of  the  glucosides  is  now  becoming  of  the  greatest 
importance  in  connexion  with  the  phenomena  of  vegetable  lile,  ard  it  is  very 
desirable  that  they  should  receive  a  greater  share  of  attention  than  has  hitherto 
been  devoted  to  them  by  chemists  generally. 

§  IV.  Tbb  Thiosthers  and  Polysulpbides,  Sblbnioss^  axd 

Telluridbs. 

(1607)  The  thioethers  are  the  analogues  of  the  metallic  sulphides,  and  bear 
the  same  relation  to  the  ethers  that  the  thioalcohols  bear  to  the  alcohols,  thus: 

NaS  (C,I1,),S 
BodtosQipUds.  EttvHesalpUde. 

The  ibUowing  ue  known : 

nioeikmt  i^lle  (C.H,„  +  ^  S  Series, 

Methylic  sulphide  CH  .S.CH,  41* 

Methylic  ethylic  sulphide  CH,'.S.C,H,  66* 

Ethylic  Bttlphide  (C,H  j  8  91° 

Propylic  sulphide  (<'sH.),"»S  I30*»-I35' 

Isopropylic  sulphide  ^^'sH-)/'^  Il6®-I20* 

Ethylic  isoamylic  sulphide  C,H/.8.C,Hj,  158° 

Butylic  sulphide  (^VJ,)^*^  182° 

Isoprimary  butylic  sulphide  (C4H,)/S  173® 

Secondary  butylic  sulphide  (C^HAvS  165* 

laounylio  enlphido  (<^s^s^  ^^6* 
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Hkioether*  imrwedfrom  other  ManetkioaieokoU. 

B.  P.  *  C. 

Alh  lie  sulphide  (^\^^X^  m'o**' 

Phenylic  sulphide  J,S  293° 

Benzylic  sulphide  (C.H..CHJ,S        m.p.  49" 

o-Naphthylic  sulphide  (Cj^H,)j*S       H.P.  about  loo* 

Preparation. — Tbioethers  may  be  prepared  by  the  foliowing  methods, 
all  of  whieh  aio  of  more  or  lets  general  applieation. 

I.  By  the  action  of  haloid  ^vatives  of  bjdiQoarboiia,  or  ofiihe  laUi  formed 
by  neutralitiBg  the  acid  ethereal  sulphatat  with  an  alkali  or  alkaline-earthy 
carbonate*  on  potaiaie  or  aodio  ralphide;  for  example  (oomp.  Ibotooie,  p.  707) : 

Bthjlic  chloride.  Ethjlic  sulphide. 

.  BUutoaoralpliidii. 


2aH,.KS0,  +  K-S  =  (C.HJ.S  +  3K,80,. 

The  naoa]  plan  ia  to  digest  a  mixture  of  the  haloid  hydrocarbon  derivative  with 
a  concentrated  aqueous  or  alcoholic  solution  of  the  sulphide ;  or  if  the  sulphate 
be  employed,  to  distil  it  with  a  concentrated  solution  of  the  sulphide.  It  need 
scarcely  be  stated  that  only  certain  of  the  haloid  derivatives  of  hydrocarbons  are 
an^ble  &r  the  preparation  of  oorreeponding  sulphides,  theae  derired  from 
hjdroearbona  in  which  the  carbon  atoms  are  regarded  as  entirriy  or  partially 
united  in  a  dosed  chain  by  the  dis;  1  u  ement  of  hydrogen  atoms  attadied  to 
carbon  atoms  which  form  part  of  the  closed  chain  beint^  without  action  on  the 
roetiillic;  sulphides,  whereas  those  in  which  the  halogen  '\a  contained  in  the  side 
chain,  as  a  rule,  readily  furnish  corresponding  sulphides.  Thus  the  modification 
of  monoohlorotolaene  termed  bensylie  chloride,  C,H,.CH,C1,  at  once  reaets  with 
potaasic  and  sodic  salphide,  whereas  the  eUorotoluenes  of  the  formula  C,H^CICH, 
are  not  in  the  least  afi'ected  by  these  reagents.  Isomeric  haloid  deri?ativee  of 
hydrocarbons  in  whii  h  the  carbon  atoms  may  be  re;:^arded  as  forminej  an  open 
chain  may  also  act  very  differently ;  thus  of  the  two  dibroraethanes  CHjIir.CHjHr 
and  CU^.CUBr,,  only  the  former  is  converted  into  the  oorresponding  sulphide 
by  the  action  of  potesue  cr  sodie  snlphide. 

2.  The  premoa  method  is  available  only  for  the  preparation  of  sim^  Alio* 
ethers,  but  by  the  action  of  the  haloid  derivatives  of  hydrocarbons  on  the 
pota.ssium  and  sodium  and  other  metallic  derivatives  of  the  thioaloohoLi  both 
mixed  and  simple  tbioethers  may  be  obtained ;  thus : 

CTf  .SNa  +  ciri  =  C  ir.S.CH    +  Nal. 

Sodlc  etb,Yiic  sulphide.  Methylic  ethjlic  sulphide. 

2aH..SNa    +    CH.I,    =    CHJS.C.HJ,    +  2NaI. 
godkethyUetalpUd*.  MetkjlaoIeSoada.XethTlAiiteetlvlknlphid^ 

3CH^.SNa    +    CHCl,    =    CH(S.C,H,),    +  jNaa 

Sodio  etbjlic  sulphide.      Chloroform.      Thioethylic  orthofunn>te. 

4C,H,.SNa    +    CCl^    «    C(S.CJI,)     +  4NaCL 
8odIe  ethjUc  BolpUd*.   Teindikio*     ThiosChjtM  ortBo* 

methaae.  carbonate. 

The  remarks  above  made  with  regard  to  the  kind  of  haloid  derivatives  available 
for  the  preparation  of  thioethors  are  equally  applicable  in  the  present  case.  The 
formation  of  tbioethers,  in  this  manner  is  far  more  easily  effected  than  that  of 
the  ethers  by  the  corresponding  reactions;  it  appears,  moreover,  that  in  the 
&nnation  4^  ^e  thioethylie  ethers  the  reaction  takca  place  the  less  readily 
between  the  sodk  thioethylate  and  the  habid  deri?ative  the  greater  the  nomber 
8  IS 
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of  carbon  atoms  in  the  latter:  much  more  heat  being  developed,  and  the  reaction 
taking  place  much  mure  readily,  when  methjlic  or  ethylic  iodide,  for  example, 
acts  upon  sodio  thioethylate,  than  when  amylic  cbloriUe  is  employed ;  similwlj, 
tetnudilOTOBietluuie  is  mon  mdily  eonverted  into  th«  thioether  than  hea* 
ehloratlMM,  iod  tetracUofethylene  is  £ur  Im  Mtive  tban  eitbar  of  the  fiinMr. 
(ClaeBSOD,  Jour.  pr.  Chem.  [2],  xv.  212  ) 

3.  A  third  method,  which  is  available  f<ir  the  preparation  of  thioetherj 
corresponding  to  the  thiophenoU,  as  well  as  of  thoi*e  corret»poudiug  to  the  thio* 
otrhiiurit,  oomiitt  in  submitting  the  pluoilMO  and  oUwr  meUUic  derivatiTW  «f 
the  thioaloohoU  to  dry  diatilktioD : 

(aH  .S)  Pb  =  PbS  +  (C.H.),S. 

Plambfo  uiopMMto.  Phenylic  ralpbidc. 

JPreperti^. — The  thioethers  are  mostly  oolourless  or  yellowr  liquid  bodies, 
insoluble  or  nearly  so  in  water,  but  soluble  in  alcohol,  ether.  Ac..  It  is  usuallv 
stated  that  they  possess  highly  ojQensive  odoors,  but  this,  in  most  cases,  is  probsbij 
true  only  of  the  impure  substances. 

On  oxidation  with  nitrio  aeid  they  aro  oonverted  into  otnapounda  ludi  11 
(C,TIJ,SO,  (C,H^SO,,  (C,H,),SOj.  the  thioethers  derived  from  the  thiocarbinoU 
yielding  both  monoxides  {sulph'nus)  and  dioxides  {sulpkoneg),  whilst  thooe  derined 
from  the  thiophenols  apparently  furnish  only  compounds  of  the  latter  class. 

The  thioethers  derived  from  the  thiocarbiuoU  are  also  characterized  by  tk 
property  of  uniting  directly  with  the  moniodoparafina  to  fimn  orystalliDe  toot 
pooiida  aneh  as  (C.,H,),SI  =  (C,H,),S  +  C^,I.  These  oomponnds  an  eo&Tertal 
into  corresponding  hydroxides  or  hydrates  by  the  action  of  argentic  hydroxide  or 
hydrate:  (C,H,),S.l  4- AgUH  -  A-:I  +  (C^H^l^S.OH  ;  the  bodies  so  produced 
boin<^  in  every  respect  analogous  to  the  metallic  hydroxides  8uoh  as  potasnif 
hydroxide.  They  are  very  soluble  in  water,  and  lurniah  caustic,  strongly  alkalioe 
aolvtiona,  whioli  abaorb  oarbonie  aabydrida  on  asposiive  to  the  air ;  they  neutiafiae 
aeids«  forming  oorreaponding  aalto:  (C,Hj;3.0H +  HNO,»(C^P,SjrO, 
+  ')TTj;  they  precipitate  metallic  hydroxides  from  aolntiona  of  BBetaUic  salts: 
2(aH^),S.0il  +  ZnSO,  ^  Zn(OH),  +  [(C„H.),S\SO^ ;  and  they  furnish oystaUioe 
chlo'roplatinates  :  H  J'tC"),    2(C,H  ,)  S OH  -  [(C,H,),S],PtCl,  +  2OH.. 

Several  compounds  of  the  thioethers  derived  lk>m  the  thiocui  biuols  wilii 
metallie  aaUa,  aoob  as  (C,H,),S.HgCl„  bavo  abo  been  obtained. 

(1608)  Ethtlic  Svlphxdb  or  Tkioeth^UoElkmr:  {Qfi^^-^Thm  oompovai 
is  most  conveniently  prepared  by  passing  ethylio  chloride  ])repared  1^  Qwm' 
method  (1176)  into  an  alcoholic  solution  of  potassic  sulphide,  whi«-h  is  gently 
lieatiMi  in  a  flask  or  n-tort  attached  to  a  reversed  condenser;  after  a  time  the 
product  is  dit^tilled  oli',  well  washed  with  water,  dried  over  calcic  chloride  and 
reetified.   The  eolaUon  of  adphide  is  prepared  by  satoratfaig  ono-half  of  a  con- 


•  Thomson  (Jbur.  pr.  Chem.  [2],  xiii.  241)  has  shown  that  on  neutralizing 
aqueous  solutions  of  the  hydroxides  by  hydrochloric  and  sulphuric  acids  almost  as 
much  heat  is  developed  by  tlu>  hydroixide  (C^J^.OH  ss  by  those  of  the  alkali 
and  alkaline-earthy  metals ;  thus : 

•HO.  %B0«. 

aLi.OH  27,700  heat  unite  3 1,290  heat  miiti. 

2Na.0H  27.490      H  31.380 

2K.OH  27'5oo       m  31,290  *t 

2T1.0H  27.520     „  31.130 

Ba(<)II),  27. -So  „   

Sr(OH),  27.630  „  30.710  „ 

Ca(OH),  27.900  „  SUt40  „ 

a(CsHJ,^.OH  17,440  u  30,700  n 
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oentrated  alcoholic  solution  of  ix>tassic  hydrate  with  sulpharetted  l^drogen,  and 
then  mixing  it  with  the  other  half.  Ethylic  sulphide  may  also  be  prepared  by 
the  aid  of  ethylic  bromide  or  iodide,  or  of  potassic  or  aodic  ethylic  sulphate;  it 
is  lormod  on  adding  sodic  Uiioethylate  to  a  solution  of  potassic  ethylic  aulphate, 
wanuDg  gently  for  »  short  time,  and  then  distilling ;  and  when  a  solution  of 
poteMO  hjdnto  and  potMsie  ethjHe  tdphaie  k  nizdl  wHh  thioethylio  aloohol 
and  the  nuztam  iGitilled :  this  latter  method  can  bo  employed  with  advantage 
for  the  preparatioii  of  efcbylio  sulphido  perfectly  free  from  tiuoethylio  akohol 
(Claeeaon).* 

The  crude  thioethylic  alcohol  prepared  by  distilling  a  solution  of  potenio 
tiuohydiito  with  potenio  or  aodio  atiiylio  Milphato  mvuriably  contains  sthylio 
mlphido;  wbsB  tlui  polasuc  salt  is  employed,  tho  rsastion  takes  place  mote 
n^iidfy  and  at  a  lower  temperature,  and  relatively  much  less  sulphide  (about 
lO  per  cent.)  is  produced,  than  when  the  sodic  salt  is  used,  the  latter  furnishing 
abont  20  per  cent  of  sulphide.  If  during  the  distillation,  however,  the  solution 
be  kept  t>aturated  with  sulphuretted  hydrogen,  the  oil  which  parses  over  contains 
only  about  4  per  ceot  of  su^de.  The  tzplaaatioa  of  this  appssn  to  be  that 
when  a  solution  of  potassio  thiohydrate  is  heated,  solphnntted  hydrageB  is  givea 
off,  potassic  hydrate  being  produced,  and  thua  the  OMiditions  necessary  to  the 
formation  of  the  sulphide  are  realized  ;  but  by  passing  in  sulphuretted  hydrogen, 
the  formation  of  potassic  hydrate  is  in  great  measure  prevented,  and  hence  very 
little  sulphide  is  formed  (€lae»8on). 

Bthjlio  sdphide  is  a  mlooiless,  mobile,  inllammaUe  liquid^ 
alliaoeons  odour  (?),  insoluble  in  water,  bat  readily  soluble  in  akohol  uid  ether ;  it 
boils  at  91*  (I95***8  F.),  and  at  20''  (68°  F.)  has  the  «p.  gr.  825.  It  com- 
bines with  mercuric  chloride,  forming  the  compound  (CjHj),S.IIgClj,  which 
crystallizes  in  nionoclinic  prisms  :  platinic  chloride  also  unites  with  it,  forming 
the  compound  2(C,li,),S.PtCl4.  It  is  violently  acted  upon  by  chlorine,  yielding 
a  series  <^  substitution  derivatiTes  which  have  not  yet  been  sufficiently  esamined, 
however.  When  acted  upon  by  nitric  acid  of  sp.  gr.  I*a,  it  is  converted  into  tiie 
monoxide  (CjHj)^SO,  whereas  the  fuming  acid  converts  it  into  the  dioxide  or 
diethylsulphone,  (C,H  )  SO,.  According  to  It.  Ji.  Smith  {Jour.  Chem.  Soc, 
xiii.  302),  it  is  converted,  on  treatment  with  concentrated  sulphuric  acid,  into  an 
aoid  of  the  composition  C,li,S,0,,  which  yields  crystalline  salts,  such  as  the 
bario  salt  (C,lI,),S/),Ua;  the  nature  of  this  aoid  has  not  been  asoertained. 
but  it  appeaa  probable  that  it  is  the  analogue  of  hydiio  elhylie  sulphate 


*  From  the  mamur  in  whioh  the  heat  is  derdoped  on  mixing  dilute  aqueous 
soluiaons  of  potassio  hydrate  and  of  sulphuretted  hydrogen,  it  appears  that  only 

the  reaction  represented  by  the  equation  KOII  +  H,S»KSH+  OH^  takes  place, 
and  that  the  sulphide  K^S  is  not  produced  even  when  a  considerable  excess  of 
potassic  hydrate  is  employed  (Thomsen);  from  this  there  can  be  little  doubt 
that  the  sulphides  K^S  and  iS a  8  are  dccompoiied  when  dissolved  in  water  with 
formatioDof  sulphydrate  and  hyarate,the  deoompositi<m  bdng  more  or  less  ooroplete 
according  to  the  amount  ci  water  present.  But  if  this  be  the  eas^  the  formation 
of  ethylic  sulphide  is  at  most  only  partially  due  to  the  reaction  2C,HjCla* 
2KCI  4- (CjII,),S  ;  probably  the  greater  part  of  the  sulphide  is  produced,  as 
Claesson  has  suggested  (Jour.  pr.  Chem-  [a J,  XV.  2 1 8),  by  the  successive 
occurrence  ol  the  following  reactions : 

KSH  +  C,H,Cl  =  CJl^.SH  +  KCl. 

C,H^SH  +     KOH  =  C.Il.SK  +  OH^ 

C,H,.SK  +  C^,a       (C,H,),8  +  KCL 

E  z  2 
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pioduoed  bv  the  action  of  the  acid  on  the  thioethjlic  alcohol  pret^ont  as  imparity 
in  the  sulphide  employed:  C\H^.SH  +  H.SO^  -  C,H,S.SO,.OH  +  OH,.  An 
aqueous  i^ohition  of  potaflsic  hydrate  is  without  uction  on  ethylic  sulphide,  but 
when  it  it)  dititilled  over  the  solid  hydrate,  it  is  partially  decomposed  with 
Ibnnatioo  of  akohol  and  potaaaie  sulphide.  On  gently  warming  a  mixtnn  of 
ctbjlio  salpHide  and  ethylio  iodide,  the  two  sabetaaoea  unite  to  form  a  erystalUna 
compound  of  the  formula  {Cfl^fili  thia  compoond  and  ita  homologiiea  are 
described  in  section  i6l2. 

(1^)09)  Jfiifher  Sulphides  of  FAhyl— Ethylic  Dimlphide:  (C,H,)„S..— 
Thifl  cuiiipuuud  16  moet  readily  obtained  in  the  pure  ntate  by  the  action  ol  ludine 
on  the  thioethyhtea :  2C,H,.SNa  -i-  L  »  2NaI  -I-  (C,H,),S,.  It  ia  aho  fimnad 
on  heating  thioetiiylio  alcohol  with  anl]maT  for  about  six  honia  at  150^  (30a"  P.) : 
aCjHj.SH  +  S  =  (C,HJ,S^  +  SH^;  and  togetherwith  higher  sulphides  by  distilling 
*  liver  of  sulphur'  with  a  solution  of  potas«ic  or  sodic  ethylic  sulphate.  It  is  a 
colourless  oil,  of  about  the  «p.  gr.  of  water,  possessing  a  most  unpleasant  odour; 
it  boik  at  151''  (303^  8  ¥.).  Like  the  mono«alphide,  it  producer  a  precipitate 
in  an  aleoholie  aolntaoa  of  merouno  ehloride,  and  in  aolotiona  of  aeferal  other 
metallic  salts.  When  oxidized  by  nitric  add,  it  is  converted  into  the  oxide 
fCjHJjSjO,,  which  on  further  oxidation  yields  ethylsulphonic  acid,  CJI..SO,H. 
IWies  which  apparently  are  chlorinated  derivatives  of  etliylie  bisulphide  have 
been  obtained  by  Guthrie  by  the  action  of  the  chlorides  of  sulphur  on  ethylene. 

Ethylic  sulphide  is  not  in  the  least  affected  by  heating  with  sulphur,  and  it 
nay  therefore  he  fined  firom  thioethylie  aleohol  hy  thia  meana,  bnt  when  the 
disulphide  is  heated  with  aolphur  at  150°  (302°  F.),  it  is  eonverted  inio  tiia 
triaulphide  (Miiller,  Jour.  pr.  Chem.  [2],  iv.  34),  (CJIJ^S,.  This  compound 
cannot  be  distilled  except  in  a  current  of  steam  :  it  if  a  heavy  yellow  oil,  which 
may  be  deprived  of  the  third  atom  of  sulphur  without  difficulty,  being  slowlj 
converted  ioto  the  disulphide  by  shaking  with  metallic  mercury  or  with  potasKic 
hydrate  solution ;  it  ia  not  altered,  howerer,  by  heating  with  tiiioethyUc  akoliol 
at  r  50^^  (302''  F.).    On  oxidation  with  nifrio  acid,  it  yielda  ethylsnlplionic  and 

aulphuric  acids. 

Ethylic  Tctrasul phide :  (C^HJ^S^,  is  obtained  when  a  solution  of  sulphur 
chloride,  8,Cl,,  in  carbonic  bisulphide  is  added  to  a  similar  solution  of  sodic 
thioetbylate  (Claesson,  ihid.  [2],  xy.  914).  It  ia  a  heavy  yellow  oil,  posaeesiog 
an  extremely  nnpleaaant,  peraiatent  odonr,  easily  aolnble  in  ether,  hnl  with 

diffiealty  in  alcohol.  It  is  .decomposed  into  the  bisulphide  and  sulphur  on  distilln* 

tion  alone,  but  when  distilled  with  vapour  of  water,  it  is  in  great  part  split  up 
into  sulphur  and  ethylic  trisulphide.  On  oxidation  with  nitric  acid,  it  yields 
sulphur  and  ethylsulphonio  acid.  It  dissolves  a  considerable  quantity  of  sulphur 
at  150^  (302**  F.),  and  perhaps  combines  with  it  to  forai  a  pentaanlpbide. 

(1 6 10)  .fibaiolo^iMs  qfEtkylie  SiUpkide. — These  compounds  are  obtained 
by  methods  preoisely  similar  to  those  employed  in  the  prepHration  of  ethyiic 
sulphide,  and  they  exhibit  the  closest  resemblance  to  this  latter  wmpound  in 
their  proj)ertics  generally.  The  first  term  of  the  series,  uiethylic  sulphide, 
(CH^,S,  enters  into  reaction  with  other  substances  far  more  readily  tlian 
the  homologous  compounds.  It  oombines  direotly  with  bromine  to  form  n 
ciystalline  bromide,  (CH,),SBr^,  the  readion  \uiing  attended  with  the  devekp- 
inent  of  much  heat;  this  bromide  is  converted  into  the  corresponding  oxi^ 
(Cn„).SO,  on  treatment  with  moist  argentic  oxide.  It  also  forms  a  crj^staliine 
compound  with  hydriodic  acid  when  it  is  saturated  with  the  gas  at  a  lew  tem- 
perature ;  the  product  is  decomposed,  however,  into  its  generaton  when  mixed 
with  water,  and  when  heated  in  closed  tubca,  it  yieUs  thiomethylic  slcohol  and 
the  compound  (CHJ,SI.  Comparatively  little  is  known  of  the  remaining 
thioethera  of  the  (QaHiB   ^fi  series,  their  behaviour  on  oxidation  having  been 
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chiefly  studMd(winp.  Sajrtzeff,  Jam,  Ckem.  Pilam.,  czxm.  354 ;  ezliv.  148; 

CSaesson,  Jour.  pr.  Chem.  [2],  xv.  174). 

(161 1)  Compuund.s  formed  h\j  the  Union  of  the  Thioethers  of  the  {C„H2„  +  ,)jS 
Serie*  with  the  MoniodoparaJJirus. — The  lormatioa  of  these  compounds  is 
caqpsMwd  bj  the  general  eqnatum 

Apparently,  this  reaction  takes  place  the  moro  readily  the  fewer  the  nuniWr  of 
carbon  atoms  oonuiued  both  in  the  thioether  and  in  the  iodide;  thus  iiathylic 
ralphide  and  methylie  iodide  at  mice  oater  into  iwotioa  «t  the  ordinary  tem- 
perature and  a  coniiidenble  amount  of  heat  ia  developed  bj  their  onion,  but 

ethylic  sulphide  and  ethylic  iodide  only  slowly  combine,  so  that  In  preparing 
the  triethiodide,  S(CJI,).,I.  it  is  desirable  to  heat  the  mixture  to  about  lOO" 
(212  F.).  It  is  not  reijuisite  that  both  the  thioether  and  iodide  should  contain 
the  same  radicle,  although  there  is  apparently  a  ^ater  tendency  to  form 
the  oompoonda  oontainini^  only  atmilar  tadielea,  a  mixtora  of  methjlic  salphide 
and  ethylic  iodide  yielding,  for  example,  a  mixture  of  the  trimethiodide, 
S(CH,),I,  and  triethiodide,  S(C,H^),I  (Dehn).  Similarlj,  when  benzylic  sulphide 
is  submitted  to  the  action  of  methylic  iodide,  a  mixture  of  the  trimethiodide 
S(CHJ,I  and  of  the  benzyldimethiodide  S(C\H,)(CHj)J  is  produced,  the  forma- 
tion of  which  may  be  accounted  for  in  the  foUowinij  maimer :— 

2CII,I  +  (C,H,).S  -  (CH,),S  +  2aHJ. 

(CH,),S  4-  S(aH^)(CH,),I.    (Cig,S  +  C1I,I  =  S(CH,),I. 

Probably,  however,  in  all  these  cases  the  iodide  and  sulphide  unite  directly 
in  the  hrst  iuslauce,  and  the  compounds  with  similar  radicles  are  formed  by  the 
aaWaqocnt  deoompoaition  of  tho  reaolting  '  mixed'  derivative. 

The  thioethen  a)ao  vnite  with  the  mooobronioparaflina,  hat  ftr  leaa  raadil j 
than  with  the  moniodoparaffins,  and  as  only  traces  of  the  triethylchloride 
S(CjHj)^Cl  are  formed  by  prolonged  heating  of  a  mixture  of  ethylic  sulphide  and 
chloride  at  100"  (212°  F.),  there  can  be  little  doubt  that  the  chloroparalfins  will 
be  found  to  exhibit  still  less  tendency  to  combine  with  tlie  thioethers. 

BBtherto  no  attempt  haa  bean  niado  to  prepare  oomponnda  oontainiog  time 
diaaimilar  hydrocarbon  radifliaa,  and  onij  tho  nolhyl  and  atbjl  oompouida 
have  been  investigated :  they  have  been  studied  by  Oefele,  to  whom  we  owe  the 
discovery  of  this  property  of  the  thioethers,  Ann.  Chem.  Fharm.,  cxxxii.  82  ; 
Jki^n^  ibid.,  Sup.  \v.  83;  Cahours,  ihid.,  cixiv.  352;  cxxxvi.  151  ;  Compt. 
Bend,,  Ixxx.  131 7;  Scholler,  Deut.  chem.  Oes.  Ber,,  vii.  1274;  and  Kriiger, 
Jomm.  pr.  Okem.  [2],  m  193. 

Sulphur  Triethiodide :  •S(OtH.)^  ia  bert pNpaved  bj  baatiDg  a  miztuoof 
ethylic  iodide  and  sulphide  in  molecular  pcopottiflat  ftwr  about  an  hour  at 
105  — no**  (221° — 230°  F.) ;  the  mixture  remains  perfectly  colourless,  and 
after  about  fourteen  days  at  least  half  is  deposited  in  the  form  of  brilliant  white 
oyatala  of  the  iodide  (Dehn).  It  is  also  lonued  ou  heating  thioethylic  alcohol 
with  ethylie  iodide  at  140**  (284*'  F.)  for  6—7  houia  (Dehn),  or  with  hydriodic 
aoid  (Gahoora) ;  tiiioathylio  aloohol  eoolcd  in  a  reftigwatbg  miztota  of  ice  and 


*  Oefele  regarded  the  group  S(C]HJ,  as  analc^ooa  in  composition  with 
triethylamiue,  N(C,UJ,,  and  therefore  named  this  compound  triethytulphine 
iodide,  and  the  term  sulphine  has  since  been  applied  to  all  the  compounds  of 
similar  constitution.  But  the  analogy  is  obviously  incomplete  as  triethylamine 
eombinea  directly  with  acids,  which  is  not  the  case  with  *  trUthylsulphine/  which 
■HBeoter  eanaot  be  iaohitad.  It  appeara  daaifable^  therefore,  to  i^y  nanaa  to 
tfaaae  oomponnda  aimilar  to  tboae  emptoyed  for  the  Ofgaoo-nataUio  oompaimdi. 
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salt  readily  absorbH  dry  hydriodic  acid  gaa,  but  without  forming  a  crystalline 
compound  :  on  heating  the  saturated  solution  for  twenty-four  houm  at  lOO" 
(212**  F.)i  Hulpburetted  hydrogen  and  sulphur  triethiodide  are  produced. 

It  orystallizm  in  rhombic  prisms,  and  ia  rarj  lolaUe  in  wat«r  end  in  inaii> 
itnmg  alcohol,  hot  only  with  difBenltj  tolQUo  in  «ther;  it  bmUo  •  litUe  Am 
ioo'*(2i2°  F.),  being  entirely  decomposed  into  its  generators.  The  ddoriis 
S{CJI^)jCI,  which  may  hv  obtained  by  agitating  a  solution  of  the  iodide  with  frwhly 
precipitated  argentic  chloride,  crystallizes  in  long  white  glistening  needle*.  It 
forms  with  mercuric  chloride  a  double  chloride,  S(C,HJ^C1,  4UgCl,,  which  crji- 
tidlties  IB  gliilMiing  neodlMorplatM.  fhe  pUtiaoohkuide,  Pt[S(C,HJ^CI,. 
eirTaftalliiM  om  slow  tmfoniaoa  «l  a  noderalol j  eonooBtntod  oolution  wk  magni- 
fioent  garnet-red  monodinic  prisms.  The  hydroxide,  S(CjH,),.OH,  which  is 
obtained  by  treating  a  solution  of  the  chloride,  bromide,  or  iodide  with  a  slight 
excean  of  argentic  hydroxide  and  evaporating  in  vacuo,  forms  deliquescent  CT)st*l» 
which  attack  the  skin  like  potassic  hydrate;  it  expels  ammonia  from  its  salts 00 
wanning,  and  pr«cipitaiea  tiia  aolnlions  of  variooo  BMlaHie  tattB ;  by  neatnlin| 
it  with  wnkm  addup  aaUa  ioeh  aa  tiie  nitnte,  8(C,H  J,.NO,,  and 
[S(C,H,)J,SO^,  are  prodnoid,  and  maj  he  ohtaiaed  in  eijitiJa  hf  eaveflally  m- 
oentrating  tlie  solutions. 

Sufphur  Trimeihiodide :  ^{C^l^^^  and  the  various  compounds  formed  from 
it  by  diriplacing  the  iodine  by  other  negative  radicles,  exhibit  the  closest  resell- 
hianee  to  the  oocnapooding  triathjl  oompoanda. 

Sulphur  DietkmetAiodide!  8(G,H^(CH^L— This  eompound  may  be 
obtained  by  combining  ethylic  sulphide  with  methylic  iodide,  or  methylic  ethjlic 
sulphide  with  ethylic  iodide,  the  combination  beiiifj  effect<»d  by  heating  the 
mixture  of  thioether  and  iodide  to  which  a  little  water  has  been  added  on  the 
water  bath  in  a  flask  attached  to  a  reversed  condemwr  until  the  whole  fonnt  • 
homogeneooa  reddidh-hrown  liquid.  Unleaa  water  ie  added,  tlie  oomhinatioadiNi 
not  appear  to  take  place  under  the  Ofdinary  pteeene ;  and  if  a  mixture  of  ethylie 
sulphide  and  iodide  in  molecular  proportions  is  heated  in  a  sealed  tube  at  1 20" 
(248°  P.)  for  several  days,  a  mixture  of  sulphur  trimethiodide  and  triethiodide 
is  obtained.  Aooording  to  Kriit^er,  however,  the  two  products  obtained  from 
eth^ie  and  methylic  ethylic  sulphide  reepeotively  are  not  identical,  bat  isoocMs 
Bu^kur  dieikmeHiMUd^,  at  the  eomponnd  ftnned  ftwn  ethylie  eidphide  ad 
methylic  iodide  may  be  termed,  and  all  the  aioii^  aaHe  fintned  from  it  by  dis- 
placing the  iodine  by  negative  radicles,  being  so  extremely  soluble  and  deliqnesoent 
as  to  be  uncrywtallizable,  whereas  the  ethmpthefh iodide  ervstallizes  in  ion? 
extremely  deliquesioent  needles,  and  furnishes  a  series  of  double  salts  which  are 
throngbotit  deeper  in  colour  than  thoee  of  the  same  composition  dented  fteoi 
the  diethmethlodide  and  aleo  ef7«fealHae  diiftnotif  and  eshihit  lower  netting  pobti, 
as  will  be  evident  from  the  following  descriptions ;  moreover,  the  diethmethylchlo* 
ride* combines  with  »ix  molecules  of  mercuric  chloride,  whareee  the  eUunrthethyl- 
<^l(Nnde  oombinee  with  only  two  moleculee  of  this  lalt:* 

DiethylmeUjfl  Cowtpaumdi, 

FlaUmMiride:  [S(C,H,),(CH,)],PtCl,.  crysttlliMe  in  forms  of  the 
regular  system,  and  meltR  at  214°  (4 17°* 2  F.)  ;  the  crystals,  which  are  of  s 
light-red  colour,  are  reduced  to  a  yellow  powder  when  dried  over  calcic  chloride. 

Aurichlorid^:  [S(C,Hj,(CHJJAuCl^.— Long  pale-yellow  needles,  meltios 
at  192*'  (377''-6  P.). 


•  From  thia  it  would  appear  that  the  aetanl '  unita  of  afinitgr'  of  nilphv 
are  not  of  the  aane  value.  The  diaeuaaion  of  thia  ^uaalioii  may,  howew,  ooa* 
nniantfy  he  poatymad  &r  aoiiaidaiatiim  latar  on  (aae  hjdmaniiaas). 
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Sydrargyrochloride :  8(C«HJ,(CHjCL6Hg€V— H«iigoiial  fktet,  which 

Bolt  at  i9o^(388"-4  F.). 

Hydraniifroci/aniodide:  S(C,H,)j(CHjHgCNI,. — Pale-jreUow  tetragonal 
oyatalB,  which  melt  at  iis""  (239"  F.). 

Ethylmetkifleth^l  Compound*. 

Platinoekloride :  [S(C\HJ^(CH,)].PtCl,.  — Dark-red  monoclinic  prisms, 
which  become  rose-red  on  drying,  and  then  melt  at  186°  (366°'8  F.);  by  long 
continued  digestion  of  its  aqueous  solution  it  may  be  converted  into  the  isomer ide 
of  hightr  melting  point,  but  the  reverse  change  has  not  been  efeatad. 

Awriekhride:  [S(L\1I j,(Cl{J]^aCl,.--Alfrft7«  sepantes  li^ 
iolj^ur-yellow  microcrystalline  powder,  and  melt«  at  178"  (25 2^.4  F.). 

Hydrargyrochlorid§:  8(C^^^CUJ0LaHg€V--JEUK«^  meltuig 
at  112°  (233'-6  F.). 

Sj/draryj/rocyaniodide :  S(C,H J,(CHJHgCJNIg. — Amber-yellow  monoclinic 
ftmu,  vhioh  »elt  at  98*'  (ao8'-4  F.). 

It  it »  M  that  nienarie  idphiUb  ahrsyi  sepvate 

fioatSoa  on  decomposing  the  hydrargyrochlorides  by  sulphuretted  hydrogen, 
whereas  thadoabla  aalti  fioaMd  with  the  aid  of  BMcearie  ejaaida  foniah  the  red 
sulphide. 

(x6ia}  Cow^^mmd*  fortned  by  the  Union  <iftke  Tkioethert  witk  Dikaloid 
Fmn^n  JiTiiAiiai^Aeaordipg  to  Dehn,  whan  %  miitin#iif  athylie  aolphida 
and  athylaaio  bninuda  in  m^fffiiitr  piopditioiM  witii  ona-half  to  its  own  volume 
of  water  in  heated  in  sealed  tubes  at  125°— 130°  (257°— 266**  F.),  ethylic 
bromide  and  diethylenic  disulphide  are  produced,  together  with  sulphur  triethyl- 
bromide,  and  a  compound  which  he  representH  by  the  formula  S(C,HJ(C\Hj),Brj, 
but  which  is  more  probably  a  compound  of  the  formula  S(C,H.^Br)  (C,li J,Br ;  a 
ndnons  product  it  also  fixmcd,  and  the  aqoeoos  solatioQ  appears  to  eontain  other 
aobetanoes  beaidas  thoaa  mantSiwud.  Gahoua  atatea  that  by  heating  a  mixture 
of  I  vol.  ethylenie  bromida  and  2  vols.  methyUe  aulphide  at  100°  (212**  F.),  a 
crystalline  compound  '\*  gradually  formed,  having  the  fonnula  CgH|jBrjSj  = 
(?)  C,H^[S(CH,)jBr]^ ;  and  that  monobromethyleaio  bromide  yields  the  com- 
pound C.H,,Br,ti,  =  (I*)  C,Hj:S(CH,),Br],. 

(1613)  AuTuc  ^vmaxmi  (C,U,),8.— Thiaeompoasdiithaduaf  oonatitmiit 
of  tha  oils  of  garlic  and  onion,  although  apparently  it  is  not  vanaUy  pgaaant  aa 
audi  in  the  plants,  but  is  formed  during  the  distillation  from  some  more  complex 
substance;  it  is  also  obtained  mixed  with  the  thiocyanate  from  a  number  of 
plants  which  yield  sulphur-containing  oils,  such  as  TlUaapi  arvensct  Erysimunh 
aUaria,  «&c.  It  may  be  prepared  arlihcially  by  tha  actk>u  of  allylic  bromide  or 
iodida  on  a  aalwiiatt  of  potaaiia  aalpUda.- 

Allylic  sulphide  ia  a  colourless  oil,  of  sharp,  unpleasant  odour,  lighter  than 
water,  in  which  it  is  only  slightly  soluble;  it  boils  at  140°  (284°  F.).  It 
oombines  with  ar<,'entic  nitarate  when  mixed  with  an  alcoholic  solution  of  this 
salt ;  a  precipitate  being  obtained  which  when  re-crystallixed  from  hot  water  forms 
white  needles  of  the  composition  (C^U^,S.2AgN0,.  It  alao  yields  precipitatea  with 
othar  matanio  aaltap  but  tha  «ooiif0«iid8  pradaoed  hate  baas  veay  hiealBeiait^ 
examined.  It  appeaia  ta  oonbiae  with  the  iodoparaflins,  and  on  careful^  midng 
it  with  bromine  in  presence  of  ethar,  aobttrkaa  aaadiaa,  prabaUy  of  tha  oompo* 
aition  (C3H^Br,),S,  are  obtained. 

(16 1 4)  Phsutlic  Sulphides. — Phenylio  sulphid^  (C^)^,  may  be 
obtainad  by  tha  daatniatlva  distUlation  of  tha  netallS  Mratbaa  of  tliio- 
phanol,  or  of  aodia  baoaanaaiilphoBata,  C,H,.SO,Na  (BtenhonM,  M.  See.  Pm 

353  ;  xvii.  62),  and  by  the  decomposition  by  Iraat  of  the  thiophoephalfla 
ftviMd  by  tha  action  of  tha  aolphidaa  oi  phoaphocaa  on  phenol  (Kahol^). 
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It  ia  a  nearly  colourless  oil  of  aromatic,  slightly  alliaceoos  odour,  iDiM>lu 
water,  but  very  soluble  in  hot  alcohol,  ether,  benzene,  and  carbonic  bisulp 
it  boils  at  292°  (557*'*6  F.).  Its  alcoholic  solution  is  not  precipitated  by  arg 
nitrate  or  mercuric  chloride ;  it  is  also  incapable  of  combining  with  the 
paraffins.  When  oxidized  by  concentrated  nitric  acid  or  chromic  acid  mixti 
is  converted  into  diphenylsulphone  or  sulphobenzid,  (C,Hj)jSOj.  It  is  dissolr 
warm  concentrated  sulphuric  acid,  being  apparently  converted  into  an  acid  < 
formula  C^H,S^O,  (Stenboose). 

Phenylic  Dusulphide :  (C^Hj),S,,  which  may  be  prepared  from  thiopher 
a  variety  of  ways  (1580),  crystallizes  in  long  white  shining  needles  or 
developed  prisms,  which  melt  at  60°  (140''  F.)  ;  by  the  action  of  ni 
hydrogen  it  is  converted  into  thiophenol,  and  on  oxidation  yields  benzenesolp 
acid.  It  combines  with  bromine  forming  the  compound  (C^HjjSjBrj,  ^ 
crystallizes  in  nacreous  laminee.    No  higher* sulphides  of  phenyl  are  known 

(1615)  Phknylenic  Sulphides. — On  passing  phenylic  sulphide  thi 
a  red-hot  tube,  it  is  converted  by  the  withdrawal  of  two  atoms  of  hydroget 
(iiphenyUnic  sulphide,  C,jH,S  (Stenhouse,  op.  cit.,  xviii.  542 ;  Grsebe,  . 
c/iem.  Ges.  Ber.,  vii.  50).  This  compound  crystallizes  from  alcohol  in 
needles,  which  melt  at  94°  (201*2  F. ;  Stenhouse)  (97°  or  2o6°'6  F. ;  Gn 
on  oxidation,  it  is  converted  into  dipheniflenesulphonef  C^jH^SO,. 

Dipheniflenic  Di»ulphide  :  Cj,HjS,,  which  is  also  a  product  of  the  d< 
position  by  heat  of  sodic  benzeuesulphonate  and  of  the  thiophospbates  formi 
treating  phenol  with  phosphoric  pentasulphide  (Stenhouse,  Grsbe),  crysta 
in  long  lustrous  prisms,  which  melt  at  159°  (3i8*''2  F. ;  S.)  (153"  or  3c 
V.  ;  G.) ;  it  dissolves  in  warm  concentrated  sulphuric  acid,  forming  a  soluti 
a  magnificent  purple  colour,  from  which  water  precipitates  the  appareutij 
altered  hulphide.  The  relation  of  the  two  phenylene  sulphides  to  phenylic  sul] 
is  probably  indicated  by  the  following  formulae  : 


C.H. 

CH. 


CM 


C.HJ 
S  I 


as'  «    4'  14' 

Diphenjtic  sulphide.    Diphcajlouic  •alphid«.    Dipheujleoic  disolphide. 

(1616)  Benzylic  Sulphide  :  (CjHj.CH,),S.  This  compound  is  prep 
by  the  action  of  benzylic  chloride  on  an  alcoholic  solution  of  potasaic  sulpl 

.  It  crystallizes  in  white  needles,  which  melt  at  49°  (i20°*2  F.) ;  on  distilk 
it  is  decomposed  with  formation  of  sulphuretted  hydrogen,  toluene,  stilbenc, 
other  products.  Nitric  acid  of  sp.  gr.  i  "3  converts  it  into  the  oxide  (C,H,) 
which  on  further  oxidation  yields  benzoic  acid.  Its  behaviour  on  heating  < 
methylic  iodide  has  already  been  described. 

(1617)  Ethylenic  Sulphide:  C,H^S. — By  the  action  of  a-dibromethu 
ethylenic  bromide  on  an  alcoholic  solution  of  potassic  sulphide,  a  white  amorpl 
substance  of  the  composition  C,H^S  is  produced;  on  heating  this  subst 
either  alone  or  with  carbonic  bisulphide  in  sealed  tubes  at  160° — 170°  (32c 
338*^  F.)  for  several  days,  it  is  converted  into  a  crystalline  body  of  the  s 
empirical  composition  but  having  a  vapour  density  corresponding  to  the  fon 
(CjHJjSj  (ilusemann,  Ann.  Chem,  Pharm.,  cxxvL  280).  The  1 
subtitance  is  produced  on  heating  ethylenic  thiocarbonate,  or  the  mer 
derivative  of  thioglycol,  with  ethylenic  bromide  at  150*^  (302°  F.).  Diethy 
disulphide  readily  dissolves  in  hot  alcohol,  ether,  and  carbonic  bisulpl 
crystallizing  from  alcohol  in  needles  and  laminae,  and  from  ether  in  t 
nionoclinic  prisms ;  it  melts  at  1 1 2°  (233*  6  F.),  and  boils  at  about  200°  (392'^ 
Its  alcoholic  solution  yields  crystalline  precipitates  with  auric,  mercuric, 
platinic  chlorides,  and  with  argentic  nitrate;  and  by  adding  bromine  U 
solution  in  carbonic  bisulphide,  the  compound  (C,HJ,S,Br^  is  obtained 
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lemon-yellow  amorphous  precipitate  which  is  decomposed  by  water  into  hydro- 
bromic  acid  and  the  oxysulphide  (♦'.,H  J  Corresponding  compounds  may 

be  Ibrmed  oontainin^  chlorine  or  iodine.  The  same  oxjtulphide  ia  produced  on 
oiidiring  the  sulphide  with  nitrie  Mid. 

•  On  trMtment  with  potMsie  tnlphide  meihjleiiie  iodide  and  propjlenie  bramide 
are  aluo  converted  into  amorphous  sulphides,  which  like  tiie  ethylMiio  oompound 
is  nearly  insoluble  in  all  neutral  solvents  ;  the  methylenic  compound  is  converted 
into  a  crystalline  modlBcatiou  at  about  150°  (302°  F,),  but  the  propylenio 
sulphide  is  decomposed  when  heated  (Uuseniann). 

(1618)  BMuanvu^mMaB^lM^lhSamude:  (CH^^.— To  prepanilik 
flompomid,  photphorie  pentMelenide  it  added  to  a  oomeentrated  aolotion  of 
wdio  hydrate  and  pohissic  methylic  sulphate,  and  the  mixture  dbtiUed;  by  the 
action  of  the  sodiu  hydrate  on  the  pentaselenide,  sodic  selenide  is  produced, 
which  then  acts  upon  the  potassic  raethylic  sulphate.  The  product  is  purified 
by  fractional  distillation,  it  is  a  colourless,  hij^hly  refractive,  inflammable 
Uqoid,  of  eKtranely  unpleaniit  odour  (due  probably  to  tha  diaelenide),  iNnling 
at  58*"  (i3<r-4  F.)}  it  i«  not  miaeihle  with  water,  but  diasolTea  taadUy  in 
alcohol  and  eUier.  If  it  be  dissolved  in  nitrie  add,  and  the  solution  be 
then  evaporated  on  the  water-bath,  a  crystalline  rerfidue  of  the  nitrate 
(?)  (ClI,),,Se(OH  ).N(  ib  obtained  ;  on  adding  the  haloid  acids  to  solutions  of  the 
nitrate,  crystalline  precipitates  of  the  chloride,  (CHJ,SeCl,, and  of  the  corresponding 
bromide  imd  iodide  are  prodnoed  (Jaelteon,  Ann,  Ckmii,  PAarm.,  dzziz.  i). 

Eihylic  Selmiide:  (C,U — ^Thie  oomponnd  is  produced  together  wifJi  the 
diselenide  by  the  method  above  described,  substituting  potaasio  ethylio  tulphate 
iu  place  of  potassic  methylic  sulphate;  the  two  substances  are  separated  by 
fractional  distillation  (Rathke,  ihtd.,  clii.  210).  It  is  a  colourlesn  liquid, 
resembling  ethylic  sulphide  in  odour,  the  intensely  unpleasant  smell  usually 
aeeribed  to  H  being  doe  to  tha  disalenido ;  it  boila  at  108"  (a26*'*4  F.).  The 
diselenide,  (C,H^^,,  is  a  yellow  liquid,  and  boils  at  186"*  (366*'-8  F.). 
£thylic  selenide  diaaolTee  in  nitric  acid,  forming  the  nitrate  (CJI^).^o(NO,),, 
from  which  the  corresponding  chloride,  bromide,  and  iodide  may  bo  obtained 
by  the  addition  of  the  haloid  acids  to  the  solution.  According  to  iiathke,  it  is 
not  poasible  to  prepare  a  selenium  tetrethide  from  the  dichloride  by  the  action 
<tf  sineio  ethide,  the  reaetion  taking  place  in  aeeordanoa  with  the  equation: 

2(C,H,),SeCl,  +  Zn(C,HJ,  =   2Se(Cyi  J.CLZnCl,. 

According  to  Cahours,  methylic  and  ethylic  selenidt's  combine  directly  with 
the  iodoparathns,  forming  compounds  analogous  to  those  obtained  in  a  similar 
manner  Irom  the  thioethers. 

Wbwuaa  solpbiir  la  finally  oxidiaad  to  sulphorie  aeid  by  the  action  of  nitrie 
acid,  eaVminm  imder  umilar  oonditions  is  oonverted  only  into  selenious  arid ;  in 
like  manner,  methylic  and  ethylic  diselenides  furnish  the  selenious  compounds 
CH,.SeO,H  and  C.H..SeO.H  on  oxidation  with  nitric  acid.  These  acids  form 
crystalline  compounds  with  hydrochloric  acid,  such  iis  CH,.SeO,Il.HCl  = 
?  CU,.S«(OH)gCl,  which  may  be  obtained  by  dissolving  the  selenides  in  nitric 
aeid,  and  then  addbg  hydroohloriif  arid;  theaa  oompounda  are  rednoed  l^* 
anlphurous  acid,  furnishing  the  pure  disel^lda. 

Benzylie  Selenide:  (C,H,.CH,)^,  prepared  in  the  same  manner  as  the 
methyl  compound,  crystallizes  in  long  white  needles  or  monoclinic  prisms,  which 
melt  at  45'''5  (i  I3°'9  F-)-  It  furnishes  a  crystalline  nitrate  and  chloride,  and 
an  amorphous  platinochloride,  [(C,H,)^],PtCl  ;  these  compounds  are  all 
estnnefy  nnataUe,  boweifr,  and  deoompoae  in  the  manner  ropreMnted  by  the 
aquation  (C,H,)^Se€l,saC,lIyGl-i-Se,  and  not,  as  the  ethyl  and  methyl 
CMnponad^,  into  their  gaoentm.a  (CBJJSaBr,  »  (C'UJySa  -i-  fir,. 
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BenzylicDiselenide :  (C\II,)jSej,  obtained  by  heating  benzylic  chloride  witli 
aloohol  and  the  sodic  seieaide  obtained  by  reducing  sodic  selenite  wiUi  dniMMlt 
forms  yeUoirish  imIai,  which  melt  at  90*^  (194*'  F.) ;  00  oridalMNk  bj  eltrift 

acid  it  is  converted  mto  benzyUeleniout  acid,  C\H,.SeO.OII,  which  crystallizes 
in  white  needles,  nnelting  at  85**  (185"  F.).  When  digested  with  methylic 
iodide,  it  yields  beuzylic  iodide^  ■rinninm  triinftt^^iff^'^i  and  Wiieninin  dimrtih* 
benzyl  triiodide  (Jackson) : 

(16 1 9)  TniUBiUK  BTBXM.<-Mc4lqrlie  HidMhylio  tenarids  am  oUnntd  hf 

dbtiUing  potauic  telloride  with  ooneentrilted  lolatioiis  of  methylio  and  eUiylio 
pottesic  sulphate.  MHhylic  felluride,  (CHJ^Te,  is  a  pale  yellow  liquid,  of 
intensely  disa^et'ablo  odour,  which  boils  at  about  82*  (i79''"6  F.) ;  it  oxidizes 
when  exposed  to  the  air,  forming  the  compound  (CHJ,TeO.  The  a«jueou8 
•olution  of  this  oxide  is  strongly  alkaline  to  testrpapw,  and  abflorba  Mrbooie 
ashydrida  Amu  tiia  air;  H  ditpbees  ammortia  ftom  ammonfaitt  aalto,  and  fiMniw 
a  Uae  precipitate  with  onprio  aolphafte^  Methylic  teUuride  ia  Tiolaatly  aoted 
upon  by  nitric  acid ;  by  carefally  concentrating  the  solution,  the  nitrate 
(CH,),Te(OH)N()^  may  be  obtained  in  crystals.  The  aqueous  solution  of  this 
salt  yields  colourless  precipitates  of  the  chloride,  (CH,),TeCl^  and  bromide 
(CUJ,TeBr,,  when  mixed  with  hydrochlorie  and  hydrobromie  aetd,  and  wiMi 
mixed  with  hydriodio  add,  a  yellow  precipitate  of  the  iodide^  (CH  J,TeI,,  wUah 
readily  becomes  vermilion-red. 

Methylic  and  ethylio  teUuride  combine  readily  with  methylic  and  ethylic 
iodides  formin<^  compounds  analogous  to  those  obtained  from  the  thioethersj 
the  platinochlorides  of  the  corresponding  sulphur  and  tellurium  compoanda  being 
ieomorphoos  (Cahours). 


CHAPTER  Vm. 

THE  ALDBHTDBS. 

§  I.  The  Aldehydes  of  the  C^H.^^^^,COH  or  acetic  series;^ 
§  II.  The  Aldehydes  of  the  C^H^^_^.COH  or  acrylic  series;^ 
§  III.  The  Aldehydes  of  the  C„H.i^_^.COH  or  benzoic  series;^ 
§  IV,  MonaLdthydes  of  ot/ier  series ; — §  V,  Diaklehydes, 

(i6ao)  Tbi  term  aldehyde,  which  is  an  ahbrenation  of 
alcohol  d^droffenahun,  was  originally  assigned  by  Liebig  to  the 
oomponnd  Cfifi,  which  in  1835  he  diacovered  was  the  fint 
product  of  the  oxidation  of  OK^ary  alcohol,  in  alluaon  to  ita 
formatiaii  j&om  thii  latter  body  by  the  mere  withdrawal  of 
hydrogen.  It  ia  now  applied  to  all  oomponndt  derived  in  a 
similar  manner  from  primary  carbinols ;  or,  stated  more  generally, 
to  all  compounds  containing  the  group  COH  i  formyl),  as  from 
the  manner  in  which  aldehyde  is  formed  from  alcohol,  and  from 
its  reactions^  there  can  be  no  doubt  that  the  CH._j.OH  group  of 
the  alcohol  is  alone  affected  and  converted  by  the  withdrawal  of 
two  atoms  of  hydrogen  into  the  group  COH.    The  manner  iu 
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which  this  withdrawal  of  hydrogen  is  probably  effected  has  been 
discaned  on  p.  418^  where  it  is  pointed  ont  that  the  alcohol  is 
first  transformed  by  the  displacement  of  one  of  the  atoms  of 
hydrogen  in  the  CH^OH  gronp  by  OH  into  the  dihydric  alcohol 
or  aldehydrol  (p.  504),  which,  losing  the  eleinents  of  a  mdeeDle 
of  water,  is  convttted  into  the  aldehyde ;  thns : 

CHj.CHj.OH  +  (O  +  OHj)  =  CHj.CHlOH),  +  OHgj 

BUvtedMteL  MuMa^ydnl. 

CH3.CH(0H)j  B  CH9.COH  +  OH,. 

Btkaldakjdni.  Btkdd«h|dtw 

The  general  equation  fixr  the  formation  of  aldehydes  firom  the 
corresponding  primary  carbinols  may  therefore  be  written  as 
follows : 

R"(CHg.OH)„  +  n(0  +  0H2)  =  R°[CH(0II)2]„  +  nOH,; 
Il"[CH(OH)J.  =  E°(COH),  +  nOH,. 

where  R**  denotes  a  ladide  which  is  n*TaIent.  Hitherto,  how- 
ever,  only  aldehydes  containing  one  and  two  COH  groups  have 
been  prepared,  and  onr  knowledge  of  the  latter  {^aldehifdet)  is 
still  Tcry  imperfect,  chiefly  the  monaldehydes  derived  from  the 
primary  carbinols  of  the  C,|Hs„+j.OH  and  0^'H^_j.OU.  series 
having  been  investigated.  It  is  scarcdy  necessary  to  state  that 
according  to  the  above  definition  the  secondary  and  tertiary 
carbinols  and  phenols  cannot  furnish  aldehydes  containing  tlie 
same  number  of  carbon  atoms  as  themselves,  and  that  the  only 
way,  in  fact,  in  which  they  may  be  converted  into  aldehydes  is 
by  displacing  hydrogen  in  them  by  the  group  COH. 

{1621)  Formation  0/  the  Aldehydes. — i.  By  the  oxidation  of 
the  primary  carbinols,  which  is  usually  effected  by  means  of  a 
mixture  of  potaasic  dichromate,  water  and  sulphuric  acid  about  in 
the  proportions  K^Cr^O,  :  4HgS0^  and  in  some  cases  by  dilute 
nitric  acid  ;  for  example  : 

CjHg.CHj.OH  +  (O+OH,)  =  C,H,.COH  +  aOH^ 

Benijlic  ftlcohol.  Benzoic  aldihyde. 

CH3.0H.CH,.0H  +  a(0  +  OH^  =  COH.COH  -f  4OH,. 

Ethylenlc  alcohul.  Oxalic  aldehyde. 

2.  By  distilling  an  intimate  mixture  of  the  calcic,  potassic^ 
or  sodic  salt  of  formic  acid  and  of  the  acid  the  aldehyde  cor- 
responding to  which  it  is  desired  to  prepare,  whereby  the  OU 
of  the  CO.OH  group  of  the  acid  becomes  displaced  by      thus : 

E'.CX)ONa  +  H.COONa  a  E'.COH  +  CO(ONa),. 

SodteMlkofMld.         S«dl0teiiiat«.  lldcMt.  Sodtowriwuto. 

CH^OOONa  +  H.GOONa  «  CH,.COH  +  Na^CO^. 
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Tliis  method  has  beea  applied  only  to  the  preparation  of 
moualdehydes. 

3.  By  the  action  of  nascent  hydrogen  on  the  acid  chlorides. 
For  example,  on  passing  hydrogen  and  benzoic  chloride  vapour 
over  heated  finely  divided  palladimn,  bensaldehyde  is  obtained : 

C,Hj,COCl  +  H,  s=  Cfi^.COn  +  HCL 
Similarly^  when  phthaUc  chloride  is  dissolved  in  glacial  acetic 
acid  and  magnesinm  is  added,  or  when  it  is  digested  with  sine 
and  hydrochloric  acid,  phthaldehyde  is  formed : 

C^H4(C0C1)2  +  4H  =  C.H^(C0H)2  +  2HCI. 
The  same  aklchyde  is  obtained  more  readily  by  the  action  of 
hydriodic  acid  gas  in  presence  of  phosphorus  on  plithalic  chloride 
dissolved  in  carbonic  bisulphide,  but  this  method  does  not  appear 
to  be  of  general  application  (Baeyer).  The  reaction  probably 
takes  place  in  two  stages  : 

C^H^(COCl)a  +  aHI  =  C,H,(OOI),  +  2HCI; 
C,H/COI),  +  stHI  =  C,H,(C0H)2  +  I,. 
The  presence  of  phosphorus  has  the  effect  of  at  once  withdrawing 
the  iodine  frcm  the  sphere  of  action  as  it  is  produced. 

4.  By  heating  tlie  chlorinated  derivatives  of  tlic  hydrocarbons 
of  the  benzene  series  of  the  formula  CgHg_y^(C„II,„Cl)„  with 
plumbic  nitrate  and  watt  r.    This  method  has  been  applied  to  the 
preparation  of  benzoic  and  terephthalic  aldehydes  , 
r.HjVH^CI).,  +  Pl»(NOJ,  +  OH,  -  C^H^COH),  +  PbCi,  +  aHNO,+  OH,. 

ftrujfljlic  chloride.  Tcrephtluilalilch^de. 

5.  By  treating  chlorinated  derivatives  such  as  the  diehloro- 
toluene  CgHg.CHCl^  with  concentrated  sulphuric  acid,  and  then 
distilling  with  water  j  only  bensaldehyde  has  been  prepared  by 
this  method,  however : 

C,U,.CHC1,  +  iEfiO^  =  G(H,.CH(HSOJ,  •^  aHCl; 
C,Hj.CH{HSOJ,  +  aOH,  =  CeH,.CH(OH)j|  +  2H,S0«; 

CgH5.CH(OH)2  =  CgHj.OOH  +  OH,. 

'6.  By  the  action  of  trichloromcthaue  (chloroform)  in  presence 
of  sodic  or  potassic  hydrate  on  the  phenols  (Kemier) ;  the  reaction 
in  the  case  of  phenol,  which  furnishes  a  mixture  of  the  isomeric 
orth-  and  paroxybenzoic  aldehydes^  may  be  expressed  by  the 
equations : 

C,H,.ONa4^3NaOH^CHCl,  s  C,H«(0Na).CH(0H),i^3NaCl+0H,; 

CgH,(0Na).CH(0H)2  =  CgH,(ONa).COH  +  OH,. 

(162a).  General  properties  of  the  Aldehydes. — i.  If  pure,  the 
aldehydes  may  apparently  be  preserved  unchanged  for  any  length 
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of  time,  but  the  presence  of  the  merest  trace  of  impurity  often 
suffices  to  induce  their  gradual  alteration.  In  some  cases,  the 
aldehyde  undergoes  polymerization,  that  is  to  say,  is  converted 
into  a  compound  or  compounds  of  the  same  percentage  com- 
position but  of  higher  molecular  weight;  and  in  others  it  undergoes 
condensation,  two  or  more  molecules  uniting  with  simultaneous 
elimination  of  the  elements  of  one  or  more  molecules  of  water. 
Thus,  if  ethaldehyde,  C.,H,0,  be  mixed  with  a  very  small  quantity 
of  hydrocliloric,  sulphurous,  or  sulphuric  acid,  or  of  zincic 
chloride  and  of  many  other  salts,  the  mixture  soon  becomes 
heated  spontaneously,  and  the  aldehyde  is  almost  entirely  con- 
verted into  a  lifjuid  polymeride  {parethaldehyde)  of  the  compositiott 
CgHjgOj, ;  but  if  the  mixture  be  kept  carefully  cooled,  after  some 
time  white  needles  of  another  polymeride  (metethaldehyde)  of 
unknown  molecular  weight  separate  from  the  liquid.  On  the 
other  hand^  if  aldehyde  be  heated  with  a  small  quantity  of 
aqueona  hydrochloric  add  in  closed  vessels  at  ioo°  (212^  F.) 
during  several  hours,  it  ia  in  part  converted  into  crotome  aldehyde, 
C.H.OsiCjH.O-OHj. 

The  cliantfe  appears  in  btith  cases  to  be  due  to  an  nltenition  in  the  composition 

of  the  (COH)'  group,  which,  entering  into  combination  with  the  agent  effecting 

+  - 

the  change — which  may  be  represented  by  the  general  formula  XY,  X  being  the 

+  - 

poeittve  and  Y  the  negative  radicle — assumes  the  form  (CH.OX.Y)' :  several 
molecules  of  the  compound  thus  generated  then  either  enter  into  reaction  with 
one  another  and,  in  consequence  of  the  separation  of  X  from  one  molecule  in 
combination  with  T  from  another  molecule,  form  a  more  complex  molecule  of 
the  Mine  peroentage  oomporition,  i.e.  polymerisatioo  takes  phwe;  or  X  and  T 
separate  in  oombination  with  hydrogen  from  a  molecule  of  unaltered  aldehyde^ 
the  hydrogen  being  withdrawn  from  the  radicle  associated  with  the  COII  group, 
in  which  case conden!<at ion  occurs;  if  X  and  Y  from  the  same  molecule  recombiue, 
the  aldehyde  is  reproduced.  The  formation  of  parethaldehyde,  for  example,  may  be 
represented  in  the  following  msimar,  it  bong  sappoeed  that  the  three  atoms  of 
oldorine  mailced  a,  b,  e  nepeetitely  of  the  three  moleenlee  of  the  eompoand 
CH,.CHC1.0H,  formed  by  the  union  of  the  aldehyde  with  hydrochloric  acid, 
separate  in  combination  with  the  three  atoms  of  hydrogen  marked  a,  b,  c,  so  that 
the  residue  of  moU'ciilc  a  unites  with  that  of  /3,  the  residue  of  molecule  /3  with 
that  of  y,  and  the  residue  of  y  with  that  of  a : 

CIT.COH  +  HCl  =  CH,.CHaOH5 
Ethaldebjde. 

a.  CH,.CHCLOH 

h  a 

fi,  CIL.CHCl.OH 
y,  CH^CHaOH 


CH..CH  O  CH.CH. 

\  / 

=    3HCI  +00 


CH.CH, 

Fsrettuld«brde. 
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Tht^  formation  of  crotonic  aldehyde  may  be  wpceMntod  in  a  similar  maoDer  by 

the  foUowing  equationtt : 

(Mi^.coir  +  HCi  -  cii^.ciin.oH; 

CH,.CHCi()ll  +  CH,.COH  =  CH,.CHz:CH.COH       HCI  +  OH,. 

In  some  cases  condensation  products  are  formed  by  the  splittint^  off  of  only 
ODeof  the  radicleH  X  or  Y  from  the  compound  K'.(  H.OX.Y  in  combination  with  an 
atom  of  hydro^Q  from  a  molecule  of  unaltered  aldehyde ;  thuK,  when  a  mixture 
of  aldehyde  and  aqneons  hydrodilorie  add  ia  allowed  to  stand  Cor  eeferal  di^ 
oiM  ia  prodneed,  the  fiirmattoo  of  whieh  may  be  lepweonted  by  the  eqoationa : 

CH,.COH  +  HCI  =  CH..CHaOHs 
CH,.CHaOH  +  CH^OOH  =  CH^CH(OH).CH^OOH  -i-  Ha 

2.  The  aldehydes  are  very  readily  converted  by  oxidation 
into  corresponding  acids,  the  group  COH  being  converted  into 
the  group  CO.OH,  thus : 

R'.COII  +  (O-fOHj)  =  R'.CO.OH  +  OH^. 

CH3.COH  +  (0+OHj|)  =  CH,.COOH  +  OHy 

Acttio  tUtbjiM.  Acetic  wid. 

The  oxidation  may  in  most  cases  be  effected  by  mere  exposure  of 
the  aldehyde  to  moist  air,  or  by  the  aid  of  weak  oxidising 
agents  such  as  argentic  hydrate,  but  apparently  dry  oxygen 
(unless  in  the  form  of  ozone)  is  entirely  without  action. 

A  similar  transformation  of  the  aldehydes  may  be  eflbcted  by 
means  of  fused  potassic  or  sodic  hydrate,  by  the  action  of  which 
the  hydrogen  of  the  COH  group  is  displaced  by  OK  or  ONa  instead 
of  by  OH,  the  potassic  or  sodic  salt  of  the  acid  corresponding  to 
the  aldehyde  being  produced  and  hydrogen  evolved ;  for  example  : 

CH..COH  -I-  kOIl  =  CIL.COOK  +  H,. 
lertletMaivit.  rolmlo  ■cetrtu 

In  many  cases,  however,  the  hydrogen  thus  displaced  acts  npcm 
another  portion  of  the  aldehyde,  and  converts  it  into  the  corre- 
sponding alcohol ;  thus : 

Cella.COH  +  KOH  =  C,H,.COOK  +  2H; 

Benzaldchyde.  PoUssic  bcnzoate. 

CjHj.COH  +  aH  =  an,.ClL(OlI). 

Bauridfllvda.  Baa^UoaloolioL 

When  heated  with  an  aqueous  solution  of  potassic  or  sodic  hydrate, 
the  aldehydes  are  mostly  converted  into  resinous  substances, 

which  arc  doubtless  also  products  of  condensatiou. 

3.  The  aldehydes  arc  readily  acted  ou  by  nasceut  hydrogcu, 
and  converted  into  the  corresponding  primary  alcohols  ; 

R'.COII  -f  2H  =  ll'.CHjtOH). 
CjlI^-COH  -h  »H  =  C,H,.CIL(OII). 

Propionic  aldehjde.  Propylie  alcohol. 

Often,  however,  the  fixation  of  hydrogen  is  accompanied  by  con- 
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densation,  and  in  tbe  case  of  the  monaldeliydes  a  dibydric  alcohol 

is  produced  ;  thus,  if  sodium  amalgam  be  added  to  an  aqueous 
solution  of  aldehyde,  which  is  maintained  slightly  acid  by  repeated 
additions  of  hydrochloric  acid,  ethylic  alcohol  together  with  a 
small  quantity  of  a  butylene  glycol  is  produced ;  the  formation 
of  this  latter  may  be  represented  as  the  result  of  several  distinct 
changes : 

Cn,.COH  +  OH,  -  CH,.CH(OH),; 
CH,.CH(OH),  +  CH^.CHiOH),  =  CH,.CH(()H).CH,.CH(01I)^    +  OH,; 
Cfl,.CH(OH).CH,.CH(OH),  +  2H  =  CH,.CH(OH).CH*,.CHiOH)  +  OH,. 

4.  When  submitted  to  the  action  of  phosphoric  pentarhloride 
or  pentabromide,  the  aldehydes  exchange  their  oxygen  for  the 
eqoiyalent  amount  of  chlorine  or  bromine : 

K'.COH  +  pa,  =  B'.CHC1,  +  POCl,. 
CH,.COH  +  PCI5  =  CHjj.CHCl,  +  POCl,. 

5.  By  the  action  of  chlorine,  they  may  be  converted  into  the 
corresponding  acid  chlorides,  the  hydrogen  of  the  COH  group 
being  displaced  by  chlorine,  hut  in  order  to  effect  this  change  it 
is  necessary  to  observe  certain  Tprecautions  in  order  to  avoid  the 
formation  of  condensation  products,  or  of  substitution  derivatives ; 
usually  the  best  plan  is  to  add  the  aldehyde  to  the  chlorine  in  excess: 

R'.COH  +  CLj  =  R'.COCl  -f  IICl. 
C.Hj.COH  +  Clj,  =  C5H5.COCI  +  HCl. 

BeniaiD  ddc^d*.  Bnuok  ddoridek 

6.  Sulphuretted  hydrogen  converts  some  of  the  aldehydes  into 
the  corresponding  thioaldehydes  or  their  polymerides;  the  formation 
of  these  compounds  is  probably  preceded  by  that  of  a  compound 
of  the  aldehyde  with  sulphuretted  hydrogen,  which  then  loses 
the  elements  of  a  molecule  of  water  ;  thus  : 

CjHji.COH  +  SH3  =  C5H„.CH(SH)(0H); 
C,Hii.CH(SH)(OH)  =  C.Hn.CSH  +  OH,. 

In  some  cases  compounds  intermediate  in  composition  between 
the  aldehydes  and  the  thioaldehydes  are  perhaps  produced,  the 
formation  of  which  may  be  represented  as  follows  (comp.  p.  742) : 

CHj.COH  +  SH,  .=  C!H,.CH(SH)(OH) ; 
CH,,CH(0H)2  +  CH,.CH(OH)(SH)  =  CH3.CH|g  jcH.CH,. 

7.  The  aldehydes  combine  with  the  add  sulphites  of  the 
alkali  and  alkaline-earthy  metals^  forming  crystalline  compounds 
which  are  of  considerable  service  in  the  preparation  of  the  pure 
aldehydes,  as  th^  axe  deeompoeed  on  treatment  with  a  mineral 
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acid  or  an  alkaline  carbonate,  or  e?en  on  wamiing  tlie  aqneooB 
solution,  the  aldehyde  being  liberated  (comp.  1639) ' 

R'.COH  +  NaHSO,  =  R'.CH(0H).NaS05. 

CH.COH  +  NallSO*,  =  CH3.CH(OH).NaS03. 

CH,.Cll(01i).NaS03  +  OH.,  =  CH3.CI1(011),,  +  NaHSOj; 

CH,.CH(OH),  =  CHj.COH  OH3. 

8.  Tbey  also  combine  with  cyanic  hydride  (hydrocyaiiic 
add) : 

R'.COH  4-  HCN  =  R'.CH(OH).CN. 
CH,.COH  +  HCN  =  CH,.CH(OH).CN. 

EthaJdebjdA.  Cjraneth.Ylic  alcohol. 

fiy  heating  the  cyanides  thus  produced  with  dilute  hydrochloric 
add,  oxyadda  are  formed,  cyaoethylic  alcohol  being  concerted 
into  ordinary  lactic  add  : 
CH,.CH(OH).CN  +  2OH,  +  Hd  «  CII,.CH(OH).C0OH  +  OT.a 

9.  The  aldehydes  are  mostly  capable  of  uniting  more  or  less 
readily  with  compounds  such  as  water,  hydrochloric  acid,  mono- 
chlorethane  (cthylic  chloride),  CoHjCl,  acetic  chloride,  CoHgOCl, 
acetic  anliydridc,  (C^HgO^JO,  &c.,  forming  a  series  of  bodies  of  the 
form  R.'CH(OX)Y,  which,  however,  jis  a  rule,  are  highly  unstable, 
and  readily  resolved  into  their  generators. 

10.  They  readily  enter  into  reaction  with  ammonia,  appa- 
rently combining  with  it  in.  the  first  instance  in  the  manner  shown 
by  the  equation : 

B'.COH  +  NH,  =  E'.CH(OH).NHy 

But  it  is  only  in  the  case  of  the  aldehyde  of  the  acetic  or 

CnH^^iCOH  scries  that  the  compounds  thus  formed  can  be 
isolated ;  those  derived  from  aldehydes  of  other  scries  undergo 
change  more  or  less  rapidly,  several  molecules  entering  into  re- 
action with  each  other  to  form  condensation  products.  Thus 
acrylic  aldehyde  or  acrolein,  CgH^COH,  and  ammonia  yield  the 
compound  CpHyNO  =  2C3H^O-|-NH3  -  OH.  ;  and  by  the  action 
of  ammonia  on  benzoic  aldehyde  and  other  aldehydes  derived 
from  hydrocarbons  in  which  the  carbon  atoms  are  partially,  if 
not  entirely,  united  in  a  closed  chain,  so-called  hydramidts  arc 
produced,  which  are  formed  by  the  combination  of  the  elements  of 
two  molecules  of  ammonia  and  three  of  aldehyde,  the  whole  of  the 
oxygen  of  the  latter  being,  however,  eliminated  in  the  form  of  water: 

3C,H,.C0H  +  aNH,  =  (C,H,.CH),N,  +  5OH, 

lhllilH4"  aldehyde.  II|did>enutnide. 

The  compounds  formed  by  the  nnion  of  the  aldehydes  of  the 
acetic  series  with  ammonia,  soch  as  the  so-called  aldehyde 
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ammonia,  CII.,.CII(OH).NH^,  are  crystalline  substances.  Tliey 
fumish  the  aldehvde  and  an  ammonic  salt  on  treatment  with 
mineral  acids.  They  enter  into  reaction  with  hydrocyanic  acid, 
yielding  cyano-derivatives  which  furnish  amido-acids  of  the  acetic 
seriea  on  digestion  with  bydrochlorio  or  sulphuric  acid ;  thus : 

CH,.COH  +  NH,  =  CH,.CH(NH,).OH. 

Ethaldehyde.  Amidoethylio  alcohol 

CHj.CH  (NHj)  .OH  +  HCN = CH3.CH  (NH,)  .CN + OH,. 

AmidorthyBe  aloobol.  Cvanainidoethaoe. 

CH^.CH(NH^,CN-^gOH^-«-Ha«CIl3.CH(NHa).COOH+NHp. 

By  the  action  of  dehydrating  agents  at  ordinaiy  temperatures^ 
or  on  heating  either  alone  or  with  dehydrating  agents^  the  . 
oxygen  they  contain  is  partially  or  wholly  removed  in  the  form 
of  water,  ammonia  being  also  split  off,  and  basic  condensation 
products — waldmeB  and  aUKne^ — are  formed.  By  the  action  of 
sulphuretted  hydrogen  they  are  converted  into  thialdme»,  which 
may  also  be  formed  by  digesting  the  aldehydes  with  an  aqueous 
scdution  of  ammonic  thiohydrate  : 

3C,Hp  +  NH,  +  aSH,  =  CeH,3NS,  +  3OH,; 

Ethnldchrde.  Thialdiii. 

and  by  the  action  of  carbonic  bisulphide  they  are  converted  into 
carbothialdinea : 

2CJ^,0  +  aNH,  +  CS,  =  CJI^„N.S,  +  aOH,. 

Ethaldehrde.  Carbuthialdine. 

U.  By  heating  aldehydes  with  aniline,  phenylated  aldineb 
are  prndnred,  the  oxygen  of  the  aldehyde  being  eliminated  in 
the  form  of  water ;  thus : 

CH,.COH  +  aCeH,.NH,  a  CH^CHCNH.CjHJ,  +  OH,. 

Ethaldehyde. 

CH,.COH  +  aC,H,.NH,  =  CH,.CH(N.CeH,)j  +  OH,. 

Bthaldebjde. 

12.  Similarly,  by  their  action  on  a  concentrated  aqueous  or 
alcoholic  solution  of  urea,  so-called  diureides  are  produced  : 

CH,,COH  +  aCO(NH,),  =  CH,.CH(NH.CO.NH,),  +  OH,; 

whilst  if  dry  urea  be  employed,  still  more  complex  bodies  are  formed. 

13.  A  reaction  of  great  interest  and  importance,  especially 
characteristic  of  the  aldehydes  derived  firom  hydrocarbons  con- 
taining the  carbon  atoms  either  wholly  or  partially  united  in  a 
closed  chain,  is  that  which  takes  place  when  they  are  heated  with 
the  anhydride  of  an  add  of  the  acetic  series  and  sodic  acetate  or 
the  sodic  salt  of  the  acid  corresponding  to  the  anhydride  em- 
ployed, and  the  product  is  subsequently  treated  with  water.  The 
relation  of  the  final  product  to  the  aldehyde  employed  is  repre- 

8  3  a 
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tented  in  the  ceae  of  benioic  aldehyde  end  acetie  anhydride 

the  empirical  equation : 

CjHj.COH  +  CH,.COOH  =  C,H,.CH— CH.COOH  +  OH^ 

Braioic  aldehjde.  AcvUeadd. 


The  reaction  does  m/t  lake  y>].u-e  unless  the  sodic  salt  i«  present,  but  it  U 
scarcely  understood  at  pre^nt  trhat  part  this  salt  pla^s;  probaUjf,  however,  the 
acid  it  the  end  product  ct  •  periea  of  iewstioot  mhiA  oeenr  MMBevhii  in  the 
following  manner.  In  the  first  pUoe  the  aldehyde  enters  iniu  coqibinatioD  with 
the  ankydride ;  thoa,  sappoatng  benxoic  aldehyde  end  acetic  auhydiide  are  taken : 

C.H,COH  +  {Cfifiyp  -  C,H^CH(CJH,OJ^ 

Coodenaation  then  takee  place  in  conseqaenoe,  it  may  be  soppoied,  of  this  com- 
pound reacting  on  a  second  molecule  of  the  anhydride,  two  atoms  of  hydrogen 
from  which  separate  in  eombinaUoa  with  the  two  C^O,  gioope  of  the  dianetin 
as  aoetio  acid : 

c.H,CH(CAOA  *  ^11;:^;^; }  o  -  ^•"-"*=^,i;;S }  0  *  .c.h.o. 

It  is  undoubtedly  at  this  htage  that  thesodic  salt  has  an  influence  ;  and  it  perhaps 
iaToors  the  separation  of  the  hydrogen  and  the  formation  of  the  acid  in  uunse- 
<|Qenee  of  the  tendeney  eikibited  by  tke  aeida  of  the  acetie  acnaR  to  eombine  whh 

their  sodic  salta  to  form  compounds  i»uch  as  the  diacetate,  CfifiJ^M,  C^fi^ 
Whatever  the  manner  in  which  condensation  is  effected,  however,  there  can  be 
little  doubt  that  a  mixed  anhydride  ia  the  product:  tbia  ia  deoompoMMi  OB  the 

substMjuent  adtlitiun  of  water,  thus: 

C^^Cli— CO  I  ^  +  OH,  -  CA.CHziCH.COOH  +  CH,.00OH. 


§  I.  A2J>EHYD£S  Of  TUE  C^U^^iCOU  OA  AcBTIC  SBAIBS. 

(1623)  The  foUowing  aldehydes  of  thb  series  are  known  : 

a  p. » c. 

Methaldehyde  or  formic  aldehyde   H.COH  GaMona 

tthaldehyde  or  acetic  aldehyde   CH..('<  )II  22** 

Propaldtliyde  or  propionic  aldehyde,   t\lIj.l"()H  dS^'^ 

TeU*ldeijyde  or  butyric  aldehyde     .....  C\H.<».0)H  75* 

Isoletnldekyde  or  iaobntryic  aldehyde  ....  CJi^^.COH  61" 

PenftaUchyde  or  laleria  aldeb jde   C^H/.COH  loa* 

Itvuprimary*  pentaldehyde  or  i.-^oTalciie  aldehyde  .  C^Il/.COH  93^ 

Hexaldehyde  or  cnproic  aldehyde   (-'jH,j*.COH  128" 

T^oprimary  hexaldehyde  or  ixxaproic  aldehyde     .  C,H,j^  ('OH  121* 

ileptaldtfhyde  or  oenanti  ic  aldehyde      ....  C  H\,"^.I  i»H  ic^^** 

Heideoaldebyde  or  palmitic  aUehjde   ....  CJl^.COli  melt*  It  52* 

*  The  homokigace  of  etkaUehyde,  CH^.COH,  may  ke  repteaeuteJ  m  deriTed 
from  it  by  the  displaocmeot  of  the  hydrogen  atoma  in  the  CH,  group  by  ladacfaa 

of  the  form  Cnll^n  +  in  precisely  the  same  mann^'r  that  the  alcohols  of  the 
ethylic  series  are  regarded  as  derive<l  from  carhinol.  t'H^.UH  ;  it  will  be  con- 
venient, therefore,  to  distinguish  the  three  principal  clas*es  of  honiolo-ues  of 
etkaldehyde,  and  indeed  all  aldekydai  which  may  be  regarded  as  derived  in  thia 
way  from  etkaldekyda^  aa  primary,  aecoodaiy,  aod  tertiary  aUchydm  accmdii^ 
as  tkey  are  formed  by  ^  diaplaeemcnt  of  om^  two^  or  tkna  of  tka  hydicgmi 
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(1624)  Mbthaldbbtde,  Fobmic  or  Mbthtlic  Aldihtdb: 

CHjO  =  HCOH. — This  aldehyde,  like  the  homologous  aldehydes, 
is  formed  on  oxitlatioii  of  the  corresponding  alcohol,  methylic 
alcohol,  but  on  account  of  its  properties  cannot  be  directly 
isolated.  If  a  current  of  air  charged  with  the  vapour  of  methylic 
alcohol  be  directed  upon  an  incandescent  platinum  spiral,  sus- 
pended in  a  glass  flask,  after  a  few  minutes  tlic  flameless  com- 
bustion of  the  alcohol  bcj^ins  to  manifest  itself  bv  the  evolution 
of  a  vapour  powerfully  atlcctiiig  the  eyes  and  nose  ;  if  the  current 
of  air  be'  properly  adjusted,  the  spiral  remains  incandescent  for 
hours  and  even  for  days,  and  l^y  passing  the  vapour  through  a 
well-cooled  condenser  and  wash  bottles,  a  product  having  all  the 
properties  characteristic  of  the  aldehydes  ia  obtained.  Thas> 
when  it  is  rendered  slightly  alkaline  by  ammonia,  and  gently 
wanned  with  argentic  nitrate,  silver  ia  deposited  on  the  aides  of 
the  Teasel ;  and  on  heating  it  with  potassic  hydrate,  it  acquires 
a  yellowish  colour,  and  soon  deposits  drops  of  a  hrownidi  oil 
possessing  the  peculiar  odour  of  ethaldehyde  resin.  In  all  pro- 
bability the  solndon  contains  methaldehydrol,  CHg(0H)2,  but  on 
evaporation  oTcr  sulphuric  acid  in  Tacno,  instead  of  this  compound, 
or  the  aldehyde  derived  from  it  by  the  simple  withdrawal  of  the 
elements  of  a  molecule  of  water,  there  is  obtained  a  small  quantity 
of  a  yeUowish-white  substance,  which  is  a  polymeride  of  meth- 
aldehyde.  There  can  be  little  doubt,  however,  that  this  poly- 
meride is  not  contained  in  the  solution,  as  it  is  insoluble  in  water, 
and  has  but  a  faint  odour,  whereas  the  solutioj^<^^^j!^il|I^^^ 

 _____  f-.-^- 

atoms,  and  to  employ  the  terms  i.soprin>arv,  isosecondiBry*.  A:f„  jii  T^ieHitme  4»e^se 
a«  in  the  cai>e  of  the  carbinolii  to  reprei>eut  aidehydeb  conliuniug  radicK.«  >«lile^  \ 
than  normal— 4  A»  in  which  the  carbon  atoms  ara  iuppgeed  tb  J^e  'otiited^u}  ^ 
manner  diffin«nt  firom  that  in  which  they  arc  in  the  normal  yarsffius, ^ 

CH.OH  CH,H^OH  CHRVOH  CR',.OH. 

OuwooL  PriiBai7  etrMnoL      SMiaidarj  oatMiioL     Ttetiaiy  wiUnoL 

ClI  COH         CH,R'.COH        CHKVCOH  Cir,.COH. 

It  may  be  objected  that  on  this  system  the  aldubydea  would  have  to  he 
regarded  a«  derivatives  f>t'  a  compound  containing  two  atoms  of  earbon,  whereas 
the  carbinols  are  derivatives  of  a  compound  containing  only  a  single  carlxm 
atom.  Kthaldehyde  and  carbiuol,  however,  may  obviously  both  be  regarded  a» 
ftnned  in  a  nmikr  manner  from  methane,  CH^,  by  the  displaoement  of  a  single 
atom  of  hydrogen  by  the  monad  radicles  OH  and  COH ;  in  fact  the  object  is 
simiily  to  iti'iicate  the  natove  <tf  the  radicle  associated  with  the  OH  and  COH 
groups,  and  tln^  most  convenient  way  of  doin«:  this  is  to  term  those  com|M»i;nd8 
primary  wliicii  contain  a  radicle  of  the  lurm  (011.^1')',  and  to  apply  the  teiniK 
secondary  and  tertiary  respectively  to  all  thoiiU  which  couUiin  rudicleti  of  the 

ftnii  (CHB^'  and  (Cii 

3  a2 
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water  and  smells  stroDglj  (Hofmaiui,  Proc  Hoy.  8oe,,  x? .  156 ; 
Deut,  them.  GtM.  Ber.,  u,  153 ;  iu.  5S4). 

Hofmann  bas  recently  stated  that  methylic  alooihal  cam  be 
cnddiaed  with  great  &cility  by  passing  its  Tapoor  mixed  widi  air 
through  a  platinum  tube  packed  with  platinum  wire,  whidi  it 
gently  heated  in  the  first  instance  in  order  to  start  the  reactioD. 

The  formation  of  methylal  (p.  680),  CHjCOCU,),,  on  oxidatioa 
of  methylic  alcohol  by  a  mixture  of  sulphuric  acid  and  mnngsnk? 
dioxide,  aud  of  diiuesitylmethane  fi^Sc),  CH2(C,jHjj)j,  on  adding 
mesitylene,  C^Il^lCHj),,  to  a  mixture  of  solutions  of  ■  mt thylic 
alcohol  and  of  chrouiie  auhydride  in  glacial  acetic  acid,  indicates 
also  that  ordinary  oxidizing  agents  convert  methylic  alcohol  into 
the  corresponding  aidthydc. 

The  preparation  of  niethaldehydrol  from  diiodomethane,  and  its 
conversion  into  the  uolvmeride  of  mcthaldehvde,  has  already  betu 
dcscrilx'd  (1495).  latter  compound  is  also  formed  by  the  actioQ 
of  argentic  oxalate  or  argentic  oxide  on  diiodomethane  (Butlerow, 
Aim,  CJiem.  Pharm,,  cxi.  245) ;  probably  the  beat  method  of  pre- 
paring it,  however,  is  to  heat  the  calcic  salt  of  glycolic  acid, 
CH^(OH).COOU,  with  six  or  eight  times  its  weight' of  eoncea- 
trated  sulphuric  acid. 

The  calcie  nit  previoas^  dabjdnted  by  beating  st  190**  (374''  F.).  u 
introduced  into  a  capacious  retort  together  with  the  acid,  and  the  decomposition 
into  calcic  sulphate  ami  L'lycitlic  acid  effected  by  gently  wanning  the  mixture 
and  constantly  agitating  the  retort;  a  thermometer  is  then  immersed  in  the 
liquid,  and  the  head  of  the  retort  covwed  over  with  paper  so  as  to  prevent  oon- 
dcntatioD.    The  nedc  of  the  retort  ie  oonoected  with  a  a  wide  gliM 

tube  being  fitted  to  the  other  aedc  of  Uie  receiver.  Tlie  miztore  is  then  heetfd 
with  moderate  rapidity  to  a  temperature  of  170° — 180"  (338' — 3^6"  F.).  so 
that  the  product  as  it  is  formed  at  once  sublimes  into  the  neck  ot  the  retort; 
but  the  heating  must  not  take  place  too  rapidly,  as  in  this  case  the  carbonic 
oxide  which  is  sbondsntly  erdved carries  with  its  large  quantity  of  the  methalde- 
bjde  wbidi  tboseeeepes  condensation  (Hebti,  Amrn,  Ckem,  Pkarm^  eanvl  40)* 

According  to  Brodie,  a  small  quantity  of  metlialdrhyile  is 
produced  when  a  mixture  of  hydroj^eu  and  car!K)n  dioxide  gases 
is  submitted  to  the  aetion  of  the  silent  electric  discharjje  {Proc. 
Roy.  Soc.  1874,  xxii.  171).  P.  and  A.  Thenard  state  that 
when  a  mixture  of  hvdropjen  and  carbonic  oxide  is  sinnlarlv 
treated,  it  yields  a  liquid  product  soluble  in  water,  which  exhibits 
stroi'ir  reducing  properties  {Compt.  Rend.,  Ixxvi.  IC49). 

Tlic  polymeride  of  methaldehyde  is  an  amorphous,  tastelei^s 
substance,  almost  destitute  of  odour,  but  when  heated  it  gives  off 
vapour  having  a  very  pungent,  irritating  odour ;  it  begins  to 
sublime  below  100°  (212°  F.)  without  melting;,  but  if  rapidly 
heated  it  melts  at  152^  (305^*6  Y,),  and  at  the  tame  time  boils. 
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When  thus  Tolatiliaed^  it  is  depolymerized,  its  Tapour  density 
oorresponding  with  fonnnla  CH^O  (HofmaDn).  If  the 
densi^  be  determined  in  Hofmann's  apparatus^  it  is  ohservedj 
howerer^  that  the  mercury  does  not  at  once  rise  to  its  former  level 
when  the  apparatus  becomes  cold«  as  is  ordinarily  the  case,  and 
that  it  only  Tery  slowly  regains  its  former  level :  the  gaseous 
methaldehyde  being  but  gradually  reconverted  into  the  solid 
polymeride. 

If  the  methylic  alcohol  solution  of  (?)  methaldohydrol  be 
mixed  with  ammonia  and  thcu  evaporated  in  vacuo,  hexmtthylt'n- 
amine,  a  crystalliue  body  of  the  composition  CgIIj2Nj  =  6CH2(OH)2 
+  4NH3— 1 2OH0  is  obtained  ;  this  compound  is  also  formed  wlien 
the  solid  polymeride  of  metiialdeliyde  is  submitted  to  the  aetiou 
of  dry  ammonia  gas.  It  cryst;dlizes  from  alcohol  in  colourless, 
transparent  rhombohcdra  and  prisms,  easily  soluble  in  water  and 
in  hot  alcohol.  It  is  odourless  at  ordinary  temperatures,  but  when 
heated  emits  a  most  impleasant  odour.  It  slowly  sublimes  at 
about  100°  (212°  F.),  condensing  in  well-formed,  brilliant 
crystals.  Hexmethylenamiue  combines  with  acids  forming  salts 
such  as  the  hydrochloride  Cfiy^fii  (Butlerow,  Ann*  Chem, 
Pharm,,  czv.  322). 

If  a  current  of  sulphuretted  hydrogen  be  passed  through  the 
methylic  alcohol  solution  of  methsldehydrol,  the  liquid  becomes 
turbid  after  a  few  minutes^  and  on  allowing  the  saturated 
solution  to  stand  for  some  hours  a  body  of  an  alliaceous  odour 
begins  to  be  separated  at  the  bottom  of  the  flask.    If  the  liquid 
be  now  mixed  with  half  its  volume  of  concentrated  hydrochloric 
acid  and  heated  to  ebullition,  it  becomes  limpid  and  solidifies  on 
cooling  into  a  mass  of  felted  needles  of  iMomethaUlehjfde  ;  the 
solid  polymeride  of  methaldehyde  also  furnishes  this  compound 
on  treatment  with  sulphuretted  hydrogen  and  hydrochloric  add 
(Hofmann).    Moreover,  it  may  be  obtained  by  digesting  carbonic 
bisulphide  with  zinc  and  hydrochloric  acid  (Girard,  Compt.  Rend.f 
xliii.  396),  and  from  diiodomethanc :  when  the  last-mentioned 
compound  is  warmed  with  an  alcoholic  solution  of  sodic  sulphide, 
a  white,  voluminous,  amorphous  precipitate  of  a  substance  of  the 
composition  ^CHjS  is  fonned,  and  on  heating  this  at  about  150° 
(302'^  F.)  it  becomes  crystalline,  and  then  has  all  the  properties 
of  the  thioaldehyde  prepared  as  above  described.  Thiomethalde- 
hyde  is  also  a  product  of  the  action  of  nascent  hydrogen  on 
thiocyanic  acid,  HCNS,  and  on  allylic  isothiocyanate,  C3U5.NCS 
(Hofmann,  Deut,  chem.  Get,  Ber.,  i.  176).    It  melts  at  218® 
(424^*4  F.),  and  may  be  volatilised  unchanged ;  the  determina- 
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tion  of  its  vapour  density  shows  that  it  has  the  formula  CjH^Sj. 
It  forms  crystalline  compounds  with  argentic  nitiate — viz., 
CgH^Ss.AgNOs  and  C,U«S,.aAgN03— and  with  a  ninnher  of 
metallic  chlorides. 

It  appears  probable  from  the  high  melting  point  of  the 
polymeride  of  methaldehydey  and  from  the  readiness  with  whidi 
it  is  conyerted  into  the  thioaldehyde  C^H^S^  that  it  also  ii 
formed  from  three  molecules  of  methaldehyde. 

Baejer  has  shown  that  when  methaldehyde  acts  on  beniene 
and  the  homologous  hydrocarbons,  and  on  bodies  such  as  phenol, 
in  presence  of  dehydrating  agents  such  as  sulphuric  and  hydro- 
chloric adds,  condensation  products  are  obtained  which  are 
formed  by  the  separation  of  the  oiygen  of  the  ald^yde  in  coni- 
Innation  with  hydrogen  of  the  body  acted  upon  ;  thus,  when  it 
acts  upon  bensene,  a  mixture  of  diplienylmethane  or  bcniyl- 
benzene  (1377),  CH^(CgH5)2,  and  i)ara(li))cnzyll)ciizeiic  (1403), 
CgH^(CH3.C^H.)2,  and  which  even  contains  still  more  complex 
hydrocarbons,  is  obtained  (coinp.  p.  359).  McthaUlchyde  acts  on 
mesitylenc  in  this  manner  so  readily,  and  the  product  (1380]  ha^ 
such  characteristic  properties,  that  the  reaction  may  be  made  use 
of  for  its  detection. 

There  can  be  little  doubt  that  mcthaldehyde,  or  more  pro- 
bably methaldehydrol,  is  one  of  the  first,  if  not  the  first  and  only 
reduction  product  formed  from  the  carbonic  acid  in  plants,  and  in 
virtue  of  this  property  of  readily  entering  into  reaction  with 
other  bodies  in  the  manner  described,  it  doubtless  plays  a  most 
important  part  in  plant  life  in  effiscting  the  gradual  building  up 
of  many  of  the  complex  compounds  whidi  are  products  of  vege- 
table organisms.  The  formation  of  dextrose,  for  example,  may 
be  regarded  as  simply  the  result  of  the  action  upoa  each  other 
of  six  molecnUsB  of  methaldehydrol  and  the  separatioa  from  them 
of  the  elements  of  six  molecules  of  water,  thus : 

CHg(OH)a  CHJOH)  CH,(OH) 

I  I 
CHj(OH)j  CH(OH)  CH(OH) 

CH,(Oa),  ^    CH(OH)  _  CH(OH) 

CII,(GH)g  CH(OH)  CH(OH) 

CH,(OH),  CH(OH)  CH(OH) 

CHj(OH),  CH(OH)j,  COH 

That  of  glycerol  may  be  represented  in  a  aimflar  maoner : 


+  60H, 


Digitized  by  Google 


ETHALDEHYDE  OR  ACETIC  ALDEHYDE. 


727 


CH/OH),  CH,(OH) 

CH,(OH),    «    CH(OH)    +  3OH,. 

CH,(OH),  CHo(OH) 
Obviously  the  changes  involved  in  these  reactions  are  precisely 
analogous  to  those  which  there  is  every  reason  to  suppose  take  place 
for  example,  in  the  formation  of  butylene  glycol  and  of  crotonic  • 
aldehyde,  from  ethaldehyde  (pp.  717 — 719}.  It  is  by  no  means 
improbable  that  some  at  least  of  the  metallic  salts  which  are  requiaite 
for  plant  growth  assist  in  bringing  about  these  changes,  and  hence 
are  necessary  to  growth^  althong^  they  do  not  form  part  of  the 
plant  stmctore,  aa  it  has  been  placed  beyond  doubt  tlmt  whereas 
pure  ethaldehyde  may  be  preserved  unchanged;  if  a  minute 
quantity  of  a  formgn  substance  be  added»  it  rapidly  undergoes 
polymerisation  and  condensation.  The  neeeenty  of  the  presence 
of  potassie  sahs  in  the  formation  of  etaieh,  for  exampto,  may  thus 
meet  with  an  explanation. 

(1625)  £tbaldehtde;  Acme  or  Ethtlic  Aldbhtbb  ;  Alde- 
hyde :  C.,H,0=CH5.C0H.— This  aldehyde  is  a  product  of  the 
action  of  nearly  every  oxidizing  agent  on  ethylic  alcohoL 
Oxygen  alone,  however,  unless  in  the  form  of  ozone,  is  incapable 
of  converting  alcohol  into  aldehyde  at  ordinary  temperatures, 
although  ill  the  presence  of  platinum  black  action  readily  takes 
place :  many  other  substances  facilitate  the  oxidation  in  a 
similar  manner,  aldehyde  being  even  produced  on  merely  filter- 
ing alcohol  through  charcoal  (Kramer  and  Pinner) ;  and  ccrtani 
of  the  minute  organisms  which  excite  fermentation  appear  to 
possess  the  power  of  inducing  the  oxidation  of  alcohol,  for  alde- 
hyde is  sometimes  met  with  as  a  product  of  vinous  fermentation, 
espeeiaUy  when  it  takes  place  under  reduced  pressure,  and  in 
aoetoua  fermentation.  The  oxidation  of  alcohol  may  also  be 
effected  by  passing  the  Taponr  mixed  with  air  through  a  platinum 
tube  packed  with  platinum  wire  which  only  at  first  requires  to 
be  gently  heated,  the  heat  developed  in  the  formation  of  the 
ald^yde  being  then  sufficient  to  maintain  the  temperature 
high  enough  for  the  oxidation  of  the  alcohol  to  take  place 
continuously.  In  all  these  cases  in  which  aldehyde  is  produced 
by  oxidation  of  alcohol,  the  reaction  may  with  much  probability 
be  supposed  to  take  place  in  the  following  manner: 

CH,.CH,.OH  +  (0  +  OHJ  =  CiL.CH(OH).g  +  OH,. 

CH,:CH(OH),  =  CH,.COH  +  OH, 
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'  It  is  obtained  in  small  quantity  on  oxidation  of  many  other  sub- 
stances besides  alcohol,  especiaUj  complex  bodies,  such  as  the 
carbohydrates  and  albuminoids,  and  when  the  vapour  of  alcohol 

or  of  etber  is  passed  through  a  tube  heated  to  dull  redness ;  it 
is  also  oue  of  the  products  of  the  dry  distillation  of  bodies  such 
as  su^jrar,  and  of  wood.  The  followiug  are  other  methods  of 
•  forming  aldehyde  : — (a)  By  conibiniug  acetylene  with  snlphuric 
acid,  and  decomposing  the  product  with  water;  the  aldehyde  thus 
formed,  however,  as  Lagermarck  and  Eltekoff  have  recently 
shown  {Dent.  chem.  Ges.  Ber.,  x.  637),  becomes  converted  into 
crotonic  aldehyde.  It  was  stated  by  Berthelot  that  \Tuylic 
alcohol  was  produced  in  this  manner,  but  it  has  already  been 
pointed  out  (p.  213)  that  the  substance  he  obtained  was  in  all 
probability  crotonic  aldehyde  ;  Lagermarck  and  fcHtekoffs  obser- 
vations leave  little  doubt  that  the  explanation  previouslj  given  of 
the  formation  of  this  compound  firom  ac^lene  is  correct,  {b)  (?) 
By  the  action  of  a  concentrated  aqueous  solution  of  chromic 
acid  on  ethylene  at  120°  (248°  F.)  (Berthelot).  (c)  By  heating 
a-  or  /3-dibromethane  (ethylenic  and  ethylidenic  bromides)  with 
vater  or  alcohol  in  closed  tubes  at  150^ — 170°  (302^ — ^338^  F.) ; 
when  water  is  emplojed,  a  great  part  of  the  aldehyde  ii  converted 
into  a  resinous  substance^  the  formation  of  which  is  avoided  if 
alcohol  be  taken  (Carius^  Ann,  Chem,  Pharm,,  cxxxi.  17 ;  conqy. 
51 1 ).  It  may  also  be  formed  from  /3-dibromethane^  CH|.CHBr2, 
by  converting  the  latter  into  aoetal  by  the  action  of  sodic  ethy- 
late  ieomp.  p.  680)^  and  heating  this  compound  with  acetic  ac^ 
at  1 50°  (30a*'  F.) : 

CH3.CH(OCs,H5)2  +  2IIC2II3O2  =  CH3.COH  4-  OUg  +  aaHj.CjHjO,. 

(d)  By  the  action  of  aincic  chloride  on  glycol  (Wurtz).  On 
adding  glycol  to  powdered  fused  zincic  ctdoride,  heat  is  developed, 
and  a  portion  of  the  chloride  is  dissolved*  If  a  mixture  of  i  pt. 
^ycol  and  3  pts.  sincic  chloride  be  heated  in  the  ml  bath  at 
about  250^  (482^  F.)  a  moderately  vigorous  reaction  takes  place, 
and  vapours  pass  off,  which,  when  condensed,  form  two  layers— 
an  upper  oily  layer,  consisting  of  hydrocarbons,  and  a  lower 
aqueous  layer,  containing  ethaldchyde  and  a  second  substance, 
boiling,  according  to  Bauer,  at  105° — iio^  (aai^ — 230^  F.),  which 
is  doubtless  crotonic  aldehyde,  (e)  By  heating  fermentation  lactic 
acid  for  several  hours  at  about  130°  {266°  F.)  with  dilute  sul- 
phuric acid  (Erlenmeyer) : 

CH3.CH(OH).COOH  +  OH8=CH,.CH(OH)3-fH.COOH. 

It  is  also  formed  in  small  quantity  when  lactic  acid  and  many  of 
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its  salts  are  submitted  to  dry  dijitillation.  (f)  By  distiliiDg  a 
mixture  of  calcic  formate  and  calcic  acetate  : 

(HCOO),Ca + (CH,.COO),Ca= aCH,.COH + aCaCO,. 

{g)  By  passing  chlorine  into  aqueous  alcohol ;  the  formation  of 
ethaldchyde  by  this  reaction  may  be  explained  in  two  ways :  it  may 
either  be  supposed  that  by  the  action  of  the  chlorine  on  the, 
water  oxygen  is  liberated,  which  then  oxidizes  the  alcohol : 
CH^.CH3.0H  +  OH,  +  Cl,  =  2HCl  +  Cll3.COH  +  01I,;  or,  which  is 
more  probable,  that  a  chlorinated  derivative  of  alcohol  is  formed, 
which  splits  up  into  ethaldehyde  and  hydrocliloric  acid: 

CHyCHa.OH  f  C1,=CH3.CHC1.0H -f  HCl; 
CH3.CHCLOH = CH,.COH + Ha 

(A)  According  to  Saytseff  and  Olinsky  {ZeitB,  Chem  [2],  iii.  645), 
ethaldehyde  and  a  compound  of  ethaldehyde  and  mercurons 
bromide  are  obtained  on  digesting  bromethylene,  CHjZlCHBr, 

with  crystallized  mercuric  acetate. 

Prtparalion. — Ethaldehyde  is  usually  prepared  by  oxidizing 
ethylic  alcohol  with  potassic  dichromate,  or  manganic  dioxide, 
and  sulphuric  acid.  The  following  method  may  be  advantageously 
employed : 

Fifteen  parts  of  potstric  dichromate  in  pieces  the  size  of  small  pease  U  pluced 
in  B  capacious  retort  sarrounded  by  ice  and  salt,  and  a  cold  mixture  of  ten  parts 
spirits  of  wine  and  twenty  parts  concentrated  sulphuric  acid  diluted  with  three  times 
itii  volume  of  water  is  then  poured  in.  The  retort  b  connected  with  a  reversed 
Lielng't  oondenser,  or  with  a  spiral,  which  is  connected  by  glass  tubing  with 
two  iqrluidani,  om  of  whieh — that  aeaier  to  tho  eondenMr— is  empty,  tho  other 
bfing  partially  filled  with  anhydfooa  ether;  water  of  about  50  (122°  F.)  is 
allowed  to  flow^  through  the  condenser,  and  the  cylinders  are  surrounded  by  a 
refrif^orating  mixture  of  ice  and  salt.  The  reaction  begins  on  removing  the 
retrigeraling  mixture  surrounding  the  retort,  the  liquid  in  which  boils  viuieutly ; 
afWr  a  time,  however,  it  b  mmwhry  to  heat  the  retort  gently  in  order  to  eom* 
plete  the  oxidation.  The  aldehyde  diatila  ovw  and  eoUeeU  in  the  two  leeeifeHf, 
while  the  vapours  of  alcohol  and  of  the  oxidation  products  formed  simaltaneooaly 
with  the  aldehyde  (ethylic  acetate,  acetic  acid,  &c.)  which  also  volatilize  are  in  a 
great  measure  condensed,  and  How  back  into  the  retort.  In  order  to  obtain 
pure  ethaldehyde,  the  ethereal  solution  is  saturated  with  ammuuia  gas,  and  the 
oompoond  of  ethaldehyde  with  ammonia  whieh  aeparatee  oat  ia  washed  with  etiier, 
dried  over  aolphum  aoid,  then  dkaolved  in  a  small  quantity  of  water,  mixed 
with  dilute  sulphuric  acid,  and  the  mixture  carefully  distilled  from  the  watei 
hath;  the  dintillate  is  dried  over  calcic  chloride  and  then  rectified. 

Inntead  of  adding  the  mixture  of  alcohol  and  acid  to  the  dichromate,  the 
latter  may  be  dissolved  in  the  acid  and  water,  and  the  alcohol  gradually  added 
to  the  eolation  by  means  of  a  funnel  prorided  with  a  etopeoek  passing  throi^h 
the  tubulua  of  the  retort ;  it  is  not  neoesitary  in  this  case  to  cool  the  retort. 
Instead  also  of  collecting  the  aldehyde  in  ether,  it  may  be  collected  alone  in  well 
cooled  receivers,  and  partially  purified  by  rectification  j  bat  it  is  imposaible  to 
purify  it  oompletely  by  iraotional  distillation. 
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On  rectifying  criule  fermentation  spirit  Avliich  has  passed 
throug^h  charcoal  filters,  a  portion  passes  over  almost  imme<]iatcly 
when  steam  is  first  blown  into  the  stills  consisting  chiefly  of 
ctlialdehyde ;  about  two  quarts  of  this  higlily  vohitile  fraction  are 
obtained  from  30,00x5  quarts  of  spirit  (Kramer  and  Pinner,  Deiit. 
chem.  Ges.  Ber.,  iL  401 ;  iv.  787).  This  commercial  product  is 
now  the  most  coiiTeiiient  source  of  ethaldehydCj  which  may  be 
prepared  from  it  in  a  pore  atate,  by  means  of  the  oompoond  with 
ammonia. 

Properties, — EthaMehyde  is  a  colourless,  Tery  mobile,  inflam- 
mable liquid,  possessing  a  chaiacteristic  pungent  not  unpleasant 
smell ;  when  inhaled  it  produces  a  peculiar  sensation  of  tightness 
at  the  chest.  It  boils  at  32"  (71^*6  V,),  and  at  0""  (32^  F.)  has 
the  sp.  gr.  801.  It  is  misdble  with  water,  alcohol,  and  ether  in 
all  proportions,  dissolving  in  water  and  aksdhdl  with  oonsideTable 
development  of  heat,  doubtless  owing  to  the  formation  of  the 
compounds  CH,.CH(OH),  and  CH,.CH(OH)(OCaHJ. 

The  aqueous  solution  is  perfectly  neutral,  but  soon  becomes 
acid  in  consequence  of  the  production  of  acetic  acid,  CH3.COOH; 
this  acid  is  formed  with  the  ^eatest  facility  from  ethaldehyde,  by 
the  action  of  all  oxidizing  agents.  Thus,  on  warming  an  aqueous 
solution  of  ethaldehyde  with  argentic  oxide,  the  latter  is  reduced 
to  the  metallic  state,  the  aldehyde  being  converted  into  argentic 
acetate ;  similarly,  when  the  soUition  formed  by  adding  ammonia 
to  a  solution  of  argentic  acetate,  until  the  precipitate  at  first 
])roduccd  is  rcdissolved,  is  gently  warmed  with  ethaldehyde,  the 
followiug  reaction  takes  place  : 

CH,.CH(OH),  +  2AgNH,.0H  «  »Ag  +  CH^COONH^  +  Nil,  +  20H^ 

The  silver  separates  in  the  form  of  a  brilliant  mirror  on  the  sides 
of  the  flask  or  tube  in  which  the  liquid  is  heated ;  this  reaction  is 
extremely  delicate,  and  may  be  made  vie  of  for  the  detection  of 
ethaldehyde. 

It  is  not  reduced  in  contact  with  rinc<and  hydrochloric  add^ 
but  on  adding  sodium  ^m^lg^m  to  an  aqueous  solution  of  ethal* 
dehyde,  ethylic  alcohol  is  produced ;  it  is  sdYisable  to  maintain 
the  solution  faintiy  acid  by  adding  hydrochloric  add  from  time 
to  time  in  order  to  prevent  the  formation  of  resinous  compounds 
by  the  action  of  the  alkali  (Wurtz).  According  to  Kdral€,  a 
small  quantity  of  the  glycol  CH,.CH(OH).CH,.CH,(OH)  is  pro. 
duced  simultaneously  {comp.  1500).  Ethalddiyde  is  also  con* 
verted  into  ethylic  alcohol  by  digesting  its  solution  in  aqueous 
ammouia  with  zinc  at  30°— 40°  (86°— 104^  F.)  under  slight 
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pressure ;  basic  substances  arc  apparently  formed  at  the  same 
time  (Loriu,  Compt,  Rend.^  Ivi.  845). 

Ethaldehyde  is  readily  acted  upoa  by  phosphoric  pentachlo- 
ride  and  trichlorodibromide,  being  converted  into  /3-dichlor-  and 
/3-(lihr()niethane(ethylideuic  chloride  and  bromide), CH3.CH CI,  and 
CHj.CHBrj.  According  to  Taw ikkrow  {Deut.  chem.  Ges.  Ber.,  vii. 
488),thelatter  compound  isnot  obtained  by  the  action  of  phosphoric 
pentabromide  on  ethaldehyde^  t|ie  product  in  this  case  being  the 
compound  CH,.CHBr(C,H,0,)^  which  may  also  be  obtained  by 
combining  ethiddehyde  with  acetic  bromide.  On  heating  it  with 
a  solution  of  potassic  or  sodic  hydrate  the  liquid  becomes  coloured 
in  consequence  of  the  formation  of  so-called  aidehiyde»re$m9  a 
brown  amorphous  substance  of  unknown  composition,  but  which 
is  doubtless  a  product  of  condensation. 

When  the  yapour  of  ethaldehyde  is  passed  over  Ume  heated  to 
dull  redness,  acetone,  QO{f^^^^  and  homologous  compounds  are 
produced  (Schlomilch). 

(1626)  Polymerization  of  Ethaldehyde. — A  number  of  poly- 
merides  of  etlialdelivde  have  at  various  times  been  described,  but 
it  has  been  shown  by  Kekule  and  Zincke  {Ann.  Chem.  Fharm., 
clxii.  141)  that  only  two  exist — viz.,  mefethaldehyde,  which  is 
crystalline,  and  pari'thaldehydf^,  which  is  licjiiid,  at  the  ordinary 
temperature  ;  both  may  be  formed  by  tlie  action  of  the  same  sub- 
stances ou  ethaldehyde,  but  the  former  is  produced  at  low  and 
the  latter  at  higher  temperatures. 

Partikaldekjfde  i  pardUehyds:  C,Hj,0,.-^A  large  nvmber  of  substanoM 
pOMets  the  power  of  converting  ethtddehyde  into  thb  poljmeride  ;  thus,  if  a  very 
minute  quantity  of  hydrochloric  or  sulphurous  acid,  or  of  carbonic  chloride.  COClj, 
be  added  to  ethaldehyde,  the  temperature  very  soon  rises  and  may  even  reach 
38° — 40°  (ioo^'4 — 104**  F.)  if  the  reaction  takes  place  iu  s  cbsed  veMel,  the 
greater  pirt  of  the  aldehyde  being  conrertod  into  pantfaaUdijdtk  On  the  sdditioa 
of  a  drop  of  ooDoentnied  eiilpiMrio  aoid  to  ethaMahyde,  bofling  el  ones  eels  in 
explosive  violence,  and  much  of  the  aldehyde  is  volatilized ;  the  rcHidue  consistaof 
parethaldehyde.  Diluted  acid  acts  1.  ss  violently.  Zincic  chloride  has  a  similar 
action,  but  calcic  chloride  and  pt)tassic  acetate  do  not  produce  parethaldehyde, 
and  acetic  aoid  appears  to  be  entirely  without  action.  The  paraldehyde  is  heit 
purified  by  enbinitting  the  erode  product  to  a  temperatare  below  (33*  F.)  for 
some  Ume;  it  then  eryBtallisee  out,  and  may  be  freed  firom  the  liquid  bj 
pressure  between  folds  of  bibuloviB  paper,  and  distilled.  It  is  a  odoarleee 
liquid,  of  pleasant  ethereal  odour,  soluble  to  the  extent  of  about  12  vols, 
in  100  vols,  of  water  at  13°  (55''"4  ^  ;  it  Rolidifie^  below  10°  (50°  F.)  to  an 
ice  like  mahH,  but  sometimes  Ibrma  large  transparent  prisms  ;  the  crvntaU  melt 
•t  lo'  s  (5o°-9  F.).  It  boila  at  124"  (255°  »  F.),  and  at  15'  (59**  F.)  has  the 
sp.  gr.  998.  lie  Tspoar  density  eorreepoiMk  to  the  fi>rinula  C,U„0,.  When 
distilled  with  a  small  qnaotity  of  sulphuric  or  hydrochloric  acid,  or  with  zindo 
chloride.  &c  ,  it  i«  reconverted  into  ethaldehyde  ;  it  also  fiiniishes  the  same  pioducts 
as  ethaldehyde  when  acted  upon  by  phosphoric  pentacUloride  or  hydrochloric  acid 
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iras,  llic  former  converting;:  it  into  /3-dichlorethaiie,  and  the  latter  into  the 
dichluretl.er.  CH,  CllCLO.CllCl.CH,  (p.  672). 

MeMhaidehyde  ;  meiaidehyde:  a/Cflfi, — ^This  polymeiideteptnftM  in  long 
fine  neediM  when,  aftst  the  Addition  of  a  small  qoeatity  of  toy  of  the  lubsUnoee 
which  arecapeUeof  eoDverting  ethaldehydeinto  parethaldf  hyde,  the  liquid  is  well 
cooled  ;  the  amount  formed,  however,  is  always  small,  and  does  not  increase  on 
standinjif.  The  best  method  of  ]irpparing  it  is  to  pass  a  fmv  buliMes  of  hydro- 
chluric  acid  or  »ul[)liuiuub  aniiydridu  into  the  purti  aldehyde,  and  liten  to  coul  it 
by  ioe,  or  ttiD  better,  by  a  mixture  of  ice  and  salt ;  after  an  boor  or  to  tbe  ery^tala 
are  separated  by  filtration,  and  the  reaidiie  ia  distilled  with  a  small  quantity  of 
sulphuric  acid,  the  distillate  being  collected  in  a  well-cooled  receiver.  A  fre«h 
quantity  of  metethaldehyde  then  forms  in  the  distillate,  and  a  considerable 
quantity  may  be  prepared  if  Lliese  operations  are  ri'|)eattnl  snfficii'iitly  often  ;  sonie- 
tiwea  it  is  desirable  to  add  a  furtlier  small  quantity  ul  the  sub^tanoe  origiually 
employed  to  effect  the  ehange  to  the  distillate,  or  to  distil  nearly  to  dryness,  which 
pioduces  a  sufficient  amount  of  sulphuroua  anhydride.  Cryntals  of  metsllialde* 
hyde  often  form  on  pisoes  of  oaldo  ebkride  placed  in  pure  etbaldehyde. 

Met**thaldehyde  appears  to  cryBtnllize  in  forms  belonging  to  the  quadratic 
system.  When  rapidly  heated,  it  suddenly  sublimes  in  small  needles.  Wiieu 
thus  sublimed,  however,  a  portion  undergoes  couversiun  into  cthaldehyde,  and  it 
may  be  entirely  depolymerbed  by  beating  at  112*— 115*  in  otosed  tubes  for 
several  boors.  It  is  insoluble  in  water,  and  only  slightly  soluble  in  cold  alcohol, 
benzene,  or  ether  ;  it  is  somewhat  more  soluble  in  the  hot  liquids,  and  crystallizes 
out  in  long  needles  as  the  solutions  cool.  When  it  is  warmed  with  a  small 
quantity  of  dilute  sulphuric  acid,  pure  ethaldehyde  distils  over;  in  presence  of  a 
small  quantity  of  hydrochloric  acid  gas,  it  gradually  disappears,  i'urnibhing  a 
mixture  of  ethaldehyde  and  parsthaldefayde.  Phoepborie  pentaehloride  eoaverts 
it  into  /3-diohlorethane.  It  is  not  altered  by  beating  with  ammonia  at  120^ 
(34S  F.)  (Kramer  and  Pinner). 

The  manner  in  which  the  parnldt^hvde  and  metaldehyde  are  prolxibly  formed 
from  ethaldehyde  has  already  been  explained  (p.  717),  where  the  constitution  of 
the  former  has  also  been  indicated.  At  present  there  are  no  data  which  enable  us 
to  dedde  what  is  the  moleeular  weight  of  metsthaldehyde,  but  as  it  is  less  fusible 
and  also  less  soluble,  as  well  as  lees  stable  than  paretlmldehyde,  it  has  ^bably  a 
higher  molscnkr  weight  than  the  Utter. 

(1627)  ikndemaHon  of  Ethaldehyde. — ^Pme  etbaldehyde  is  not 
altered  when  heated  alone  or  with  water  at  iro°  (a  12°  F.),  but  if  a 
mere  trace  of  hydrochloric  or  sulphuric  acid  or  of  zincic  chloride  be 
present,  the  aldehyde  is  converted  chiefly  into  crotonie  aldehyde 
(q.  v.),  C^IIgO  =  CH3.CH~CII.COH  ;  the  same  change  takes  place 
at  ordinary  temperatures,  althon^h  much  more  slowly  ,  and  many 
salts  and  other  substances  besides  those  mentioned  induce  con- 
deuf^ation.  iicsides  crotonie  aldehyde,  higher  condensation  pro- 
ducts are  formed,  especially  if  the  heating  be  lon^^  eon  tinned,  but 
these  liave  not  yet  been  obtained  in  a  pure  state  (Kekule,  Ann, 
Chem,  Pharm.,  clxiL  196). 

If  well-cooled  eihaldebyde  be  satniaftsd  with  bydroehlorie  aeid  gas,tbeUrtter  is 

at  first  absorbed,  but  after  a  time  two  layers  are  formed,  one  being  an  aqueous 
solution  of  hydrothloric  acid,  and  the  other  the  dichlorether  (CH  ("UCb^O.  if 
the  ktter  be  allowed  to  remain  in  contact  with  the  acid,  it  rapidly  ondergoea 


* 
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duuige,  beooraing  brown  tod  after  «  tin*  Mimpletely  resinified  (Btieyer).  One 
of  the  prodoots  of  this  chugiB  it  erotonio  ftldohydo,  and  a  aeoond  ia  a  oryatalluM 

ohlorobatyric  aldehyde,  C,H,OLCOH,  formed  apparenilj  bj  the  oombination  of 
the  crotronic  aldehyde  with  hydrochloric  ucid  ;  HOinetimei  a  orystalHne  OOmpoiUld 
ot"  the  formula  t'lJ^iA' ^^^^  obtained  (Kekul(5). 

If,  however,  1  pt.  of  ethalUehyde  be  luLxed  with  i  pt.  of  water  and  2  pin.  of  a 
•atarated  eolation  of  hydroeblorio  aeid,  and  the  miztnve  be  left  to  itwlf  for 
ieveral  daja  at  a  tempentnre  of  15*^30^  (59*-- -68°  F.),  aldol  or  ojry» 
huftfrlr  aldehyde  (q.  v.),  C,H,0,  =  CH,.CH(On).C]I,.COF{,  is  produced  ( Wurtz). 

llydriodic  acid  also  roadily  acts  on  etliuldehyde  with  separation  of  water  and 
formation  of  condensation  products,  wincli  have  not  yet  been  examined,  however 
(Geuther  and  Cartmell,  Ann.  CJiem.  Fharm.^  cxii.  16).  According  to  Ber- 
tbdot,  ethane  is  prodnoed  when  ethaldehyde  ia  heated  withbydriodic  adid  at  high 
temperatures. 

On  passing  trimethylamine  into  an  ethereal  t^olution  of  ethaldehyde,  watw 
eeparateg,  and  condensation  prodocts  are  formed  (Lubavio«  Dtut,  ehem.  6^,  Ber^ 
▼iii.  1684). 

RiUan  [Compt.  Send.,  Ixxv.  98)  states  that  sodium  dissolves  in  an  ethereal 
eolation  of  ethaldehyde  with  evolntion  of  hydrogen,  and  that  if  hydroeblorio  add 
gaa  be  then  passed  into  the  liquid  until  it  is  slightly  acid,  and  it  be  snbeeqnently 
evaporated.  &c.,  ethaldol  is  obtained  ;  but  from  Borodin's  experiments  on  isopental- 
dehyde  (Deut.  rhem.  Oen.  Ber.,  v.  480)  it  appoars  probable  that  the  hvdro|Eren 
evolved  cannot  have  U-en  derived  from  the  aldehyde,  and  that  the  alteration  of 
the  latter  was  caused  by  the  sodic  hydrate  or  ethylate  formed  from  the  water  or 
alcohol  present  in  the  ether.  Biban  alao  obtained  eondeneatkm  prodoots  of 
ethaldehyde  hj  heating  H  with  aino  tominga  at  100^  (aia^  F.)* 

(1628)  Action  of  Chlorine  and  Bromine  on  Ethaldehyde. — The 
nature  of  the  product  obtained  by  the  action  of  chlorine  on  ethalde- 
hyde depends  on  the  conditions  of  experiment.  Thus,  when  cthalde- 
hvdc  is  poured  into  glass  flasks  filled  witii  eldorinc,  acetic  chloride, 
CH3  COCI,  and  the  chloracctin  of  aldehydrol,  CIl3.CnCl.()(Ml30, 
are  the  chief  products  ;  these  substances  are  also  formed  on 
pa-^sing  chlorine  iuto  an  iee-eold  mixture  of  tetraehloromethane 
with  one-tenth  of  its  weight  of  ethaldehyde  in  sunshine  (Wurtz, 
Compt.  Rend.,  Ixxiii.  528).  If,  however,  a  well-cooled  aqueous 
solution  of  the  aldehyde  be  submitted  to  the  action  of  chlorine, 
trichlorethaldehydrol  or  chloral-hydrate,  CCL,.CH(OH) is  the 
final  product :  but  in  this  case  we  must  assume  that  ethaidebydrui, 
CH,.CH(OH),,  and  not  ethaldehyde,  CH3.COH,  is  acted  upon, 
and  hence  the  difference  in  the  results.  On  passing  chlorine  into 
ethaldehyde  cooled  to— 10°  (14**  F.),  the  gas  is  entirely  aljsorbed, 
bat  after  a  time  the  liquid  becomes  filled  with  needles  of  met- 
ethaldehyde;  on  continuing  to  pass  the  chlorine,  a  colourless, 
heavy  liqoid,  consisting  of  an  aqneoos  solution  of  hydrochloric 
acid,  collects  at  the  bottom  of  the  vessel,  and  finally  a  yellow  or 
brownish  syrupy  mass  more  than  double  the  weight  of  the 
aldehyde  taken  is  obtained,  very  little  hydrochloric  acid  being 
evolved.  P^urethaldehyde  furnishes  a  precisely  similar  product,  but 
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is  mucb  less  Tioleutly  acted  on.  Id  this  manner  tbe  etYialdehyde 
is  fiuallv  converted  into  trichlorotetraldt Inde,  C.II.CL.COII 
(Kiiiuiei  ai)(l  I'imier  ;  Pinner,  Ann.  Chem.  J'/ian/t.,  elwix.  2J  j,  llic 
fornialion  ot  which,  however,  is  undoubtctlly  the  end  result  of  a 
long:  series  of  changes:  in  the  first  jtlace  a  certain  (jiiantity  of 
acetie  chloride  is  probably  ])r< dncc d,  l)ut  the  hydrochloric  acid 
liberated  in  its  formation  rapidly  induces  tlie  conversion  of  the 
aldehyde  in  part  into  polymerides  and  in  part  into  erotonic  aldc- 
liyde  ;  later  on,  however,  these  polynjerides  d<>nl)tless  also  undergo 
conversion  into  erotonic  aldehyde,  nnder  the  influence  of  the 
hydrochloric  acid.  The  erotonic  aldehyde  thus  produced  then 
either  combines  with  hydrochloric  acid,  forming  a  cldorotetralde* 
hyde,  which  is  acted  upon  by  the  chlorine  and  further  chlori- 
nated ;  or  it  combines  with  chlorine,  and  the  resulting  dichlor- 
aldehyde  is  converted  into  trichlonddehyde  by  the  further  action 
of  the  chlorine ;  or  it  becomes  partially  chlorinated,  and  then 
unites  either  with  hydrochloric  add  or  chlorine.  The  water 
produced  in  the  formation  of  the  erotonic  aldehyde  doubtless 
plays  a  useful  part  in  preventing  the  formation  of  acetic  chloride, 
or  of  chlorides  ccnresponding  to  the  aldehydes  produced,  by 
combining  with  these  latter,  so  that  really  the  aldehydrols  and 
not  the  aldehydes  are  acted  upon  by  chlorine. 

Bromine  acts  even  more  riolently  than  chlorine  on  ethaldehyde, 
and  in  order  therefore  to  examine  its  action  it  is  necessary  to 
d  lute  the  aldehyde ;  but  parethaldebyde  being  less  violently  acted 
upon  is  more  conveniently  employed.  When  bromine  is  care- 
•  fully  added  to  a  well-cooled  solution  of  i)arethaldehvde  in  two  or 

-  three  times  its  weight  of  carlxjnic  bisulphide,  the  reaction  appears 
to  take  place  in  precisely  the  same  way  as  when  chlorine  is  em- 
ployed, hydrobromic  acid  being  evolved,  while  water  is  seen  to 
separate  ;  but  on  distilling  the  product  it  is  entirely  decomposed. 
If,  however,  ethylie  acetate  be  employed  as  diluent,  the  di-  and 
tri-brominated  derivative  of  ethaldehyde  are  readily  produced  ;  aj>- 
parently  monobromethaldehyde  canuot  be  prepared  in  tliis  manner, 
the  product  obtained  on  adding  bromine  to  a  solution  of  ethalde- 
hyde iu  the  requisite  proportions  being  entirely  decomposed  on 
distillation  (Pinner,  lO€.  cU.,  p.  67).  Iodine  is  dissolved  by 
ethaldehyde,  but  apparently  is  without  action  upon  it. 

(1629)  Combination  qf  EihaUkhyde  with  Add  Sulphites, — 
Ethaldehyde  dissolves  in  a  concentrated  solution  of  bydric  pota^sic 
sulphite  with  considerable  development  of  heat,  and  if  the  clear 
solution  be  concentrated  over  sulphuric  add,  the  compound 
CH3.CH(OH).SO,K  is  obtained  aa  a  hard  crystalline  mass  con- 
sisting of  needles  grouped  together  in  bundles.    This  salt  may  be 
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preserved  unchanged  under  ordinary  conditions,  but  is  decomposed 
at  ico°  (2  12°  F.),  and  also  on  heating  its  aqueous  solution  ;  in  the 
latter  case  ethaldehydc  and  sulpliurous  anhydride  are  "^ivcn  off, 
potassic  sulpliite  remaining  in  solution.  It  is  also  decujinpospd 
by  alkaline  carbonates,  with  formation  of  ethaldclijdrol  and  a 
normal  sulphite. 

Tht  florwspoudiiig  lodiiim  oomponnd  u  prepured  in  •  ilmtlar  maaner ;  it  is 

extromdy  soluble  in  watsr,  orjatsIUzing  from  the  solution  on  hIow  evaporation 
in  gliateninf?  plates  of  the  composition  2CH,.CH(()H).NaS0,  +  OH^.  The 
barium  compound,  (CHj,.CII{OII).S<  )j)  ,liM.  may  \w  prepared  by  adding  a  f(li»jht 
exceMof  ethaldehjde  to  a  solution  ot  sulpUuroun  acid,  then  neutralizing  with  baric 
Qsrbonate,  Mid  adding  aloohol  to  tbe  dear  idntion,  when  it  is  thrown  down  as  a 
gliaiening  precipitate.  The  aqneone  aolutkm  of  this  Halt  is  deoompomfd  by 
boiling,  either  alone  or  with  aodio  oarbonate  or  bario  hjdrate,  bat  it  is  not  altered 
bjr  carbonic  or  aalpharouH  acids. 

These  oompoundn  of  ethaldehjde  (and  of  its  homolos^ues)  with  the  acid  sulphites 
may  be  rt^arded  either  as  derivative  of  sulphurous  or  of  sulpiiuric  acid,  thus: 

CH.  CH. 
I  I 

I.  CH.OH  II.  CH.OH 

I  t 
O.SO^a  SO,Na. 

Their  slight  stability  would  appear  to  favour  the  former  assumption,  but 
there  is  evidence  of  the  latter  being  the  more  probable.  Thus  when  /J-dichlor- 
ethane,  CH,.CHCl,,  is  heated  with  a  aohitioii  of  sodio  aolphite  in  sealed  tubes  at 
aboot  140^  (284**  F.),  one  half  the  chlorine  is  displaoed  by  the  group  SO^a, 
and  the  aodic  &alt  of  a  body  which  from  its  behaviour  is  undoubtedly  a  snlpho- 
acid  is  produced ;  but  this  is  not  the  only  product  of  the  reaction :  the  contents 
of  the  tubes  exhibit  an  acid  reactii>n  and  snu  11  of  sulphurous  acid,  the  more  so  the 
higher  the  temperature  to  which  it  hns  been  heated  and  the  longer  the  heating  has 
been  oontinned,  and  on  distillation  with  acid  ethaldehyde  is  obtuned.  £tlkalde- 
hyde  »  alao  produced  on  heating  the  pure  c!ilorosnlpho-ealt  witii  so  timea  its 
weight  of  water  for  24  hours  at  140''  (284°  F.)  (Hunte,  Ann.  Chem.  Pkarm., 
clxx.  305).  From  this  there  can  bo  little  doubt  that  by  the  action  of  the 
suiphjte  on  the  diclilorethane,  sodic  chlorethylsulphonate  is  tir»t  produced: 

CH,.CHC1,  +  SO.Na,  =  ClI.CHCLSO.Xa  +  NaCl, 

and  that  this  is  then  decomposed  by  the  water  and  converted  into  sodic  oxethyl- 
sulphonate  and  hydrochloric  acid,  ur  oxethyl.-^uiphonic  acid  and  sodic  chloride : 

CH,.CHaSO^a  +  OH,  =  CH,.CH(OH).SOpJa  +  HCl. 

The  ibnnation  of  an  oxethylsnlphonio  acid  in  this  manner  from  ethaldehyde  it 
analogous  to  that  of  the  isomeric  sulpho-acid,  the  eo<oalled  isethionio  addf  from 
ethyleuio  oxide,  the  isomeride  of  ethaldehyde : 

CH,)  ^  •  CH,.80,H 

lha  solphiHMid  and  ita  aalta  derived  from  ethaldehyde,  like  all  eomponnds  in  whidi 
aeveral  negative  radicles  are  asiodated  with  the  same  carbon  atom,  being  a  body 

of  sli^^ht  stability,  whereas  the  isomeric  b(Mly  in  whicli  the  negative  radicles  are 
associated  with  different  carbon  atoms  is  comparatively  a  vt-ry  stable  compound. 

When  ethaldehjde  is  disi^olved  in  a  soiutiou  of  hydi  io  ammouic  i<ulphite,  and 
the  liqnid  is  concentrated  by  evaporation  over  solphnric  acid,  ciyataU  are 
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obtained  of  a  eompoond  whieh  hm  flie  fonniiU  C^H^NO^S,  Mid  thenfore,  Mif- 
tatitt  the  elementa  of  »  molceale  of  mfter  lea*  then  woiUd  be  tlie  'Oase  with  a 
body  fornied  by  ibe  onion  of  ettuddebyde  endhydrie  amTnonio  wlidiite.  A  sub- 
stance of  tho  same  composition  is  obtained  on  passintj^  sulphurous  anhydride  into 
an  alcoholic  solution  oC  the  conspound  of  ethaldehydt-  and  ammonia.  Hutli  rrys- 
tidlize  in  Hniail  neeUlctt,  but  the  former  requires  ttomewhat  more  than  times 
iU  weight  of  water  at  16**  (6o*''8  F.)  to  dieaolYe  it,  whibt  the  latter  diaeolvee  in 
leee  than  one  and  a  half  parte  ;  the  former  also  is  scaroely  altered  when  heated  at 
100°  (312**  F.)t  whereas  the  latter  rapidly  loses  weight  and  is  converted  into  a 
brown  resinous  mass  (Bunte,  lor.  cit.).  Perhaps  the  most  probable  explanation 
of  the  iormation  of  the»e  two  compounds  is  atlbrded  by  the  following  equations : 

CH,.COH  +  HSO^,  =  CH,.CH  |  q^^^^*  =  CH,.CH  |  ^^jj  |  +  OH,. 
CH,.CH  I        +  80,  «  CH^CH  {  qh^^^^"^ 

( 1 630)  FJhahhh^yJrol (  hloracetin;  Chlorvthylic Acetate:  CIT^  CHCHCJI^Oj). 
»This  compound  is  Ibrmed  by  the  direct  union  of  etbuldehyde  and  acetic  chloride, 
when  a  mixtote  of  these  two  eubstaneae  is  heated  at  100^  (aia**  F.).  It  u  a 
mobile  liquid  lighter  than  water,  which  slowly  deoompoaes  it,  boiling  at 
120" — 124**  (248" — 255°*2  F.)  (Maxwell  Simpson,  Compt.  Rend.,  xlvii.  874). 
By  the  action  of  potassic  acetate  it  is  converted  into  ethaldehydrol  diacctin^ 
CH^.CH(C,H/>,).^  (H.  Schiff,  Deut.  chem.  Gcs.  Ber.,  ix.  304),  which  is  also 
formed  on  heating  a  mixture  of  ethaldebyde  and  acetic  anhydride  for  about  twelve 
honni  at  180°  (356''  F.) ;  it  boOs  at  169°  (336**3  F.),  bat  appears  to  undergo 
slight  decomposition  (Oeuther,  Ann.  Chem.  Pkarm.,  cvi.  229). 

The  formation  of  the  monochlorether,  CHj.CIK'l.(K'jHj,  on  passing 
hydrochloric  ari'l  j?as  into  a  solution  of  ethaldehydo  in  alcohol,  and  of  acctul, 
Cn^.('H(  (  H'jH  on  heating  ethaldehyde  with  alcohol  has  already  been  described 
(pp.  671,  680).  The  production  of  the  former  may  be  regarded  as  the  result 
of  the  action  of  the  hydfoehlorie  add  on  the  eompoond  CH^CH(OH).OC.H^, 
formed  by  the  union  of  the  aldehyde  with  the  alcohol. 

(  ! '  ^  1 )  C't/(tnt'fhi//ic  Alcohol :  CHj.CH(('N).OH. — Anhydrous  hydrocyanic 
at'id  and  etbaldehyde  gradually  combine  to  form  this  compound  when  the  mixture  of 
the  two  substances  is  left  at  rest  for  ten  or  twelve  days  at  ao^ — 30"  (60* — 86"^  F.) ; 
heating  at  1 00°  (212**  F.)  apparently  does  not  fanHHats  tbeir  combination.  It 
is  a  ooloarlees  liquid,  of  sharp  bitter  taste,  miaeiUe  with  water  in  all  proportions ; 
it  in  scarcely  altere<l  when  heated  at  150**  (302°  F.),  but  on  distillation  boila 
at  about  180** — 184^  (35'^"^ — 3^3  '2  F.),  being  partially  resolved  into  ita 
•jeiu-rators.  It  may  also  be  ht  ated  with  water  at  150°  (302"^  F.)  for  three  or  four 
hours  without  change  ;  alkalies  decompose  it,  however,  with  separation  of  ethalde- 
hyde,  and  ooncentnM  hydrodilorio  aoid  at  onoe  acts  npon  it  at  ordinary 
temperaturea,  bnt  the  two  anbstanoee  may  he  mixed  at  o*  (33**  F.),  and  (s 
the  temperature  of  the  mixture  be  thci^  irradoally  allowed  to  rise  it  soon 
solidifies  to  a  maiw  of  crystals,  the  cyanide  hi-in^  converted  into  lactic  acid : 
CH^.('H(UH).rN  +  2OM,  +  HCl  =  CH^.CH(()H  ).C(H)H  +  NH/'1(  Simpson  and 
Gautier,  Compt.  Mend.,  Ixv.  414).  Lactic  acid  is  also  formed  when  a  mixture 
of  ethaidebyde  and  of  solutbna  of  hydroqraaic  and  hydroehlorio  adds  is  gently 
heated  fof  some  time. 

(1632)  Trifjenic  Acid:  C^H,N,Oj. — On  passing  the  vapour  of  cyanic  aoid  over 
etbaldehyde,  violent  action  takes  place,  the  liquid  entering  into  ebullition,  and 
carbonic  anhydride  being  evolved  ;  finally  the  whole  solidifies  to  a  mass  resembling 
calciued  boiax,  and  on  boiling  this  for  some  time  with  moderately  strong  hydro- 
chloric acid  a  solution  is  obtained  from  which  trigeuic  add  OTstaBiHS  oat  on 
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awling  in  small  colourlera  prisma.  It  is  probably  formed  by  the  displacement 
ofoM  of  the  CO  groups  in  the  wHcallad  ejanam  add  (1145)  gro^P 
CHg.CH,  and  the  nana  triganio  add  is  tharafim  a  misnouMr  j  whan  ammoota 
and  argentic  nitrate  are  added  to  its  aqueous  solution,  a  ooloorlaaa  orjatalline 
fiadpitate  of  the  ailvar  deriYative  CJi^Ji fi^  k  thrown  down. 

(1^33)  'Return  qf  Anmoma  and  of  Aminet  on  EthaHehyde. — On 
pMsing  ammonia  gas  into  a  solution  of  ethaldehyde  in  ether^  crystals 
are  obtained  of  80*caUed  aldehyde  ammoniay  which,  however,  from 
the  manner  in  which  it  is  Ibnned  and  from  its  properties,  may  be 
regarded  as  amidoeth^Ue  alcohol:  CH3.CH(NH3).OH.  It  crys- 
tallises in  well  formed  colourless  rhombohedra,  possessing  a 
peculiar  odour  like  that  of  mouse  excrement,  very  soluble  in 
water,  but  less  soluble  in  alcohol  and  still  less  so  in  ether ;  it 
melts  between  70°  and  80°  (158° — 176°  F.),  and  decomposes  when 
heated  higher  under  the  ordinary  atmospheric  ])ressure,  but  under 
a  low  pressure  it  may  be  volatilized  unchanged  :  thus  Schroeder 
states  that  in  two  experiments  with  Hotinann's  apparatus  (p.  36) 
at  100°  and  160°  (212°  and  320°  F.)  respectively,  he  obtained  the 
numbers  30*33  and  30  36,  the  theoretical  density  being  30*5 ;  at 
185°  (365°  F.),  however,  the  density  was  only  2777,  indicating 
that  j)artial  decomposition  had  taken  place  (Deal,  chem.  Get.  Ber,, 
IT.  470). 

It  is  readily  decomposed  by  acids,  ethaldehydrol  being  formed, 
so  that  ethaldebyde  is  obtained  from  it  on  distillation  with  dilute 
acids ;  no  ammonia  is  produced  on  treating  it  with  alkalies  in 
the  cold.  Acetic  chloride  and  anhydride,  and  phosphoric  penta- 
chloride  at  once  resolve  it  into  ethaldehyde  and  ammonia,  and 
then  act  npon  these  separately  (B.  Schiif). 

(1634)  OmpoujuU  formed /hm  AmidoetkyUo  AUiAol  {Aldehyde-Ammo^ 
ma).— >If  kept*  eqiedally  when  motit,  the  erystda  of  aldehyde-ammonia  beeoma 

yellow  ;  this  change,  according  to  Lubavin  {Deut.  chem.  Ges.  Ber.,  viii,  i684),ia 
due  to  the  action  of  the  carbonic  acid  from  the  air.  According  to  Strecker  {Ann. 
Chem.  Pharm.,  Sup. ,v\.  2  5  5),  if  aldehyde-ammonia  moistened  with  water,  alcohol, 
or  ether,  be  left  to  itaelf  tor  a  considerable  period,  it  \»  converted  into  (i/i/ehydiu, 
a  liadesalirtaiMeof  theeompontioDC,H„N,  3CH,.CII(NH,)0H  <-  3OH,-  JNH,. 
Sehiffhas  obtdned  the  same  aabataooe  ^  aUoaring  a  aolutum  of  ethaldehyde  in  aa 
CMecet  of  a  not  too  concentrated  alcoholic  solution  of  ammonia  to  stand  for  fife 
or  six  months  in  a  clo»sed  flask  {ibid.,  p.  i).  It  is  an  amorphous  substance, 
very  holuble  in  wnter  and  alcohol,  forming  an  unstable  hydrochloride  with  two 
molecules  of  bydrocliloric  acid,  and  a  grauular  crystalline  platiuuchloride  of  the 
compodtion  PtCl,N,C,H^^.  Wben  ht>ated  with  water,  it  yielda  ogytrialdiu 
and  ammonia :  C,H,,N,  +  OH,  =  NH.  +  C,H„NO  (Schiff).  Thie  compoond  is 
also  amorphoui^ ;  it  conibiius  witli  only  a  aingle  molecule  of  hydrocliloric  fcid. 
It  is  not  apprecinbly  altered  by  heating  at  150''  (302**  F.),  but  is  decomposed  at 
higher  temperatures ;  phosphoric  pentachloride  only  slowly  actg  upon  it,  the 
l^reater  part  becoming  carbonized. 

By  heating  aldehyde-ammonia  with  akohd  in  eloeed  lumU,  still  more 
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complex  8ubt«tances  are  forined,  bodies  which  Schiff  has  tenned  oxytetraldin^ 
C,H„NO,  and  oxypeaialdiHt  Cj^H  NO,  being  obtained  when  the  tempentiiie  is 
imuotahMd  at  about  iio*~i30  (930^—248*  P.)  for  twenty-ibar  hoots; 
Otytftraldin  h  also  the  chief  product  of  the  dc>oompoHition  of  alilehyde-aminonia 
in  open  vessels  at  about  100°  (212^  F  ).    If  the  product  obtained  by  heating^ 
aldehyde-ammonia  with  anhydrous  ala)!'()l  at  120** — 130°  (248°  —  266^  F.)  for 
twelve  hour?,  be  diatilled  from  the  \val«;r  bath  until  a  diup  ut  the  liquid  which 
paeiei  oyer  dflnted  with  water  ie  rendered  tnrbid  by  the  addition  of  alkali,  end 
the  raridne  be  then  distilled  in  a  oarrmt  nit  anperiiealed  eteam,  finallj  at  a 
temperature  of  180°  (356"  F.),  after  which  it  ie  dirtilled  alone,  nn  oily  distillate 
i»  obtained  from  which  a  considerable  quantity  of  ro/ZiWiMf,  (VH,|X,  may  be 
separated  by  shakin<;  it  witli  hydrochloric  acid,  neutralixiuf?  the  ai  id  li(juid  with 
alkali,  drying  the  oil  which  Keparaten  over  solid  puta^^ic  hydrate,  and  then 
anbmiiting  it  to  IVaelaonal  distillation.   Other  baoio  substanoes  of  lower  and 
higher  boiling  point,  amongst  them  a  bodj  apparently  polymerie  with  coUidinc^ 
and  bodiea  IVee  from  nitrogen  are  also  fiinned  (Ador  and  BaeytTf  Jm».  Chem. 
Phnrm.,  civ.  294).    Collidine  is  one  of  several  basic  substances  contained  in  the 
i«>-cal!od  Dippel's  oil.  obtained  by  distilling  bones ;  it  is  also  ])rodu<  e<l  on  heating 
/3-dichlorethane,  CH,.C1IC1,,  with  aqueous  anmiouia  at  160°  (320  F.)(Krjifflef, 
Dmt.  eiem.  Qu.  B«r.,  iii.  262).    Its  formation  from  ethaldehyde  is  doabUMi 
the  end  result  of  a  series  of  changes,  orotonic  aldehyde  or  its  ammonia  com* 
pound  being  probably  first  produced  ;  the  withdrawal  of  the  elements  of  a  singlt 
molecule  of  water  from  the  latter  obviously  would  furnish  a  body  of  the  composi- 
tion of  oxytetraldin,  whilst  if  the  eU'iiients  of  two  molecules  of  water  were  split 
off,  a  body  of  the  compot.ition  of  collidine  would  be  obtained. 

Aldehyde-ammonia  readily  enters  into  reaction  with  a  nnmber  of  other 
substances.  When  it  is  heated  with  a  mixture  of  hydrocyanic  a<;id  and  dilate 
hydrochloric  acid,  alanine  or  amidopropionic  acid  is  obtained;  it  may  be  fBp> 
posed  that  in  the  first  instance  an  amidocyanethane  is  produced: 

CH^CH(NH^H  +  HCN  =  CH^CH(NHJCN  +  OH^ 

mWskk  is  afterwards  converted  into  alanine  t 

CH,.CH(N1I,)CN  +  2011,  +  HCl  =  CH,.CIi(NH,)C001I   4-  NH^CL 

Wwi  the  formation  of  alanine  would  appear  to  be  preceded  by  that  of  more  com- 
plei  bodies.    Thus  on  evaporating  a  solution  of  aldehyde-ammonia  in  aqucoui 
hydrocyanic  acid  on  the  water  bath,  a  residue  is  obtained  from  which  etht^ 
eifaraeto  the  compound  C,H,^N,  =  3CH,.CH(NH,)0H  +  3HCN  -  NH,  -  3OH, 
It  crystallizes  in  long  needles,  which  sublime  undeoomposed ;  it  does  not  fomidi  j 
a  precipitate  with  silver  solutions,  and  no  evidence  of  its  containing  the  cyanog:en 
group  is  obtained  on  treatiiiir  it  with  alkali  and  a  ferrous  salt  ;  bv  di>-solving  it 
in  hydrochloric  acid  and  allowing  the  solution  to  evaiwrate  spontaneously  a 
orystalline  hydroehkimde  is  obtained  (H.  Strecker,  Ann.  Chem.  i'hann.,  cxxx. 
*222).    Iff  however,  aldehyde^unmonia  be  dissolved  in  hydrocyaoio  add  sols*  I 
tion»  and  sufficient  dilute  hydrochloric  acid  be  added  to  render  the  mixture 
distinctly  acid,  and  it  W  then  left  to  itself  in  a  cloeed  vessel,  the  liquid  \ 
sooner  or  later  becomes  filled  witli  crystals  of  hydrocyanaJdin  :  C  If  N'  =  i 
3CH,.CH(NH,)OH+3lICN-30H,  -2NH,.  e.i.Mv  ially  if  exposed '  to'  sun-  i 
light.    This  compound  mdta  at  a  high  temperature  nnd  sublimes  unchanged 
if^not  too  rapidly  heated ;  its  aqueous  solution  is  not  precipitated  by.  silver 
salts,  but  if  nitrie  sdd  be  added  and  the  li(|uid  boiled,  si^ntic  cyanide 
is  thrown  down  and  an  odonr  of  elhaldehyde  is  apparent;  on  hrating  it 
with  alkali,  ammonia  is  evolved  and  ahlt  hyde  resin  is  formed :   it  does  not 
ocnnbiue  with  acid^s   (A.  Strecker,  ibid.,  xci.  349/     A  tlurd  compound, 
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C,H,N,=  2CH,.CH(NH,)OH  +  aHCN-aOH,-NH,,  ii  obteinad  when  « 
niztare  of  jmr*  potaMio  cyanide  and  aldebyde^MniDOiiia  is  deoompoMd  hj 
means  of  a  spraj  of  hydrochloric  acid;  it  crystallizes  in  n  cdlos  melting 
67®  (i52'''6  F.),  and  decomposes  when  heated  hi-^her.  It  is  detompotM»d  when 
heateid  with  an  aqueous  solutioa  of  argentic  nitrate  in  the  manner  represented 
bj  the  equation : 

+  aAgNO,  4-  aOU,  «  aCH^COH  -f  aAgCN  +  NH^NO.  -1-  MSO^ 

and  when  heated  with  bydroohlorie  aeid  yields  sHudddijde  and  alaiiine  (Uredi, 

Drut,  chem.  Get.  JSer.,  vii.  llI  s)- 

From  the  properties  of  the^e  different  svibstances  derived  from  aldehyde- 
ammonia,  it  appear^  iiighly  probable  that  the  latter  is  first  converted  into  the 
eompound  CH,.CH(NH2)CN,  and  that  even  if  the  alanine  be  not  directly  formed 
fiom  this,  the  more  complex  bodies  which  furnish  it  are  produced  from  this 
eyanamido-compound  by  the  muon  of  severul  molecules  andiimnltaneoas  eliniina- 
tion  of  the  elements  of  one  or  more  molecules  of  ammonia. 

When  a  mixture  of  aldeh yde-atnmuiiiii  witli  putassic  cyanide  and  cyanate  is 
acted  upon  by  ucidn,  a  cryHtalline  body  of  the  composition  of  lacti//urea, 
C^U,N,0,,  is  produced,  which  yields  alsnine,  earbonio  anhydride,  and  ammonic 
chlonde^  when  heated  with  hydrodilorio  add  (Ureeb,  loe,  eit.). 

On  passint;  sulphuretted  hydro^'en  into  an  aqueous  solution  of  aldehyde- 
ammonia,  glistening  colourless  crytitala  of  thialdin,  CjHjjNS„,  are  obtained  ;  the 
formation  of  this  body  i»  probably  preceded  by  that  of  the  thio-compound  cor* 
responding  to  aMchyde-aminouia,  thus: 

CH,.OH(N}1.,).OH  +  SH,  =  rH^.rTI(NTT,).STT  +  OH,; 

3CH,.CH(NHJ.SH      =  CH,.CU-iiH-CH.CH,  +  2NH,  +  8H,. 

i  CH-S 

I 

CH, 

Thialdin  may  also  be  prepared  by  the  action  of  ammonia  on  parathioothaldehyde, 
its  fonnation  from  which  may  be  n^rded  as  the  result  of  the  displacement  of  one 
of  the  atoms  of  sulphur  by  the  group  (NH)'; 

CH..CH       —  CH.CH,  CH,.CH— Nil  —  CH.CH. 

I  I  +  NH  =         I  I  +  8B- 

8  -  CH  —  S  •  8  —  CH  —  S  ^ 

CH,  CH, 

Pkrathiooihaldehyde.  Tliialdin. 
Thialdin  melts  at  43°  (io9°  4  F.) ;  it  may  be  distilled  with  the  vapour  of  water, 
and  sublimes  unchanged  at  ordinary  temperatures,  but  decomposei«  when  distilled 
alone.  It  disMlves  readily  in  acidfl,  and  forms  crystalline  salts  such  as  the 
hydroehloride  C,li,^NS,Cl ;  it  also  exhibits  the  bebavioar  of  a  tertiary  amine  m 
combining  with  the  moniodoparaffins.  It  furnishea  preeipitates  with  a  number 
of  metallic  salts,  which,  however,  rapidly  deoompo-^e,  metallic  sulphide  being 
formed  ;  it  is  decomposed  when  warmed  with  a  solution  of  argentic  nitrate^ 
ethaldehyde,  ammonic  nitrate,  and  argentic  hulpliide  being  produced. 

A  correitponding  seltnmWn,  C,lI^,NSe,,  is  obtained  bj  the  action  of  seleni- 
tBftled  hydrogen  on  aldehyde-ammonia. 

On  adding  carbonic  bisulphide  to  an  alcoholic  solution  of  aldehyde-ammonia* 
the  alkaline  reaction  at  once  disappears,  the  temperature  rises,  and  in  a  few 
minutes  white  glistening  crystal*  oi'  carhothialdtn.  CjH,,^N  S.^,  neparate  from  the 
solution.  Perhaps  the  bisulphide  unites  in  the  iirst  instance  with  the  anudo- 
ethylic  alcohol  to  Am  •  thiooarbonate,  thus: 

•  8b2 
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™>^^{nH,  +  Ca,  »  Cs}s.CH(NTg.CH„ 

which  then  enters  into  reaction  with  a  seoond  moiecale  of  the  amido-compound : 

y8.Cai(Niy.C5H,  J8.CH(HH).GHj 

Cs(^  +  NH^CH(OH).CH,  =  CS^^  | 

^OH  \KH.CH.CH, 

Carbothialdin  is  almost  innoluble  in  water,  but  dissolves  readily  in  hot  alcohol. 
It  is  immediately  dissolved  by  dilute  hydrochloric  acid,  and  is  reprecipitated 
unchanged  if  ammonia  be  then  added,  but  if  the  solution  be  allowed  to  stand  it 
coagulate*  in  consequence  of  the  separation  of  a  yellowish  whit«  insolubk 
•abstmeet  on  boiling  it  with  an  ezeees  of  acid»  it  is  reaok«d  into  ethaldehyde, 
oarbonio  bisulphide,  and  an  ammonic  salt.  It  fiumishes  precipitatea  witJi  a 
number  of  metallic  salte,  which  readily  decompose  on  standing. 

The  behaviour  of  ethaldehyde  with  the  amines  derived  from  the  i>araffins  does 
not  appear  to  have  been  investigated.  When  aniline  and  ethaldehyde  are  mixed, 
a  violent  reaction  takes  pUce,  a  iStatk  brown  liquid  and  water  being  formed;  if 
the  two  anbetaooea  are  prenooaly  eoolad  in  a  miztore  of  ioe  and  Mlt,  and  tiien 
mixed,  the  naotion  also  takea  place  at  once,  but  the  product  is  only  yellow.  To 
complete  the  reaction,  the  mass  is  heated  at  100°  (212°  F.)  for  a  few  liours. 
The  product  then  consists  of  a  mixture  of  two  compounds  formed  by  the  action 
of  one  and  two  molecules  respectively  of  ethaldehyde  on  two  molecules  of  aniline, 
NH,.C,U^,  and  whtoh  are  rcpreeonfad  by  the  fonnnle: 

They  may  be  separated  by  means  of  bdNng  aloohol,  in  tfhidi  tiie  former  b 
sparingly  bnt  tiie  latter  readily  soluble;  only  the  former  haa  been  oibtained  ia 

crystals  (SchiflT.  Ann.  Chem.  Pharm.,  Sup.,  iii.  344). 

(1635)  Action  of  Ethaldehyde  on  Acid  Amities. — By  heating  ethaldehyde 
with  acetamide.  C'Hj.CO(Nll,),  in  sealed  tubes,  it  is  readily  converted  into  the 
compound  CH,.CH(NH.CO.CH,),;  this  body  crystallines  in  large  prisms,  which 
melt  at  169''  (336'''2  F.);  adda  deoompoee  it  with  fiNrmation  of  ethalddi^ 
(Tkwildarow,  Deut.  chem.  Oe$,  Ber.,  r.  477). 

BenzAmide  yields  a  similar  compound  :  although  this  amide  is  not  soluble  in 
pure  ethaldehyde,  it  readily  dissolves  on  the  addition  of  a  few  drops  of  dilute  hydrf<- 
chloric  acid,  heat  being  developed;  on  cooling,  the  solution  solidifie^i  to  a  white 
crystalline  mass  of  ethylidmMdOmiMamUw,  €!H,.CH(NIi.CO.C,HJ,.  It  melts 
«t  iSS""  (370%  F.) ;  when  heated  with  dilate  aeida.  it  is  readily  ooomted  into 
eHialdehyde  and  beuamide  (Neneki,  t&tW.,  vli.  15S).  The  same  compound  is 
formed  when  cyanobenzene  (benronitrile)  is  added  to  a  solution  of  paretbal- 
dehyde  in  sulphuric  acid,  and  other  cyanides  yiekl  analogous  prodnots  (Bcfp 
acd  Spiess,  ibid.^  ix.  1424). 

EthyKe  earbonale  (nrcChane),  NH,.CO.OC,H^  hehnM  in  n  precisely  similar 
manner,  the  formation  of  the  eoroponnd  CH,.Cfi(NH.CO.Oi.;,H^),  taking  plaev 
at  onee  on  the  addition  of  a  few  drops  of  hydrochloric  ncid  to  tlie  soltttion  of 
urethane  in  ethaldehyde.  It  melts  at  i26°(2  58°-8  F.).  and  is  readily  dpcompoeed 
by  acids  (Nencki).  The  same  compound  is  formed  when  ;i  mixture  of  acetal, 
CH,.CH(0C,1I  J,,  and  urethane  with  concentrated  hydrochloric  add  ia  allowed 
to  stand  (Bischoff,  ihid.,  viL  629). 

By  pasiSog  chlorine  into  alcohol  saturated  with  iho  wptnr  tit  hydiwyMwe 
add,  or  a  solution  of  mercuric  cyatn'de  in  alcohol,  Stenhouse  obtained  n  eiyttalUne 
compound  of  the  formula  ^V^M^''i^'j^\-  repeating  these  experimenti, 

Biachoff  {ibid,,  t.  Bo)  aUo  obtained  thitt  compound,  but  found  that  sometimes 


Digitized  by 


I^S^O  ACTION  OF  £THALD£UYD£  ON  U YD&OCAEBONS.  741 

a  coRMpoodng  mmoManoM  eoraponnd,  C^OIN,0^,  wm  tmtA,  the  httor 

being  more  frequently  produced  when  a  solution  of  mercuric  cyanide  waa  em 
ployed  ;  and  afterwards  he  sucx-^ded  in  obtaining  this  moncxhlorinated  compound 
by  the  action  of  monochloriicetal  on  uretbane  in  presence  of  hydrochloric  ivcid. 
HiQM  there  oan  be  uo  doubt  that  the  bodies  thus  obtained  are  chlorinated  derivatives 
cf  etlijlideDewithMie,  mono-nd  dichlflHwetri  my  bcth  be  produced  by  theaetum 
of  chlorine  on  alcohol  (p.  68 1),  and  at  hjdnejtaaii  Mid  yi^da  cyanogen  chloride 
when  acted  upon  by  chlorine,  and  <9«lMgeB  cyoode  and  aloohol  yield  urethane  ; 
the  formation  of  bodies  derived  from  urethane  and  mono-  and  dichloracetal  by 
the  action  ol  chlorine  on  a  mixture  of  bydrooyaiuo  acid  and  aloohol  ia  therefore 
nadily  miderstood. 

Uvea,  CO(Nli^),,  readily  diaaolvea  in  »  miztoie  of  ethtldehyde  wifh  an  equal 
volume  of  alcohol,  its  solution  bebg  attended  with  development  of  heat.  Jdbu 
a  few  houra  the  aolntioii  b^gina  to  dapoaifc  oyatal^  and  finidly  the  whole  solicUfiea 

toa  maaeof  agpeyaleaof  amaU  aeedlMore%l«toMMa, CH,.CH  |  ^{j  1 00. 

The  aame  oompound  is  obtained  if  an  aqueous  solution  of  ethaldehyde  be  employed. 
Moderately  concentnted  aeida  at  oooe  reoon  vwt  ethy|idenenrea  into  ethald^yde  and 

urea ;  it  appean  to  be  destitute  of  baaic  propertiee  (Schiff,  Ann.  Chem.  PAarm., 
cli.  206).  A  corresponding  compound  is  formed  on  heating  thiourea,  CS(NHJ,, 
with  etlialdehyde  in  sealed  tubea  at  100*"  (313''  f .)  (Aeynolds,  IktU.  ckem»  Get, 
Ber.,  iv.  806), 

If  a  moderately  concentrated  solution  of  aldehyde-ammonia  and  thiourea  be 
heated  in  an  open  diah,  aa  aoon  aa  it  begina  to  boil  it  eolidiiiae  to  a  maaa  of 
eryalala  of  the  composition  C,Hj,N,S  (Nencki,  ihld.,  vii.  162).    On  boiling  the 

aqueous  solution  of  this  compound,  it  is  gradually  decompoeed  into  ammonia, 
thiourea,  and  ethaldehyde;  its  £»rmation  probably  takea  pUwe  in  the  following 
manner : 

3NH^CH(CH^.0H  +  C8(NHJ.  =  khI'.ChIch;):!!^  |  CS  +  aOH,s 

NH,.CH(CH3).HN  \  cs  „  NH  4.  NH  i  CH(Cig.HN  \^ 
NH^.C11(CH,).HN  j  ^»  »         +  «tt  j  CH(CH,).HN  1^ 

When  cyanogen  gas  is  passed  into  crude  ethaldehyde,  a  white  pulverulent  pre- 
flipiftate  of  the  compoeitioa  C,H,.N,0  is  ohlaiDed  ^BerlMot  and  Samt  OiUea, 
fUmfi.  Bmid^  Ivi  1 1 7 1).   Thia  body  ia  donhtleaa  derived  from  oxamide,  which 

is  the  first  product  of  the  action  of  water  on  cyanogen,  and  may  be  repreoentad 
by  the  formula,  CH,.Cn(NH.CO.C(^.NH  Its  formation  in  this  manner 
explains  Liebig's  observation  that  when  a  Buiall  quantity  of  ethaldehyde  is  added 
to  a  solution  of  cyanogen,  the  latter  remains  colourless,  gradually  depositing 
OTamjdOj  into  whkh  tfie  whole  of  ilie  cyanogen  ultimately  undergoea  eon- 
version  ;  wheieaa  without  the  aldehyde  the  adution  rapidly  beoomaa  biown, 
and  the  cymogen  ia  converted  into  amnionic  oxalate,  urea,  &o.  In  presence  of 
the  aldehyde  the  cyanotrcn  is  probably  converted  into  ethylideneoxaraide,  which 
is  gradually  decomj)Orted  by  the  water  into  ethaklfhyde  and  ozamide;  and  the 
aldehyde  thus  liberated  again  forms  ethylideueoxamide,  which  is  again  decom- 
posed, ao  that  a  email  quanti^  of  aldehyde  enflioia  to  eSbct  the  oonveraion  of  a 
knge  amount  of  cyanogen  into  oiamide. 

The  isothiocyanates  also  enter  into  reaotion  with  aldehydMunmonia  (B. 
Schiff,  Deut.  ehem,  Qet.  £tar^  is.  565). 

(1636)  Adkm  fif  AUkkffde  on  Bjf^hrocarbom. — Ckmoentrated 
milphiuriG  add  at  once  deoomposea  ethaldehyde,  so  that  prodacts  of 
ila  action  on  bencene  are  not  obtained  on  mixing  it  with  a  aohition 
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of  this  liydrocarbon  in  sulphuric  acid,  but  if  the  more  stable  pareth- 
aldehyde  be  carefully  dissolved  in  the  acid,  and  benzene  be  then 
added  to  the  solution,  the  hydrocarbon  diphmifki/ume  is  produced : 

CH,.COH  +  aC,H,  =  CH,.CH(C,H,),  -|-  OH,. 

Condensation  products  are  also  formed  by  the  action  of 
aldehyde  on  phenol  and  pyrogallol  in  presence  of  hydrocbkmc  or 
sulphuric  add  (Bacyer,  IhiU,  chem.  Oe$.  Ber.,  vii.  1190). 

(1637)  Pabathiobthaldbhtbb. — On  pssMngralpharetted  hydrogtniBtoaa 

aqueous  eolation  of  ethaldehyde,  the  liquid  becomes  turbid,  and  when  sAtnratld 
deposits  a  viscid  oil  ol'  most  unjilfasant  odour.  Wcidfnbusch  regarded  this  as  a 
comiHJund  of  thioethaldehyde  and  sulpliuretted  hydrogen,  but  Pinner  came  to  the 
conclusion  that  it  v.  a&  a  cou>pound  oi  ethaldehyde  and  thioethaldehjde  of  tb* 
fonnala  C,H  ^O.C,U,S  (Deui,  ektm,Ge$.  Ber.,  hr.  257).  When  treated  with  tadh 
it  tolidifieM  to  a  crystalline  mass  of  parathioethaldehyde,  C,H„S, ;  it  has  recently 
been  stated  by  Klinger  {ibid.,\x.  1893)  that  the  amount  of  parathioaldehydethua 
obtained  is  nearly  equal  to  the  amount  of  oil  acted  upon,  and  he  tlienfure  con- 
cludes that  the  oil  is  really  thioethaldehyde,  mixe^l  {)erhap8  with  a  small  quantity 
of  the  compound  CiI,.Cli(OH).SH,  which  doubtlt-Hs  is  the  first  product  of  ths 
action  of  salphoretted  hydrogen  on  ethaldehjdrol  (comp.  p.  719). 

If  sulphuretted  hydrogen  is  passed  into  an  acid  solution  of  ethaldehydo,  the 
solid  parathioaldehy  de  at  once  separates.  It  crystallizes  in  brilliant  white  glistening 
needles,  soluble  in  alcohol  and  ether  ;  it  l)egins  to  sublime  at  45"  (^13^  ^^■)> 
may  be  volatilized  unchanged, its  vapour  density  corresponding  with  the  formula 
C^U^jS,  (Hofmann,  i/nd,,  iii.  588).  It  forms  a  crystalline  oompoundi  witt 
argentie  nitnte,  C,Hj,S,.2AgN0,,  whieh  is  obtained  on  adding  argentic  aitnte 
to  its  solution  in  alcohol.  When  parathioethaldehyde  is  warmed  on  the  wafcerWHh 
with  acetic  or  benzoic  chloride,  a  violent  reaction  takes  place,  and  it  is  converted 
into  a  body  of  the  same  empirical  composition,  but  which  crystallizes  from  acetic 
acid  in  long  glistening  needleSf  melting  at  125°  (257^  F.),  and  boiling  at 
145^—150°  (293*'— 302"*  F.)  almoil  withottt  flhanga.  Tbb  modifioataoo  ef 
thioethaldabyds  tmrma  two  erystallino  componnda  with  argentio  nitrate  of  the 
empirical  compoaition  C«H„8,.AgN0,.  and  C^H^g-jAgNO,  (Klinger,  loe.  eU.). 

(1638)  Haloid  Dkrivativesof  Ethaldehyde — Cnr.oRFTHALDEHVDB.— 
According  to  Glinsky,  when  yaseous  rnoiio<-liloretljylene,  CjH,('l,  i»  passed  into 
a  well-cooled  aqueous  solution  of  hypochlorous  acid  in  which  mercuric  oxide  it 
raipeoded,  it  i>  readily  abeorbed,  mnish  heat  being  developed ;  if  the  aolntum  he 
presenred  in  a  stoppwed  flask,  a  eryetaUiae  omat  lorma  at  the  bottom  of  the 
vessel,  consisting  of  a  compound  of  chloraldehyde  with  mercurous  chkriik^ 
CjHjCK).H>;,C!j.  If,  however,  the  liciuid  be  distilled,  a  distillate  containing  the 
hydrate  of  monochloraldehydu  is  obtained.  This  hydrate  is  said  to  crystallize 
fi  oni  ether  in  tlut  plate;}  of  the  composition  2CgH,C10.0U,,  which  melt  at  about 
75^  (167°  F.).  It  rednoea  an  ammoniaoil  aolntion  of  a  silver  salt,  and  oridum 
on  exposure  to  the  air,  forming  chloracetic  acid.  Sulphuric  scid  converts  it  into 
a  thick  brownish-yellow  oil.  It  unites  with  hydric  sodic  sulphite,  forming  the 
compound  (C.jH,C10.HXaS0J,,.0H,,  which  separates  from  boiling  alcohol  as  a 
bulky  white  crystalline  powder.  On  boiling  its  solution  with  potassic  iodide, 
iodaldehyde  is  produced.  On  treatment  with  potassic  cyanide  it  forms  an  oQ 
whioh  ii  oon verted  by  the  action  of  hydrochlmrio  aoid  into  <^lorolaotie  aoid  (^wft. 
C9UrM.  [a],  iii.  676;  iv.  617  ;  vi.  513,  647). 

Thflse  ststemsnti  with  ngud  to  ohloraldehydo  require  revisaon.  Brohably 
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the  wealled  hydrate  is  ft  Mj  of  the  composition  (CH,C1.CH.0H),0,  ronned 
by  the  action  of  water  on  the  compound  CHjCl.CHCl.OH,  which  is  perhaps  Um 
lUnt  product  of  the  action  of  hypochlorous  acid  on  monochloretbjliine,  tbiu: 
CHj— CllCl  +  ClUH  -  CII,Cl.CHCi.OH ; 
2CH,CI.CHCU)H  +  Oil,  =  (CH^CLC11.0H),0  +  2HCI. 
Chloraldehyde  would  doubtless  be  obtained  on  treating  monochloracetal,  which 
•eeocding  to  Biiehoff  nuij  be  prodoead     tlie  action  of  ehkmiie  00  aeetal  {Dmi, 
ckem.  On,  B«r^  TiL  630),  with  aalphario  acid.    Amording  to  Jaoofaaen  and 
Abeljanz,  monochloraldehyde  is  a  product  of  the  action  of  sulphurio  aeid  and  c{ 
water  on  dichlorether  (p.  672),  but  it  has  not  been  isolated.    Hepp  {Deut.chem. 
Qe*,  Ber.f  vii.  1409)  has  obtained  a  number  of  chlorinated  hylrocarbons  by 
the  action  of  this  aldehyde — i.9.,  of  the  solution  of  dichlorether  in  sulphuric  acid, 
on  benaane  and  ita  homokgnea. 

DiCHLORBTHALDBHTOB :  CHC1,.C0H,  M  obtained  diatUHog  a  miziore  of 
dichloracetil  (p.  681)  with  4 — 6  toU.  of  colpharic  acid  from  an  oil  bath  at  aboot 
130  (266°  F.).  It  is  a  colourless  mobile  liquid,  boilinij  at  88"* — 90* 
(l90°'4 — 194°  F.).  Dichlurethaldt  hyde  is  readily  converted  into  diclili)racetic  acid 
by  oxidation  with  nitric  acid,  but  little  alteration  takes  place  on  passing  its 
▼apovr  mtxad  with  air  ov«r  liaated  spongy  platinnm.  When  poorod  into  water 
it  first  sinks  to  the  bottom  and  then  diaaolves,  forming  the  aldehydrol  (p.  514) 
(Patemo),  which  is  also  one  of  the  products  of  the  action  of  chlorine  on  a  aoln* 
tion  of  ethaldehyde  in  wat«»r  or  hydrochloric  acid  ( Wurtz).  When  letl  to  itself,  it 
changes  into  a  white,  amorphous,  insoluble  polymeride,  which  may  be  depoly- 
meriaed  by  heating  at  1 20^  (248**  F.).  This  polymeride  alone  is  formed  when 
dicUorethaldehyde  ie  mixed  with  a  email  qoantity  of  hydroehlorie  aeid,  bat  if 
dichlorethaldehyde  be  leil  in  contact  with  sulphuric  acid,  it  is  converted  into  a 
crystalline  polymeride  easily  soluble  in  hot  alcohol,  but  almost  insoluble  in  water. 
It  melts  at  130"  (266°  P.);  if  heaU^d  in  a  closed  tube  at  245°— 250" 
(473'* — 482"  F,),  it  is  readily  reconverted  into  the  liquid  moditication,  this 
ehaage  taking  place  at  lao^ — 130  (248'* — 266^  F.)  in  presence  of  otmeentrated 
anlphnrie  aeid  (Jaoobeen,  DmU,  ckem.  On.  Bdr.,  TiiL  87). 

TBICHLOBETHitLDEUTDB  Of  Chloral :  CC1,.C0H. — This  compound  is  most 
readily  obtained  by  agitating;  the  mixture  of  trichlethaldeliydrol,  ('('l^.CIU*  )H 
and  of  \u  inonethylin,  CcMj.CH(Ull).OCjHj,  formed  00  saturating  aniiydrous 
alcohol  with  chlorine  gas  (comp.  p.  429),  with  about  four  times  its  volume  of 
anlphnrie  aeid,  and  than  faetifying  the  oily  layer  which  eeparatea.  It  may  be 
pv^ared  in  n  aimilar  manner  bj  iieating  triehbraeetal  (p.  681)  with  anlphnrie 
aeid  at  150**  (302''  F.).  All  anbatances  which  furnish  ethaldehyde  on  oxidation 
furnish  trichlorethatdehydrol  ou  distillation  with  hydrochloric  acid  and  raanganio 
peroxide ;  hence  chloral  may  be  obtained  from  bodies  such      sugar  and  starch. 

Chloral  is  a  colourless  mobile  liquid,  of  peculiar  pungent  odour ;  its  vapour 
eaawiaee  a  naey  irritating  aetien  on  the  eyes,  and  the  liqnid  acta  atrongly  on  the 
akb.  It  boUa  aft  94**'5  (aoa*-i  F.),  end  aft  18'  (64*'*4  F.)  haa  the  ap.  gr. 
1*502.  It  readily  undergoes  conversion  into  n  white  amotfhooa  polymeride 
(metachlaral),  which  distils  at  about  180°  (356  F,),  being  reconverted  into 
liquid  chloral  ;  this  change  apparently  requires  the  presence  of  a  Ibreign  sub- 
stance, but  is  etiected  by  very  minute  quantities  ot  the  polymerizing  agent  (oomp. 
Gvabowaki.  DmO.  ekem,  Om.  Bar.,  Tiii.  1437).  Metaehloial  ia  inaolnble  in 
and  unaffected  by  water,  ahwht^  and  ether. 

Chloral  is  reconverted  into  ethaldehyde  hy  the  action  of  the  naaoent  hydrogen 
furnished  by  a  mixture  of  zinc  and  hydrochloric  acid.  It  does  not  absorb 
oxygen  on  exposure  to  the  air,  but  is  convert^^d  into  trichloracetic  acid, 
CC1,.C00H,  by  the  action  of  oxidizing  agents,  such  as  concentrated  nitric  acid, 
potMsio  permanganatBy  Ao.   Ift  nadilj  comhinea  with  water,  fiNrmbg  crygtalline 
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trieUontiialdeliydrol  or  eUorallijpdnto,  OCI,.CH(OH),  (p.  513),  much  heat 
being  developed  in  the  reaction.  Li  «  similar  manner,  it  forms  compounds  with 
•thylic  alcohol  and  ite  homologues  and  other  carbinols,  and  with  thioethylic 
alcohol  (comp.  1 60 1 ),  glycol,  glycerol,  ethylic  lactate  and  tartrate,  and  indeed 
with  hydroxy  1  oompouuda  generally  (Henry,  ihid.,  vii.  762).  It  alflO  onitea  witll 
■ottio  ehloride  and  aoetie  anhydride,  fomung  ihe  oompoonda  OC1^0HCHC,H,0  ) 
and  CC1,.CH(C,H,0,),  (Meyer  aod  Diilk,  Awn.  Chem.  Pharm.,  clxxi.  65). 
Alkaliei4  convert  it  into  trichloromethane  or  chloroform,  and  a  formate:  CC1,C0H 
+  KHO  =  CCl.Il  -I-  HCeHJK.  When  distilled  with  phosphoric  pentachlonde  it 
yield*  pentachlorethane,  CHC1,.CC1, ;  nimilarly,  the  chlorobromide  l^Cl^Br,  con- 
verts  it  into  di&romoirichloretkane,  CCl,.CUBr^  which  boils  at  aboat  200** 
(392**  F.)  with  partial  deeomposition  (Patemo). 

When  chloral  is  digested  with  a  concentrated  aqueous  solution  of  hydnx^anio 
acid,  it  is  oonverted  mto  the  hydrocyanide,  CC1,.CH(0H).CN,  which  on  digestion 
with  moderau>ly  concentrated  hydrochloric  acid  yields  iricklorolartic  acid, 
CC1^CH(0H).CCX)H  (  BischofTand  Pinner,  ^«».  Chem.  Fharm,,  clxxix.  741). 
Tbis  cyanide  is  probably  formed  from  the  aldehydrol  in  tha  ftlloiring  naiUMr: 

CC1,.CH(0H),  +  HCN  =  CCl,.CH(OH).CN  +  OH,, 
ibr  it  is  not  produced  when  chloral  and  hydrocyanic  aoid  alone  are  digested  together. 
It  crystallizes  in  rbombie  prisms,  which  melt  at  about  61*  (i4i°'8  F.).  It 
combioes  directly  with  cyanic  acid,  forming  a  crystalline  oompoond  of  the 
fiirainla  C^Cl,H,NjO,  (Cech,  Deui.  chem.  Oes.  Ber.,  viii.  1174). 

Concentrated  sulphuric  acid  is  without  immediate  action  on  chloral,  but  after 
a  time  converts  it  into  metachloral.  If,  however,  chloral  (?  chloral-hydrate)  be 
mixed  with  fuming  sulphuric  acid,  the  mixture  solidifies  after  some  time  toa  ajs- 
talline  mass  of  the  eompoaltion  C,H,C  l,,8./  )„ ;  whilst  if  the  vmponr  of  aolphnrie 
anhydride  be  passed  into  chloral  (P  chloral-hydrate),  a  body  of  the  oompoiition 
^\**^»^'^u^3^*i«  ^»  obtained  (Grabowski,  Deut.  chem.  Oes.  Ber.,  vi.  225,  1070). 
l>otli  are  decomposed  by  hot  water,  with  formation  of  sulphuric  acid  and  cliloral- 
hydr.ite;  if  carefully  warmed  with  alcohol,  however,  the  latter  dissolves  an- 
ehaiiged,  crystallizing  out  on  cooling  in  needlea  which  melt  at  70"  (158**  F.). 
Grabowski  haa  also  described  two  other  oompoanda  of  n  similar  khid.  The  tSk- 
tion  of  the  finit  of  the  compoondi  desoribod  tocUoraUhydntto  maj  be  rapreNnted 
by  the  following  fbrmoU : 

CC1,.CH(0H).0  ) 

CX.,CH(OH).  CCVCH— 0/  • 

^  OClg.CH^  0> 

0C1,.CH(0H).0  J  ^« 

If  tiie  mixtave  ef  ehlaral  and  pjioen^hane  eoid  be  heated  fiv  cone  tbMk  fo- 

caUed  chUralide,  Gfifiifi^  b  obteinad.  The  best  method  of  prepering  this 
body  is  to  heat  a  miztors  of  t  pert  faming  sulphuric  acid  and  3  partt>  diloial 
in  a  retort  with  rerersed  condenser  until  the  temperature  of  the  roixture  reaches 
105°  (221°  F.)  (Grabowski,  ibid.,  viii.  1433).  It  crystallizes  from  boiling 
alcohol  in  long  pri^tms,  possessing  a  fiunt  peculiar  odour,  which  melt  at  about 
115°  (239°  F.);  it  boila  et  t68'  (5i4*''4  F.),  or,  aeoofdinff  to  Walhsh.  et 
272*^  (52i°'6  F.),  wiUumt  undergoing  the  leest  ^eecwpoaitsen,  The  formation 
of  chloridide  affords  an  extremely  interesting  example  of  condensation.  Wallach 
found  {ibid.,  viii.  1578)  that  when  it  was  treated  with  sine  aod  hydroehioric 
acid  in  alooholic  solution,  ethalduhyde  and  dichioracrylic  astd,  0,11,01,0^  were 
prodneed ;  and  that  if  it  were  heated  iu  sealed  tabaa  with  alcohol  it  was  cunmtril 
into  eUoial  alcohohte  and  tlhglin  UMhnkuiaU,  00lg.CH(0H).000C^ 
thelattiroimipoiMd  being  identiflal  with  the  ethylic  lalt  of  the  trichbid 


Digitized  by  Google 


1638.]  CHLORAL.  745 


oMnei  from  «Uonl  m  deMribed  on  p.  744.  He  wm  ihiw  bd  to  regard  it  m 
formed  fiom  triflUondactie  acid  and  ehkmil  in  the  manner  represented  hj  the 
following  equation,  and  succeeded  in  preparing  it  by  heating  a  mUtim  of  thtM 
■abatenow  afc  150''— 160"  (302*^—330''  F.)  {UmL,  ix.  545) : 

C»1,.Ch|^,^jjj  +  0C1,.C0H  »  C5C1,.Ch|^^  JCH.CC1,  +  OH,. 

TrichlorolacUc  acid.  ChloraL  ChloraMe. 

Ib  ili  fiwiMtioii  from  ohlonl,  tht  latter  ie  prcbeUj  fink  eeatertod  iato  ehloro- 
laetide,  although  it  is  diffioak  to  wj  in  whi*  mamertbe  ehangetakea  plaoe,aad 
what  fwt  ia  pkjFod  hy  the  adphuio  aeid  s 

CG1,.0(«  +  CC1,.00H  =  0CI^CH|^j5^|  +  CHCI,; 

and  the  chlorolacUde  tkua  ibrmed  then  enters  into  combination  with  a  molecule 
<tf  ohloral: 

CC1,.CH  {  ^  }  +  CCl^COH  r-.  CC1,.CH  |        J  QU,CC\^ 

Th»  triehhmmethane,  whioh  ia  the  aceeesoiy  product,  ia  deeompoeed  hj  the 
aal]plmrie  acid  in  the  following  manner : 

CHCI,  +  H.s,o,  »  00  +  na  -I-  a80,Ha 

Chkmd  finrma  erjatdline  eomponnde  with  add  ralphitea.   When  edd  000- 

eemtrated  aolutiong  of  ehloral>bjdrate  and  of  potansic  Kulphibe  are  nliBed,  the 

liquid  K(>on  solidifieii  to  a  ma^s  of  glistening  crystalline  plates  of  the  compoond 
CCl,.Cli(UH).KSO,,  and  at  the  »ame  time  trichluromethane  ia  produced: 

2CC1^CH(0H),  +  K^,  =  CCa,CH(OH).SO,K  +  H.COOK  +  CHCl,-l-OH^ 

If  the  eohitioQ  be  heated,  other  producta  formed  by  the  diapleoement  of  the 
chlorine  in  the  compound  CCi,.CH(01l).S0,K  arc  obtained — vi».,  a  difficultly 
Roluble  8alt  of  the  composition  CH(S0,K)^.CH(UHi.S03K  +  0H„  and  a  very 
soluble  double  salt :  CCl(SO^K),.CU(OH).SO,K  +  2CHC1(S0,K).CH(0H).S0,K 
+  7OH,.  The  finrmer  lalt  la  deoompoeed  when  boiled  with  poteaeio  earbonate 
eolation,  ita  behavioor  being  similar  to  that  of  ehloial*hydmte  itaelf : 

CH(S0,K),.CH(0H).S03K  +  K,C(J,  =  CH,(SO,K),  +  K,SO,  +  HOOOE  +  CO,. 

By  the  action  of  bromine,  or  of  hydrochlohu  acid,  it  is  converted  into  potassic 
aJdehjdedliwlphonate,  0H<80,K),.00H»  which  madUj  combiMa  with  the  add 
■wlphite  to  form  the  parent  salt ;  when  digested  with  bromine*  it  jielda  the 

bromo-derivative,  CBr(SO,K)j.COH,  which  on  mere  boiling  for  a  few  seconds 
with  potatisic  sulphite  yields  the  original  salt,  CH(SOjK),.CH(UH),S0,K. 
Pungent-smelling  volatile  products  are  also  formed  on  heating  chloral-hydrate 
with  potasaic  sulphite,  so  that  probably  a  portion  of  the  former  is  reduced  to 
■Mmo-  or  diohlomUshyde  hydrate  (Bsttbhe^  Amk,  Cktm.  Pkmm»»  efacL  149). 

Chloral  forms  a  ccystalUne  eompound  with  ammonia,  CC1,.CH(0H).NH, ; 
this  body  is  obtained  on  passing  ammonia  into  well  cooled  chloral,  much  heat 
being  developed  in  the  reaction,  so  that  unless  very  small  quantities  are  operated 
upon,  seooodary  products  are  alho  formed  ;  but  it  is  much  more  readily  produced 
by  pmiing  a  n^id  oorrent  of  ammonia  gas  into  a  wall  eoidsd  soiation  of  elikwal 
saeUonfivmnnta  tho  whole  enddenlj  aoUdifiee  (&  BAHS,  Dmi.  dUm.  GW. 

X.  ^5).  On  treatment  with  concentrated  aalphurio  add,  it  yields  chloral 
and  amnionic  sulphate;  and  on  distillation  is  split  up  into  formauiide, 
HCO.NHj,  and  trichloromethane.  By  the  action  of  acetic  chloride  at  the  ordinary 
temperature,  it  is  (inverted  into  the  compound  CC1,.C11(0H)  NH(C,H,0), 
whieh,  en  heeling  with  aeetio  ehkride  at  120°  (248°  h\),  yielda  the  eompoond 
0GVCH(C^.0^H(C^,0)  (B.  Sdiiff).   The  priramj  amfaiea  deii?ed  from 
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the  paraffins  behave  like  ammonia,  combining  directly  with  chloral,  and  yielding 
eompowidt  wbidi  are  split  up  oa  diftUktioo  into  triohlonmMthaM  and  a 

fomiaonide.  Thu^,  with  ethjlamiiMt  it  forms  a  white  crystalUiM  oompound, 
CCI,.CH(On).NH(C,HJ,  which  on  distillation  yields  formetkylamide, 
}lC().XII(C,i{^)  ;  similarly,  ethjlenediamine  and  chloral  act  energetically  opon 
each  other,  Ibrining  trichloroniethane  and  diformyhthi^lenediamide: 

(cyiJH^N,  +  2CC1,.C0H  =  (HCO),N,H„(C,HJ  +  2CHCI,, 
the  compound  first  formed  being  at  once  decomposed  (Uofmann,  Deut.  ekem. 
Ou.  JBer.,     247).    The  primary  aminea  darited  hom  tfaa  hydiooarbona  of 
the  benzene  wriee  behave  loiDawbiii  diflbnotly,  aetiog  <m  ehkral  aa  on  ctliaUe- 
byda.    Tkaa  with  aniline  it  antera  into  reaetion  in  the  following  manner : 

CCa^OOH  +  aNH^CA  =  OCVCH(NH.C,HJ,  +  OH^ 
The  product  is  a  crystalline  aabatanoe,  which  is  Terj  readily  decomposed, 
aniline  hydro<hloride  being  at  once  separated  on  pa&King  hydrochloric 
acid  gag  ijtto  its  solution  in  benzene.  It  does  not  apj>ear  to  posses*  basic 
properties.  Paratoiuidine,  NU,.C,H^.CH,,  like  anilme,  readily  enters  into  re- 
action  with  diloral,  mneh  beat  being  developed,  and  fimiui  a  conesponding  eooi- 
pound,  OCl^CH(NH.C^^.CHJg;  if  ahsohol  be  added  immediately  to  the  pro. 
duet  of  the  reaction,  or  even  if  it  be  eevend  times  recrystalUsed  fiom  aleobol,  it 

i8partidlyeonv«rtedintotheeafnpo«ndCCl,.CH|^'^*^^^jj^  whieh  ia 

remarkable  for  the  facility  with  which  it  crystallizes.  This  body  is  alwaya 
formed  when  a  mizlnre  of  akohdie  edlotiona  of  ehlond  and  panitolnidine  ia 

maintained  for  seTeral  days  at  a  gentle  heat,  but  oone^widing  oompounda 
could  not  be  obtained  with  metbylic  alcohol,  or  aniline,  or  xylidine,  althoogh 
the  last-iiu  ntioned  substance  is  acted  upon  by  chloral  in  the  same  manner  aa 
aniline  (Wallach,  Ann.  Chem.  PAarm.,  clxxiii.  274). 

Acid  amides  act  towards  chloral  like  ammonia,  combining  directly  with 
it;  with  aoetamide,  KH,.CO(CH,),  for  example,  it  forme  the  componnd 
CC],.CH(OH).NH.CO(CHJ.  which  ia  also  obtained  as  above  stated  on  treating 
tile  compound  of  chloral  and  ammonia  with  acetic  chloride.  Benzauiide  aud 
urea  furnish  similar  compounds,  the  latter  combining  with  one  and  two  molecules 
of  chloral  forming  bodies  which  may  be  represented  by  the  formube : 

CC1,.CH(0H).(NH.C0.NH^)  and  CX)(Nn),.(CCI,.CH.OH), 

(Jacobsen,  ibid.,  clvii.  245  ;  Wallach,  loc.  cit.).  In  presence  of  hydrochloric  or 
sulphuric  acid,  chbral  and  ethylio  carbonate  (urethane),  NH,.CO.OC,Up  combine 
to  form  CCI,.CH(OH)jnLO0OC,H.  (KeebdF). 

When  chloral  ia  brought  into  contact  with  trimethylamine,  a  vigorous  re- 
action takes  place,  and  a  brilliant  white  solid  substance  is  produced,  entirely  free 
Iroin  nitroijen.  It  apparently  is  a  mixture  of  several  substances — probably  of 
polymer  ides  of  chloral — ^as  it  is  only  partially  dissolved  on  treatment  with  various 
aolvents  (Meyer  and  Dolk,  ibid,,  clxxi.  76). 

On  peering  the  vapour  of  ^janio  aeid  into  ehhml,  it  ia  abioihed  without 
much  heat  being  developed ;  the  saturated  solution  sometimes  soHdifiea  imme- 
diately, but  at  other  times  only  on  standing,  gas  being  also  in  some  cases 
evolved,  forming  a  vitreous  mass,  which  on  boiling  with  moderately  concentrate 
hydrochloric  acid  is  converted  into  a  granular  powder,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  The  componnd  thua  pradneed  hat  the  composition 
C^CLKO,,  being  formed  of  the  elementa  of  •  molmile  of  qyania  acid  and  of 
two  moleeules  of  chloral  (Bischoff,  Demi.  ehem.  Get.  Ber*,  86). 

When  chloral  is  mixed  with  concentrated  sulphuric  acid  and  benzene,  it 
enters  into  reaction  with  the  latter,  forming  the  chlorinated  hydrocarbon 
CCly  CH(C,H,),  =  CCl,  COH  +  2C,H.  -  OH,.    The  homoiogues  of  benzene  and 
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other  bjdroetrbQnv  in  whioK  the  oarboD  aloiiw  an  voited  in  «  doeed  diain 
behave  with  eblond  in  •  preeiaelj  dmiler  mnnner;  •  nnmber  of  the  products  so 
obtained  have  thwAy  been  described  under  hydrocarbons.  The  phenols  aUo 
fumtsh  anaiugoos  pro^lucts,  thymol  yielding  the  oompoond  CCJ^Cii(QM^u*^^)a 

(Jteger,  ibid.,  vii.  11 97). 

From  the  foregoing  description  of  trichlurethaldehyde,  it  will  be  evident  that 
it  maoUbeA  a  eloae  reeemblairae  to  ethaldehyde  in  many  of  ite  propertiet»  the 
chief  diffenDee  being  that  it  fiur  note  readily  enten  into  oombination  with  oth«r 

Bubstances,  and  that  it  manifusts  a  tendency  to  anite  directly  with  substances 
which  act  upon  it  rather  than  to  form  condent»ation  products  by  the  separation 
of  its  oxygen  in  combination  with  hydrogen  of  the  reacting  body — a  claae  of 
reaction  which  is  especially  characteristic  of  ethaldehyde^ 

XHbromtihaldehyde :  CHBr,.COH.— Tina  oompoond  may  be  prepared  by 
distilling  the  product  of  the  action  of  two  mohk  faraoiine  oa  a  eolation  of  one 
mol.  ethaldehyde  in  twice  ita  balk  of  ethylic  acetate,  and  agitating  the  portion 
which  passes  over  between  120** — 150°  (248" — 302**  F.)  with  3 — 4  vols,  of 
concentrated  nulphuric  acid ;  the  oil  separat^^d  from  the  acid  is  then  submitted 
to  fractional  distillation.  It  is  a  heavy  oily  liquid,  very  easily  soiable  in 
water  and  aloobd,  with  which  H  eombinea ;  it  boila  at  aboot  142**  (287^*6  F.). 
When  kept,  it  nndergoea  oonversion  into  a  white  solid  in^olnble  pdymcride.  It 
ia  readily  decomposed  by  alkalies,  but  does  not  furnish  dibromomethane. 

Tribromethaldehifde  or  Bromal :  CBr,.COH,  may  be  prepared  in  a  similar 
manner,  or,  like  chloral,  from  the  product  of  the  action  of  an  excess  of  bromine 
on  anhydroos  alcohol.  It  is  a  colourless  heavy  oil,  of  peculiar  pungent  odour, 
boiling  at  173'*  (343°'4  F.) ;  it  appe^ua  to  behave  in  ovary  reipcct  like  triohlor- 
ethald^yde. 

(1639)  Higher  Homologues  op  Ethaldehyde. — In  their 

gcuerai  properties  the  higher  homologues  appear  to  closely 
resemble  ethaldehyde ;  but  as  the  series  is  ascended  they  become 
less  and  less  soluble  iu  water ;  and  the  same  is  true  of  most  of 
their  derivatives,  as  compared  witli  those  of  ethaldcliyde.  Most 
noteworthy,  however,  is  the  fact  that  the  tendency  to  combine 
with  other  bodies,  and  the  stability  of  the  resulting  compounds, 
diminishes  as  the  series  is  ascended. 

(1640)  PBOVAiDraTDi ;  pBOPioivio  OB  Pbofyuo  Aldshtbb  : 
C^,0  =  CH,.CH,.COM.>-Thie  aldehyde  has  been  prepared  by  the  oxidation  of 

propylic  alcohol,  aud  by  distillation  of  a  mixture  of  calcic  propionate  and  calcic 
formate;  it  is  produced  toijt'ther  with  acetone  on  heating  ;3-dichloropropane, 
CH,.CHC1.CH,C1,  with  water  at  210°— 220*'  (410°— 428*'  F.).  although 
3-di5r«HNopropane  yidda  mily  acetone  whan  thna  treated  (Linoonann,  Am, 
dm.  Pkarm.,  cki  64). 

In  odour  and  appearance,  propaldehyde  closely  resembles  ethaldehyde,  bot 
requires  five  times  its  volume  of  water  at  20°  (68°  F.)  to  dissolve  it;  according 
to  Linnemann  {loc.  cit.,  p.  22)  its  corrected  boiling  point  is  48°*8  (ii9°"8  F.), 
but  according  to  Rossi  {ihid.^  clix.  79)  it  boils  at  49°  5  (i2i°-i  F.)  under  the 
preaaoro  of  740  mm.  of  mercury ;  it  baa  the  sp.  gr.  '8074  at  31*  (69''8  F.). 
Pjpopaldehyde  readily  oxidiiee  on  exposure  to  the  air}  it  dissolves  in  a  con- 
centrated solution  of  eodic  hydric  eolphite  with  considerable  development  of 
heat,  the  resulting  compound  remaining  in  eolation ;  it  ia  very  readiljii  altered 
by  potassic  hydrate. 

(1641}  TBTiiALi>£H¥OSB :  Cfi^COR— Normal  Tetraldekjfd^ ;  JSmtj/rm 
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or  But^ie  AUwkgie:  CH,.CH,.CH,.COH.--TlMt  aldahjda  hat  otoiMd 
hj  diafcUbHom  of  a  mistue  of  calcio  butyviti  and  ctkie  fovmate,  but  hu  not 

yet  been  prepared  in  a  pure  state.  It  pos^iewses  the  peculiar  penetrating  odour 
which  characterizes  its  lower  homologues,  and  boils  at  about  75°  (167  K.) ; 
it  requires  about  27  parts  of  water  to  diMoive  it  (liieben  aud  iU^^i,  ibid.i 
dnU.  148). 

(1642)  mraldol;  Otayi«^uiU0iiy<r«or.4Mor*«CH..CH(OH).CH^OOH. 
— Tke  fiMVMftUm  of  this  oompound  from  etlialdehyde  has  already  beeo  discussed 

(pp.  717  —  719).  To  pn'pare  it,  one  part  of  etlialdehyde  is  mixed  with  one  part  of 
water  and  two  partx  ot  hvdrocliluric  acid,  and  the  niixture  i»  left  to  it**elf  for 
several  daya  at  a  temperature  of  15° — 20°  (59' — 68°  F.).  A»  aoou  as  it  baa 
aoquired  a  tawny  colour,  and  mxuXU  but  slightly  of  ftlMldebyda,  H  ia  nealnlind 
with  aolid  iodio  aivteiiata,  and  agitatad  aararal  tiroaa  witk  atliar ;  tha  ether  is 
than  diatilled  off  from  the  extract,  aad  the  residue  diatilled  under  reduced 
preeenre.  At  first  ether  and  water  pans  over,  and  afterwards,  between  90°  and 
105°  (194° — 221°  F.),  under  a  prei»^nre  of  20  mm.,  the  tetraldol  disiiU  over 
as  a  colourless  limpid  liquid.  It  is  niLncible  with  wa^  and  alcohol  in  all  pro* 
portions;  whan  haatad  abova  xoo^  {212^  F.)  undfr  tha  ocdinary  preaanit,  it 
be^ns  to  deoompoae  at  about  x'35*  (275^  F.)  into  water  and  crotonic  aldahyda, 
C^H.OjSsOAO  +  OHj.  It  is  a  powerful  reducing  agetit,  precipitating  cuprous 
oxide  from  an  alkaline  solution  ol'  a  cupric  salt,  and  metallic  silver  from  an 
ammoniacal  solution  of  argentic  nitrate;  it  is  violently  oxidized  by  nitric  and 
chromic  acids,  and  on  treatment  with  argentic  hydrate  is  converted  into  the 
aUm  aalt  of  the  ao^Ued  /S^xybutyrie  aoid,  CH,.CU(OH).t  1I,.OOOH.  Whan 
8ubmitt«Hl  to  the  action  of  naaoant  hydrogen,  it  yields  tha  l^yool 
CHj.CH(OH).CH,.CH,.OH.  It  combines  with  ammonia,  forming  a  compound 
which,  on  decompoaition  by  heat»  yialda  coUidina  or  an  iaomeric  body  and  other 
basic  products. 

Tetraldol  rapidly  undergoes  polymerization.  Although  perfectly  limpd 
whan  fleshly  distilled,  it  eoon  beoomes  visoid,  tha  change  being  attended  vitb 

development  of  heat,  and  if  allowed  to  stand  for  soma  weeks,  crystals  separate; 
This  crystalline  polymeride  is  also  easily  soluble  in  water  and  ali  ohol  ;  it  begins 
to  sollen  at  80°  (176°  F.),  and  distils  in  vacuo  between  90^  and  lOO*  (194"— 
212°  F.),  being  reconverted  into  the  liquid  modification. 

If  the  liquid  obtained  by  heating  ethaldehyde  with  water  and  hydroehlflrio 
acid  aa  above  deeeribed  be  aUowed  to  etand  oatil  it  aoqairea  a  brown  tint  and 
opaline  appearance,  and  be  then  neutraliaed  and  treated  with  ether,  <&c.,  a 
crystalline  product  is  obtained  which  is  apparently  formed  from  tetraldol  in 
preoiaeJjf  the  aama  manner  that  crotonic  aldehyde  is  formed  from  ethaldehyde : 

aCH.  COH  =  CH3.CH -CH.COH  +  0H^ 

Ethaidehjde.       Crotouic  aldehyde. 

aCHg.CH(OH).CH^COH  »  CH^CH(OH).CH,.CHziCH.CH(OH).CH^C»H 

The  "  aldol"  thna  pcodneed  ia  eoloble  in  hoiling  water,  bat  oiyataniiea  ont  in 

great  part  on  cooling  in  brilUant  aealeai  it  melta  ait  139*^  (282**'2  F.),  and 

distils  at  139**  (278°'6  F.)  under  a  pressure  of  20  mm.  of  mercury.  By 
digestion  with  argentic  hydrate  it  ia  converted  into  the oorrespooding  monobasic 
acid,  C\H  O^. 

TetraloM  abo  loeee  water  when  heated  ibr  aeveral  hours  at  60°  ( 1 40°  F.)  in 

*  The  term  aldol,  although  originally  assigned  by  Wurtz  to  the  compound 
under  discussion,  is  most  conveniently  employed  as  a  generic  term  to  denote  the 
hydroxyl  derivativea  of  aldehydes,  as  these  bodies  exhibit  properties  which  are 
is  part  chvictaMs  ef  aldehydea,  aii4  in  part  «f  ^kohola. 
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a  current  of  dry  air ;  it  then  thickens,  and  aoUdifiei*  on  cooling  to  a  colourless, 
tnmspwreat,  Tiioid  mut,  iiwolafalA  im  iMlMr(Wiirti,  Oompi,  Mend.phxtw.  1361; 
hxn.  1165V 

(1643)  THchloroUtruUtek^de  or  Trichhrobutyric  Aldekyde:  C,H^CI,.CO]I. 
— The  production  of  this  compound  from  ethaldeliyde  by  the  Jtction  of  chlorine  haa 
also  already  been  alluded  to,  and  the  manner  in  which  it  is  probably  formed 
explained  (p.  734).  The  aldehyde  must  be  weil  cooled  by  a  mixture  of  ice  and 
mltp  and  the  eblornie  at  fint  pMMd  v«rj  tlowlj  into  it;  mhm  the  gaa  mmm  to 
bft  abaorbad  to  any  cstant  in  Uw  eoild,  tlia  liquid  i»  slowly  heated  on  tha  water 
bath,  but  the  action  Ih  almost  complete  in  the  cold.  A  small  quantity  of  watef 
is  then  added,  and  sufficient  prpoipitat»^d  calcic  carbonate  nearly  to  neutralize  the 
hydrochloric  acid;  a  curr^^ntof  steam  is  subsequently  paused  through  thcliquid  heated 
to  about  110  (230^  F.)  in  an  oil  bath.  Crystalline  irichlorotetraldehjfdrol 
»  irieUorolmtaldekydrol  (p.  516).  C,II,CI,.CH(OH),.  then  panaa  over,  and 
may  be  pari6ed  by  xearyatalliiatton  from  hot  water  1  by  distilling  it  in  a  eamnt 
of  hydrochloric  acid  gas,  it  is  resolved  into  water  and  iricUor^itirdldtkjfde  or 
hieklorobu/yrir  ahlehyde*  C.H^CI,  COH. 

Trichlorotetraldehyde  is  a  colourless  oil  of  peculiar  odour,  which  boils  at 
164"  (327°-2  F.).  It  combines  more  readily  with  alcohol  to  form  the 
monethylin,  C,H  C1,.CH(0H).0€,H,.  than  with  water  to  fbrm  the  aldehydroU 
C,H^C1,.CH(0H),.  aleohol  decomposing  the  hitter  and  converting  it  into  tho 
former.  It  also  combines  with  other  substances,  entering  into  reaction  with 
various  bodies  in  the  same  way  as  trichlorethaldehyde,  although  less  readily;  more- 
over the  resulting  compounds  do  not  crystallize  with  the  same  facility,  and  are 
less  stable  than  those  derived  from  trichlorethaldehyde.  On  oxidation  with  nitrio 
aeid,  it  yielda  triohlorobutyrie  aeid,  C,H,C1,.C00H,  whieh  ia  alio  obtained  oa 
faaitng  chlorine  into  an  aqueoos  solution  of  the  aldehjdiol;  thb  acid  is  readily 
converted  by  the  action  of  reducing  agents  into  monochlorocrotonic  acid, 
CjH^Ol.COOH,  in  which,  however,  the  chlorine  is  only  with  difficulty  displaced 
by  hydrogen  (Kramer  and  Pinner,  Ann.  Chein.  PAar«.,  civ iii.  37;  Pinner, 
«^.,  clxxix.  2 1 ;  Samow,  ibid.,  clxiv.  93  -,  Qaraarolli-Thnmlah,  ikid.,  ckxui. 
81 ;  Bieehoir,  Dmt,  oAaai.  €ht.  Bsr.,  vii.  632  ;  Hepp,  ibid,,  ^  1490), 

The  eonstitiition  of  trichlorotetraldehyde  has  not  yet  been  ascertained  ;  from 
the  manner  in  whieh  it  is  formed,  however,  and  the  difficulty  of  displacing  the 
third  atom  of  chlorine,  it  may  be  inferred  that  the  chlorine  atoms  are  not 
all  associated  with  the  same  carbon  atom  ;  the  most  probable  formula  being 
either  OH^CHCI.OC],.COH  or  CU.CCl,  CU01.00H. 

(1644)  IkoteintUM^;  IMmipiear  InM^AhUk^.-  CH(CH,),.COH, 
may  be  obtained  by  distillation  of  a  mixture  of  calcic  isobntyiate  and  oaleia 
formate,  and  by  oxidation  of  isobutylic  alcohol  ;  in  the  latter  case  the  product  is 
contaminated  with  acetone  ;is  well  as  with  iKobutyrie  and  acetic  acids  and 
iaobutylic  isobutyrate.  and  can  only  be  separated  trum  the  acetone  with  difficulty 
(Kramer,  Dsnl  diaai.  Ou,  BrnMl  3$3 ;  Sohmidt,  »6m£.,  1361).  Aaeording  to 
Lmnemami  and  Zotta  {Amm.  Ckem.  jpkmrm*,  din.  35),  it  is  also  fennad  on 
heating  the  dibromotetrane  from  isobutylene,  CBr(CH,)2.CH  J^r,  with  water  at 
150°—  160°  (302° — 320**  F.).  Isotetraldehyde  is  a  colourless  mobile  liquid  of 
pungent  odour,  soluble  in  9  vols,  of  water  at  20°  (68'  F,) ;  it  boils  at  61* 
(l4i*'-8  F.),  and  at  20"  (68°  F.)  has  the  sp.  gr.  '803.  It  readily  forms  a 
oyatalUne  eompoond  with  hydrie  aodio  sulphite ;  it  is  apparently  raooh  n§n 


*  Hie  componnd  thna  obtained  was  long  rsfptrded  aa  a  ehlorinatad  derinn 

tive  of  crotonio  aldehyde,  and  termed  croton  chloral,  bnt  Pinner  and  GarzaroUib 
Thunilak's  recent  experiments  ( Detif.  rhem.  Ges.  Ber.,  viii.  1561 ;  AfM,  CSktm, 
Pharm,,  cluxiL  x8i)  have  shown  that  this  is  not  the  oaae. 
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sUUe  in  presence  of  potsMic  bjdrate  than  the  aldehjden  previously  dancribed. 
HydroeUorie  and  ralpbarie  amdb  eonveit  it  into  a  eryaUUine  polymoidab  wUdi 
molt*  at  60'  (140*  F.)  and  boils  at  194*  (38i'-a  P.)  (BKbaglia,  IkuL  ckm, 
Ges.  Her.,  v.  1052;  Markownikolf.  vi.  I176). 

(164-)  pKNTALOKnTDKs  :  ('^H..C"()H. — ^Yorwflt/  primary  Pentaldehyde : 
CHj.CHj.CHj.CHj.CUH,  obt&iued  \>y  distillation  of  a  mixture  of  normal  calcic 
pentykte  (valerate)  aod  oalm  Ibrmate,  boils  at  about  102'*  (2i3°'6  F.);  it 
raqoina  mora  ihao  30  timoa  Ha  Toluma  of  water  to  diaadve  it»  and  readily  fimidMi 
a  crvRtalline  compouiid  wilb  bydrio  aodio  aulphito  (Liabeo  and  Boaai,  A»m,  Cktm, 
JPharm.,  dix.  70). 

Imprnfalfhhyde  ;  Isovaleric  or  Isoamylie  Aldehyde ;  Valeral. — None  of  the 
iaopeiitHldeliyile.-*  have  been  prepared  in  a  pure  state,  but  a  mixture  of  Uoprop- 

aedaldeJkyde,  CH(CH J^CH^COH,  and  nuOetAat^taldekyde,  ^'jj'  CH.COH 

—the  so-called  raleral — is  formed  on  oxidizing  the  mixture  of  aloobobi  which 
constitute  ordinary  fermentation  amylic  alcohol,  the  alcohol  being  gradually 
added  to  a  mixture  of  potassic  dichromate,  sulphuric  acid  and  water,  maintained 
at  such  a  temperature  that  the  products  of  oxidation  at  ouoe  distil  over  (conip. 
Kriuner,  D0I1L  dkem.  6W.  Ber^  Ttl  354).  To  iaokto  the  aldebydes,  the 
prodnet  ia  nentraliaed  with  a  a(Jntioii  of  an  alkali,  and  ^  vemaioing  oil  well 
abaken  for  some  time  with  a  ooDoentrated  solution  <tf  eodic  hydric  snlphite ;  the 
rrystiils  which  Repj^rate  are  tlion  pressed  bttwi-en  linen,  washed  with  a  little  ether, 
dried,  and  then  decomposed  by  distiliation  with  a  oonoeutrated  solution  oi  sodie 
carbonate. 

Wbmi  purified  bj  netiiicatioii,  the  mixturt  of  aldahydaa  thua  obAaiiied  boib 
at  aboot  92°  (i97'**6  F.) ;  it  poaaemei  a  pungent  odour,  aonwwhat  liko  that  of 
apples,  and  excites  couf^hin^  when  inhaled.    A  number  of  derivatives  have  beeo 

prepared  from  this  mixture  of  aldehydes.  It  is  not  acted  ui>on  by  sulphuretted 
hydro^n  alone,  but  when  thih«  is  passed  into  its  aqueoun  solution  crystals  of 
the  corresponding  thioaldchyde  are  obtained.  This  compound  is  insoluble  b 
water,  but  ^Ueaolvca  in  aloobol  and  ether,  separating  from  ibe  latter  in  iHute 
afbeatoa-Uke  oysbili,  whieb  melt  at  69"*  (i56°'2  F.)  ;  it  may  be  voUtUiied 
,  undianged  in  vacuo,  its  vapour  density  corresponding  with,  the  formula  C,H,8. 
A  correfiponding  selentetraldehyde  may  be  obtained  by  the  aoUon  of  aebniarettad 
hydroi^en  (Schroeder,  Deut.  chem,  Ges.  Ber.,  iv.  402). 

When  valeral  is  shaken  with  ammonia  solution,  the  liquid  soon  solidities  to 
a  maaa  of  erystals  of  the  oompoaition  C,H,.CH(OH).NH,  +  70ii,,  ineolnble 
in  water,  but  soluble  in  aloohol  and  ether ;  when  fuse^i  they  deoompoee  inte 
water  and  the  anhydrous  compound  C\Hy.CH(OH).NHj  (H.  Strecker). 

The  anhydrous  compound  of  valeral  w  ith  ammonia,  like  that  of  ethaldehyde, 
may  be  volatilized  unchanged  in  vacuo  (Schroe<ler) ;  it  also  resembles  that  of 
ethaldehyde  in  its  behaviour  with  hydrocyanic  acid,  sulphuretted  hydrogen  and 
earbonie  bisulpbide,  and  when  heated  (comp.  Hufher»  Jomm,  pr.  C4«m.  [2]. 
i.  6;  8diroeder,  loc.  ri7. ;  Lubavin,  ibid.,  v.  iioi).  Valeral  alao  appears  to 
enter  into  reaction  with  acid  amides,  to  form  compounds  inalogous  to  thoee 
derived  from  ethaldehyde;  thus,  on  the  addition  of  a  mirmte  quantity  of  hydro- 
chloric acid  to  a  solution  of  ethylic  carbamate,  2^H,.C00€,lIj,  in  valeral,  the 
liquid  becomes  warm,  and  eoon  aolidiBea  to  a  maaa  of  dyatale  of  the  compound 
C\H,.CH(NH.OOOC,H.),  (Biaehdr,  Deui,  ekem.  €ht,  Ber.,  vii.  633). 

It  is  partially  converted  into  a  rrystalline  polymeride  when  allowed  to 
lamain  for  some  time  in  contact  with  p«»ta8sic  carbonate  (Bruylanb*.  ibid.,  viii. 
414).  Polymerides  and  condensation  products,  amongst  others*  the  aldehj'de 
1I.,0,  which  bears  to  it  the  same  relation  that  crotonic  aldehyde  bears  to 
ethaldehyde,  are  alao  obtained  on  heating  it  abne  or  with  aodium  (Borodin), 
tine  (BibiD),  or  linw  (FitHg) ;  and  a  heuhlorinated  deri?ati?a  of  the  aldehyde 


Digitized  by  Google 


1648.] 


HBZAIiDSHYOB — HBPTALOBHYOI, 


731 


C'l^HjjO  is  produced  on  saturating  lateral  with  chlorine,  a  monochlorvaleral 
being  formed  when  the  action  of  chlorine  la  carried  on  for  a  short  time  onljr 
(Schroeder,  loc.  cit.).  The  aldahyde  C^^H^O  it  also  Ibnned  bj  the  aolioa  of 
sbeio  6thide  (Bieth  and  Beilatciu),  and  of  solid  polaasie  hydrate  at  {31^  F.)» 
00  valerai  (Borodin). 

(1646)  Hexaldertt>BS  :  CjH,j.COH. — Normal  priman/  Hexaldehyde  : 
CH,.CH,.rH..CH,.CH,.C()H,  obtained  by  the  distillation  of  a  "mixture  of  calcic 
normal  hex^late  (caproatej  and  calcic  formate,  is  a  colourless  liquid,  possessing  the 
diacaotoriskio  aldehyde  odour,  which  boils  al  ia7'''9  (262**af  F.)  under  a  pras* 
sare  of  737*6  mm.  of  mercnrj,  and  at  {^2*  P.)  haa  the  ifb  gr.  '8498.  It 
oxidizes  wtUi  reniarinble  facility  on  eipoeure  to  the  air  (Ueben  and  Janeek.  Anm, 
OAem.  Pharm.,  clxixvil  130). 

According  to  Pinner  {Deut.  chem.  Gex.  JBer.,  x.  1052),  a  tricliIoririJtted 
hex^lic  aldehyde  is  formed  in  small  quantity  in  the  preparation  of  Irichloro* 
butyric  aldehyde  by  the  aetion     ehlorine  on  ethaMehyde. 

By  distillation  of  the  calcic  salt  of  the  caproio  acid  from  optically  inactive 
•mylie  alcohol  with  calcic  formate,  Rossi  obtitined  an  aldehyde  boiling  at  I3I* 
(249'**8  F.),  which  doubtless  oonMisted  chiefly,  if  not  entirely,  of  the  isoprimary 
hexaldehyde  (CH,)/'!!  CH^.CIL  COII. 

(1647)  lioBMAL  Heptaldehyde;  Otnanthol :  Cl£,.(CH,)j.COH. — This 
aldehyde  ia  Ibnned  on  oxidation  of  normal  heptytie  alcohol,  and  is  the 
chief  prodoet  of  the  diy  distillation  of  castor  oil :  to  prepare  it,  the  4n1  is 
distilled  as  rapidly  as  poxsible.  and  the  crude  distillate  is  shaken  with 
a  concentrated  solution  of  hydric  sodic  sulphite ;  the  crystals  which 
separate  are  purified  by  washing  and  pressing,  and  then  decomposed  bj  dis- 
tillation with  sodio  carbonate  solution,  the  distillation  being  b<r<t  performed  in 
a  correot  of  steam.  It  is  a  eolonrleas  oily  liquid,  of  peculiar  nnpleasaot  smell, 
which  boils  at  154*  (309'*-2  F.).  HeptaUU-hyde  appears  closely  to  resemble 
ethaldehyde  in  its  behaviour  with  ammonia,  and  with  amines  and  acid  amides 
(comp.  Schiff,  Ann.  Chem.  Pharm..  Sup  ,  iii.  351  ;  vi.  24;  Med'CUi*.  ibiil., 
clvii.  44).  By  its  action  on  urea  under  various  conditions,  Schill'(tii</.,  cli.  186) 
has  obtained  a  series  of  bodies  formed  by  the  separation  of  ^e  oxygen  of  the 
aUebydo  in  combination  with  hydrogen  from  the  urea:  the  dinreide, 
C.Hj(NH.CO.NHJ^  being  pradnced  on  mixing  alcoholic  solutions  of  the 

two  substances,  and  the  tnoreide  CO  <  2^HC  H   \H  rONH  !  ®°  tnt«nrtang 

I  '714*  .        .  • 

dry  urea  with  heptaldehyde ;  still  more  complex  bodies  are  readily  formed  on 
digesting  theee  two  compounds  with  the  aldehyde.  The  di*  and  triureide  are 
crystalline,  but  the  more  complex  bodice  are  amorphous ;  they  are  destitute  of 

basic  properties,  and  also  have  lost  the  power  possessed  by  urea  of  combining 
with  metallic  oxides ;  they  are  readily  decompoeed  by  dilute  acids,  the  aidehy£ 
and  urea  being  regenerated. 

(1648)  Ukxdecaldehtde;  Celj/lic  or  Palmitic  Aldehyde:  C,jH„.COII. — 
According  to  FrUau  and  DoUfus  {Ann,  Chem.  PAarm,t  cxxxi.  287),  this  aldehyde 
ia  Ibnned  by  oxidation  of  cetylic  alcohol,  and  is  a  crystalline  substance  melting  at 
aboot  50*  (t22^  p.),  almost  insoluble  in  cold  alcohol ;  it  does  not  appear  to 
combine  with  ammonia  or  acid  sulphites,  and  has  but  very  feeble  reducing  powers* 
It",  however,  the  so-rallctl  cetylic  alcohol  is  a  mixture  of  homologous  alcohols,  as 
Ueintz  supposes,  the  aldehyde  thus  obtained  is  doubtless  also  a  mixture. 

§  II.  Aldbhtdbs  op  thb  C„II^_^.C0H  Sbriss. 

Tlie  only  aldehydes  of  this  scries  which  have  been  investigated 
are  acrylic  aldehyde  or  acrolein,  C.^II^O,  and  crotonic  aldehyde, 
C^H^O  i  it  has  been  showu^  however^  that  their  homuJogues  ma^ 
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be  obtuned  from  the  aldehydes  of  the  acetic  aeiies  in  aame 
manner  tbat  the  latter  in  formed  from  ethaldehyde. 

(1649)    ACRALUEHYDE    OR     ACRYLlC     ALDEHYDE;      ACTOleifl  : 

C2H3.COH  =  CH.— CH.COH.— This  aldehyde  appears  to  be  the 
first  prcxluet  of  tlie  oxidation  of  the  correspouding  alcohol,  allylic 
alcohol  (conip.  p.  466),  but  on  account  of  the  readiness  with 
wbich  it  undergoes  further  oxidation,  it  cannot  be  prepared  in 
this  way.     It  is  a  constant  product  ot  the  destructive  distillation 
of  all  fats  containing  glyceric  salts  (giyeerides),  and  is  obtained 
in  considerable  quantity  on  distilling  glycerol  (glycerin)  with 
bodies  such  as  phosphoric  anhydride  or  hydric  potassic  sulphate. 
The  ))est  method  of  preparing  it  is  to  distil  a  mixtore  of  one  part 
of  dehydrated  glycerol  and  two  parts  bydnc  potaaric  sulphate, 
collecting  the  distillate  in  a  receiver  containing  a  considerable 
quantity  of  calcic  chloride  and  a  little  plumbic  oxide^  which  is 
well  cooled  by  a  mixture  of  ice  and  salt ;  the  distillate  is  then 
twice  rectified  from  calcic  chloride  on  the  water  bath  (Hiibiier 
and  GentheTi  Jim.  Chem,  Pharm,,  cuv.  55;  Aronstein^  iM, 
iii.  180).  When  the  mixture  is  heated,  the  snlphate  gndnally 
dinolves^  and  chiefly  water  passes  oyer ;  after  a  time  the  liquid 
froths  considerably^  but  later  on  again  boils  timnquillj,  and  yery 
little  water  is  produced,  the  distillate  oonsistiDg  chiefly  of  acroleiii. 
It  would  appear,  therefore,  that  a  glyceric  potassic  sulphate  and 
water  are  first  formed,  and  that  the  aldehyde  is  the  product  of 
the  decomposition  of  the  salt  by  heal    The  calcic  cUoride  and 
plumbic  oxide  are  used  with  the  object  of  at  once  removing  the 
water  and  sulphurous  acid  from  the  distillate,  in  presence  of 
which  the  acrolein  rapidly  undergoes  change. 

Acraldehyde  is  a  mobile,  colourlesi;  licjuid,  which  exercises  an 
intensely  irritating  action  on  the  eyes  and  nose,  a  few  drops  diffused 
tliruugh  a  room  rendering  the  atmosphere  entirely  insupportable ; 
it  boils  at  ')2°'^  {116^'^  V.).  It  is  li;,'liter  than  water,  of  winch 
about  40  parts  are  required  to  dissolve  it  ;  alcohol  and  ether 
dissolve  it  in  all  proportions.  Pure  acraldehyde  may  apparently 
be  preserved  unchanged,  at  least  for  a  considerable  period ;  but 
as  ordinarily  prepared  it  soon  change's  spontaneously  into  a  white 
amorphous  solid  substance,  called  by  Bedteubacher  duMeryl, 
which  is  probably  a  polymcride,  and  more  rarely  into  a  resinous 
body,  the  so-called  disacrylretm.  It  is  also  very  readily  resinised 
by  caustic  alkalies  (oomp.  Clans,  ibid.,  Sup.,  ii.  120).  Most 
oxidiiing  agents  decompose  it  completely,  but  when  it  is  care- 
fblly  acted  upon  by  argentic  oxide,  the  silver  salt  of  the  cor- 
responding add,  aerffHe  amd,  CgH^.COOH,  is  produced.  Nascent 
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bydrogen  converts  it  into  allylic  aloohol  (Clans,  Deui,  ehem.  Get, 
Ber.,  iii.  404) ;  at  the  same  time  a  body  of  the  composition 
C^Hj^O, =203X1^0+11,  is  produced  (Linnemann,  Am.  Chem, 
Pkarm.,  Sup.,  iii.  268),  which  is  probably  a  dihydric  alcohol 
bearing  the  same  relation  to  the  parent  aldehyde  that  the  buty- 
leuie  glycol  CH3.CH(0H).CH,.CH,(0II}  bears  to  cthaldehyde. 

If  hydrochloric  acid  gas  be  passed  into  well-cooled  acraUehyde,  it  is  rapidly 
ab^rbed,  the  Uqaid  becomiug  viscid ;  if  the  product  he  i'reed  from  the  excess 
of  add  by  washing  with  oold  water,  and  then  exposed  over  sulphuric  acid,  it 
•oUdifiM  to  a  white  oryttaUise  man  of  the  oompoeition  C,H,C10  =>  CJ  [  +  HCI. 
This  body  melte  at  32^  (^9^*6  i  it  is  insoluble  in  water,  but  readily  soluble  in 
alcohol  and  ether,  and  if  pure  IMJ  be  heated  with  tiiese  liquids,  and  even  with 
dilute  alkalies,  without  underijoinw  appreciable  alteration.  It  reduces  an  ammo- 
niacal  silver  soiutiou  also  oulj  v«ry  slowly.  When  distilled  alone,  it  in  resolved 
into  aoraldehyde  and  hydfoehlorio  leid ;  oooeentrated  hydcoelorioacid,  and  dilate 
•olpborie  aod  nitrio  aoide  also  dceompoee  it  with  formation  of  aeralddiyde.  When 
it  is  gently  heated  with  about  an  equid  weight  of  potassic  hydrate,  an  oil  passes  over 
which  soon  solidifies  to  a  inassof  crystals  of  a  polymeride  of  acraldehyde,  the  so-called 
metacrolein.  This  forniH  long  needles  of  peculiar  aromatic  odour,  which  melt  at 
50^  (122"  F.);  it  is  only  very  slightly  soluble  in  hot  water,  but  easily  soluble  in 
aloohoL  Whn  distilled  akme,  it  b  in  great  part  feooof erled  into  aoraldehyde, 
whieh  ti  aleo  formed  from  it  by  the  aetion  of  adde ;  it  eombinee  with  hydro- 
chlorie  aeid,  formin*,'  the  oompoand  above  deesflbed  (Geuther  and  Cartmell, 
ihid.,  oxii.  3).  From  the  reactions  of  the  compound  formed  by  the  action  of 
hydrochloric  acid  gas  on  acraldehyde,  it  appears  probable  tliat  it  is  in  reality  a 
oomponnd  of  metacrolein  with  hydrochloric  acid,  and  that  the  llr^t  action  of  the 
letter  ie  to  polymerise  the  aldehyde — that  is  to  eay,  that  it  ie  a  polymeride  of  a 
eUoroptopeldehyde— piobaUy  of  thai  having  the  fovmola  CH,.CUC1.CX)H. 

Chlorine  and  bromine  readily  combine  directly  with  acralde- 
hyde, forming  dichloro-  and  dibromo-derivatives  of  propaldchyde ; 
the  dibroraide  is  converted  into  a  dibromopropiouic  acid  on 
oxidation  with  nitric  acid,  identical  with  that  formed  on 
oxidizing  the  dibromopropylic  alcohol  obtained  by  combining 
allylic  alcohol  with  bromine  (Linncuiann  and  Penl^  Duui.  chem, 
Ber.,  viii.  1097  ;  Tollens,  iind.,  1448). 

Acraldehyde  is  violently  acted  npon  by  phosphoric  penta- 
chloride ;  according  to  Geuther  {Jahresb.,  1 864,  333),  the 
product  is  a  mixture  of  the  two  dichloropropylenes 
Ca^CH,CHCl,  and  CH,ZICC1.CII,C1. 

It  unites  with  a  single  molecule  of  acetic  anhydride,  but 
-with  two  molecules  of  acetic  chloride  (Aronstein,  Am,  Chem* 
J^harm,,  Sup.,  iii.  193). 

Acraldehyde  oombines  readily  with  sodio  hydric  sulphite, 
foming  the  sodic  salt  of  the  oxypropanedisulphonic  addj 
OH3.CH(S0,H).CH(0U).S0sH ;  this  latter  is  decomposed  by 
alkalies^  and  converted  into  propaldehydosulphouic  acid, 
CH,.CH(S03lI).C0H,  which^  on  oxidation  with  argentic  oxide^ 
8  8c 
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yields  sulphopropioiiic  acid,  CIl3.CH(S0^,H)  COOH,  aud  >Yhcn 
submitted  to  tlic  action  of  nascent  hydrogen  is  converted  into 
oxypropaiusulplionic  acid,  Cir..ClI(S03Hj.CH,(0n),  identical 
with  tliat  formed  by  combining  allylic  alcohol  with  acid  sulphites, 
aud  by  the  action  of  sulphuric  anhydride  on  propylic  alcohol 
(Miiller,  Dtui.  chtm.  Ges.  Rer.y  vi.  1441). 

When  a  Mcll-cooled  solution  of  acraldehyde  in  at  most  an  equal 
Tolume  of  absolute  alcohol  or  ether  is  satumted  with  ammonia, 
and  then  mixed  with  ether,  a  white  or  yellowish  amorphous 
precipitate  of  the  composition  C,H,NO  =  2CgH^O-|-NH3— OHj 
is  obtained^  the  compound  corresponding  to  that  formed  by  the 
direct  union  of  ethaldehyde  and  ammonia  being  unknown. 
"When  this  so-called  acrolein-ammonia  is  submitted  to  dry  dis- 
tillation, it  yields  pwolme,  and  other  basic  substances  of 
unknown  composition  (Baeyer,  Am^  Chem.  Pharm,,  dv.  283). 

Aniline  acts  violently  on  acraldehyde,  forming  with  it  the 
compound  C,gH,yNg= 2C3IIP+  iNHg.C.Hj-iOHg  (Schiflf).  It 
is  also  readily  acted  upon  by  ammonic  thiohydrate,  and  couTcrted 
into  acrothuUdm,  which,  however,  does  not  precisely  correspond 
in  composition  to  thialdin  (p.  739),  as  it  contains  the  elements  of 
3  mols.  acraldehyde,  i  mol.  ammonia,  and  i  mol.  sulphuretted 
hydrogen  (Schiff).  Cyanic  acid  converts  acraldehyde  into  the 
compound  CjH-NjOg,  isologoua  with  trigenic  acid  (Melms,  Dent, 
chem.  Ges.  Ber.,  iii.  7.59). 

(1650)  ChuTonaldeuyde  or  rrotonic  (ihhhi/de :  CHj.CIIZZCH  COII. 
=  C^lIjO — This  aldfhyde  i«  bet«t  prepared  by  heating  ethaldehyde  mixed  with  a 
very  imall  quantity  of  zinde  ehbride  sad  a  Um  drops  of  water  in  eloaed  vcMeb 
sodb  aa  aoda-watpr  bottles  for  one  or  two  days  at  100°  (212^  F.).  The 
unchanged  ethaldeliyde  is  dintilled  off  on  the  water  bath,  and  a  current  of  steam 
tbeti  pn$t<ed  throuj^li  the  residue,  which  carries  over  the  crotonaldoh  vde ;  the 
I  ttter  partly  swims  ai«  an  oily  layer  on  the  surface  of  the  water  and  partly 
dissolves  in  the  water,  from  which  it  i«  separated  by  distillation,  dried  orer 
caloie  chloride  sad  ratified. 

Crotontldehyde  u  a  colourless  liqaid,  roodnately  aoluble  in  water,  twiling  at 
104® — 105**  (2i9**2 — 221'^  F.);  at  Brut  it  appears  to  hare  a  pleasant  fruity 
odour,  which,  however,  afterwards  becomes  very  pungent  and  similar  to  that  of 
acraldehyde.  It  absorbs  oxygen  on  exposure  to  the  air,  being  converted  into 
crotonic  acid,  CH,.CiIZZCli.COOH,  the  silver  salt  of  which  is  formed  on 
wanning  ita  aqueoue  edution  with  srgentio  oxide ;  when  oxidised  by  chromie  or 
nitric  acid,  it  yields  chiefly  acetic  acid.  Phosphoric  pentachloride  converts  it 
into  dichlorobutvlene,  CH,.CHllClI.CHCl..  Crutonaldehvde  combines  rendilv 
with  hydrochloric  acid  gas,  forming  rhluruhulyrir  ahithtftic,  CJl.CiO,  which 
crystallizes  in  thick  white  needles,  ins<duble  in  water,  melting  at  (204^"8  F.); 
on  boiling  it  with  Ful[)hurie  acid,  crotonaldehyde  ia  rv-formed ;  on  oxidation  with 
cfaroniio  add  it  yields  a  oonMderable  qnantity  of  acetic  add,  but  no  chlorobutyrie 
acid  is  produced  :  hence  it  ap})ears  probable  that,  like  the  corresponding  acr.ili'e* 
ljydi>  derivative,  it  may  be  formed  from  a  polymeride  of  the  parent  aldehyde 
(Kekul^,  Ann.  Chem,  l^hai-nt ,  dxii.  96). 
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§  in.  Aldkhtdbb  of  the  CnH2u.7.COH  Sbeub. 

Tlie  only  aldehydes  of  this  series  at  preseut  known  are  the 
following ; 

Benzoic  aldehjrde   C,H,.COH. 

Paratoluic  or  paramethylbenzoic  aldehyde  CHj.C^H^.COH. 

Q.Toluic  or  phenylacetio  aWebyde.    .    .  C.H^.CH^.COH. 

Cumic  aldehyde   C,H,.CU^.CUH. 

Sycocerylio  aldehyde  

(1651)  Benzoic  Aldeoyde  or  Benzaldehyde;  Benzoyl  hydride; 
Bitter  almond  oil:  C7HgO  =  CJI,COH.— Tliis  aldehyde,  which 
forms  the  principal  constituent  of  the  volatile  oil  of  bitter  almonds, 
obtained  by  distilling  bitter  almonds,  the  leaves  of  the  chorrA  -laurel^ 
peach  and  cherry  kernels,  &e.,  with  water,  may  be  obtained  by 
▼arioos  reactions. — (i)  By  the  general  method  of  distilling  a 
mixture  of  calcic  bencoate  and  formate.  (2)  By  the  action  of 
oxidizing  agents,  not  only  on  benzylic  alcohol,  CfH|.CH,(OH)j 
bnt  also  on  numerous  other  compounds,  as  stilbene,  hydro- 
benzoin,  mandelic  add,  albumin,  gelatin,  &c.  (3)  By  passing 
the  Tapour  of  benzoic  chloride,  H^.COCl,  mixed  with  hydrogen 
over  heated,  finely  divided  palladium.  (4)  By  the  action  of  zinc 
and  hydrochloric  acid  on  benzoic  cyanide,  CglL.CO.GN.  (5)  By 
the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  (0-2)  di- 
cUorotoluene:  C^H^.GHCls+aKHO^CJIg.COH  +  2KCr+0H,; 
and  also  by  beating  this  compound  with  water  or  metallic 
oxides ;  or  by  treating  it  with  concentrated  sulphuric  acid, 
C,H-.CHCl,  +  2H,SO,==2llCl  +  C,H3.CH(S(),Il),,  and  distilling 
the  product  with  water.  (6)  By  heatijig  (0—1)  mouochlorotoluene 
or  benzylic  eliloride  w  ith  dilute  nitric  acid,  or  Ijctter  with  plumbic 
nitrate  and  water ;  much  benzoic  acid  is  formed  at  the  same 
time,  however. 

Benzoic  aldeliyde  is  usually  prepared  from  bitter  almond  oil, 
which  besides  the  aldehvde  contains  hvdrocvanic  acid,  &c.,  from 
which  it  may  be  purified  by  a^itatiii;:;  the  crude  oil  cither  with 
calcic  hydrate,  water,  and  ferrous  chloride,  and  then  rectifying  ; 
or  with  a  concentrated  solution  of  hydric  sodic  sulphite,  after 
removal  of  the  mother  liquors,  and  purifying  the  crystals  of  the 
compound  of  the  aldehyde  with  the  sulphite  which  separate,  by 
washing  them  with  cold  alcohol  and  recr^stallising  tlicm  from 
water;  finally  decomposing  them  by  distillation  with  sodic  carbonate 
and  water.  It  has  also  been  prepared  on  a  commercial  scale  by 
the  action  of  sulphuric  add  on  0-2  dichlorotoloene. 

Pure  benzoic  aldehyde  is  a  colourless  liquid  of  high  refractive 
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power,  haviug  a  pleasant  aromatic  odour,  and  burning  taste,  of 
the  specific  gravity  i'o63  at  0°  (32°?.).  It  boils  at  180° 
(356*^*7  F.).  It  requires  30  parts  of  water  for  solution,  but  is 
miscible  in  all  proportions  with  alcohol  or  ether. 

Benzoic  aldehyde  is  a  much  more  stable  compound  than  the 
aldehydes  of  the  series  previously  considered.  It  does  not 
exhibit  the  least  tendency  to  polymerize,  nor  does  it  undergo 
condensation  in  presence  of  minute  quantities  of  foreign  bodies ; 
it  also  readily  furtiisbes  a  number  of  well-characterized  sub- 
atitatioD.  derivatives.  It  gradually  oxidizes  on  exposure  to 
moist  air,  but  doea  not  reduce  ailver  solutions ;  ordinary  oxi- 
dizing agents  converting  it  into  benzoic  acid,  CgH^.COOH.  The 
potassic  salt  of  this  acid  is  formed  wlien  it  is  heated  with 
potassic  hydrate,  hydrogen  being  evolved;  but  if  an  alcoholic 
Bolution  of  potassic  hydrate  be  employed,  benzylic  alcohol  is  also 
produced,  the  hydroge&  resulting  the  oonTenion  of  a  portion 
of  the  aldehyde  into  bensoate  reducing  another  portion  of  the 
aldehyde.  Benzylic  alcohol  is  also  produced  together  with  hydro- 
bensoin  and  isohydrobensoin  (1523)  by  the  action  of  sodium 
amalgam,  sine  and  hydrochloric  acid,  kc,  on  benzaldehyde. 

Chlorine  and  bromine  readily  act  on  bensaldehyde,  displacuig 
the  hydrogen  of  tiie  COH  group ;  when  eUorine  is  employed, 
together  with  benzoic  or  benzoyl  chloride,  C^H^.COCl,  a  com- 
pound formed  by  the  union  of  benzoic  chloride  witii  bennddehyde, 
CgHg.CHCKCgH^.COO),  is  also  produced.  It  crystallizes  in 
shining  laminae,  and  is  dcconijMJsed  by  water  into  benzaldehyde, 
benzoic  acid,  and  hydrochloric  acid.  Phosphoric  pcntachloride 
converts  beazaldehydc  into  (0—2)  dichlorutoluene,  C^H-.CHClj. 

By  heating  benzaldehyde  with  acetic  anhydride  at  150^ 
(302°  F.),  it  is  converted  into  the  diacetin,  CgH5.CII(C.,HjjOj)y 
which  may  also  be  obtained  by  heating  (0—2)  diclilorotoluene 
with  argentic  acetate  :  this  compound  crystallizes  very  readily, 
and  melts  at  45^  (1 13°  F.). 

Benzaldehyde  forms  crystalline  compounds  with  the  acid 
sulphites  of  potassium  and  sodium,  which  are  readily  decomposed 
by  adds  and  alkalies. 

According  to  Uerzfeld  {Dmi.  chem,  Get^Ber.,  x.  1371),  bens- 
aldehyde absorbs  only  about  11  per  cent,  of  its  weight  of 
ammonia  when  submitted  to  the  action  of  this  gas ;  on  exposing 
the  product  in  vacuo  over  sulphuric  acid  it  is  gradually  converted 
into  hydrobenzamide :  C^Ui^,  =  3PJHl^.COR  +  -3OH1. 
The  latter  compound  is  also  slowly  produced  on  digesting  benz- 
aldehyde with  aqueous  ammonia.    It  forms  oolouilesa  crystals, 
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insoluble  in  Tvatcr,  by  heating  with  which  it  is  gradually  recoTi- 
verted  iuto  its  generators  ;  hydrobenzamide  is  a  perfectly  neutral 
substance,  but  when  heated  alone  for  some  time  at  about  130° 
(266°  F.),  or  boiled  with  potassic  hydrate  solution,  it  is  converted 
into  an  isomeric,  powerfully  basic  substance,  amarine,  which  is 
also  formed  on  digestiDg  benzaldehyde  with  aa  alooholio  solution 
of  ammonia. 

On  digesting  bensaldehyde  with  ammonic  sulphide  solution, 
a  crystalline  compound  is  obtained  which  apparently  oonsists  of 
thiobenzaldine,  (?)  Cj^Ui^S,. 

Bensaldehyde  resembles  ethaldehyde  in  its  behaviour  with 
aniline ;  the  two  bodies  at  once  enter  into  reaction  with  separa- 
tion of  water,  forming  a  crystalline  compound  of  the  formula 
C^HJN,=aCjH,.COH  +  2CgII,.NH,-aOHj,  which  is  entirely 
destitute  of  basic  properties,  however.  It  also  acts  in  a  similar 
manner  on  acid  amides;  thus  a  mixture  of  bensaldehyde 
and  acetamide,  heated  to  boiling  for  some  time,  yields  the  com- 
pound C^H^.CHlNH.CO.CH,),;  and  analogous  bodies  may  be 
prepared  in  a  similar  manner  from  the  homolognes  of  acetamide 
and  from  benzamide  (Roth,  Ann.  Chem.  Pharm.,  cliv.  72).  On 
adding  a  small  quantity  of  hydrochloric  acid  to  a  solution  of 
ethylic  carbonate  in  benzaldchydc,  the  liquid  at  once  solidifies  to 
a  mass  of  crystals  of  the  compound  C„H..CH(NH.C()()C,H5)3 
(Bischoff,  Deiit.  chem.  Gcs.  Ber.,  vii.  634).  On  adding  benz- 
aldehvde  to  an  alcoholic  solution  of  urea,  a  mass  of  crystals  of 
the  dmreide  C8lI..CH(Xli.CO.Nn2).,  is  soon  formed;  and  by 
heating  the  dry  substances  together,  the  triureide  and  still  more 
complex  bodies  are  toruied  (Schiff). 

Beuzaldehvde  unites  with  hydrocyanic  acid  to  form  the  com- 
pound  CgH5.CH(0H),CN,  which  is  decomposed  into  its  gene- 
rators even  by  warm  water ;  when  digested  with  hydrochloric  acid 
it  is  converted  into  mandelic  acid,  CgH^.CH(OH).COOU.  This 
add  is  most  readily  prepared  by  gently  boiling  a  mixture  of 
bensaldehyde,  hydrocyanic  acid,  and  dilute  hydrochloric  add  in 
a  flask  attached  to  a  reversed  condenser.  If  a  mixture  of  bens- 
aldehyde, hydnN^anic  add,  and  of  a  saturated  solution  of  hydro- 
chloric sdd  be  allowed  to  stand  for  some  time  at  the  ordinary 
temperature,  a  aystalline  substance  of  ihe  formula  C|,H,^0, 
is  obtained;  it  mdts  at  195^  (385^  F.);  when  heated  with 
hydrochloric  add,  it  is  decomposed  with  formation  of  bensalde- 
hyde, mandelic  add,  and  ammonie  chloride  (Zinin,  Zeit.  Ckem, 
[2],  iv.  709),  and  probably  therefore  is  a  compound  of  the 
formula  C«Hs.CH(OH).O.CH(CN).C0H^.    A  stiU  mare  compleK 
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compound,  the  so-called  benzimide  of  Laurent,  CogHj^NjO.,,  is 
said  to  be  formed  when  a  mixture  of  benzaldehyde  and  hydro- 
cyanic acid  is  heated  with  au  ulct)holic  solution  of  potassic 
hydrate.  In  presence  of  a  dilute  alcoholic  solution  of  potassic 
cyanide,  benzaldehyde  undergoes  a  most  reniarkahle  transforma- 
tion, bcini^M  on  verted  into  benzoin,  CgIL.CO.CH{OJi  j.C^Iij,  which 
it  may  be  supj)osed  is  formed  by  condensation  of  2  mols.  of  the 
compound  CgH5.CU(0H).CN  (comp.  Ziucke,  Deut,  chem,  Gts, 
Ber.,  ix.  1772). 

Benzaldehyde  appears  to  enter  into  reaction  with  all  the 
phenols  in  a  similar  manner,  first  forming  a  compound  containing 
the  elements  of  a  molecule  of  aldehyde  and  of  a  molecule  of  the 
phenol,  irom  'which,  in  the  second  stage  of  the  reaction,  a  more 
complex  substance  results  by  the  union  of  two  molecules  with 
separation  of  the  elements  of  a  molecule  of  water.  Thus  by  the 
action  of  phenol  on  benzaldehyde  in  presence  of  sulphuric  acid, 
probably  the  compound  CfH^.GH(0H}.CQH4.0H  is  fint  produced, 
two  molecules  of  which  then  unite  with  separation  of  the  elements 
of  a  molecule  of  water.  Similarly,  when  a  mixture  of  bensaldehyde 
and  pyrogallol  in  heated,  a  reddish-brown  resuious  mass  is 
obtained,  consisting  chiefly  of  a  difficultly-crystaUisable  resinous 
body  of  the  composition  C^H^p^  and  a  red  oxidatbn  product ; 
the  former  substance  is  at  once  obtained  in  a  pure  state  on 
mixing  a  cold  solution  of  pyrogallol  in  hydrochloric  acid  with  a 
cold,  well-incorporated  mixture  of  benzaldehyde  and  a  large 
quantity  of  hydrochloric  acid :  after  a  few  seconds  the  solution 
becomes  turbid,  aud  deposits  the  perfectly  colourless  substance. 
On  heating  the  product,  a  part  becomes  red,  and  a  part  is  con- 
verted iuto  a  crystalline  substance  of  the  same  composition  : 
the  latter  is  at  once  obtained  when  very  concentrated  solution 
of  hydrochloric  acid  is  added  in  small  portions  at  a  time  to  a 
boiling  solution  of  pyrogallol  aud  benzaldehyde  in  a  large  quan- 
tity of  absolute  alcohol  until  the  precipitate  no  longer  increases 
in  amouut  (Baeyer,  Deut,  chem.  Ges.  Ber.,  v.  280).  Probably  iu 
this  case  the  first  action  is  between  the  pyrogallol  and  the  com* 
pound  of  the  aldehyde  with  hydrochloric  acid ;  thus : 

C^,.CHC1(0H)  +  C,H,(OH),  =  C,n,.CH(OH).C,H,(OH),  +  HCl. 

It  was  first  shown  by  Ber tsLgnim  {Ann.  Chem.  Pharm.,c,  125), 
and  afterwards  confirmed  by  Krant  (i^tdL,  cxlvii.  110),  that 
when  benxaldehyde  is  heated  for  some  hours  with  acetic  chloride 
at  130^ — 130^  (248^ — a66^  >  viicid  mass  is  obtained,  from 
which  water  extracts  a  small  quantity  of  cinnamic  or  phenacrylic 
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acid,  CgH..CH~CH.COOH.  The  formation  of  this  acid  is 
perhaps  brought  about  iu  consequence  of  the  hydrochloric  acid 
contained  in  the  acetic  chloride  combining  with  the  aldehyde, 
thus  producing  the  compound  Cgn..CHCl(OlI),  which  then  enters 
into  reaction  with  the  acetic  chloride  to  form  cinnaniic  chloride, 
water,  and  hydrochloric  acid:  C,H..CHC1(0II) +CH3.C0('1  = 
CjHj.CHzzCII.COCH-HCl  +  OH,  •  or  it  may  be  supposed  tliat  a 
compound  of  the  aldehyde  and  acetic  chloride  is  first  formed, 
which  then  enters  into  reaction  with  acetic  chloride,  thus : 
CgH..CHCl(C,H303)  +  CH3.COCI  =  C,H,.CHZZCH.C0C1  + 
HCl  +  CjH^Oj.  Fittig  and  Bieber  subsequently  obtained  the 
homologous  acid,  phenangelic  acid,  CjjHjoOg,  by  heating  a 
mixture  of  benzaldehyde  and  butyric  chloride.  Perkin,  however, 
has  recently  shown  (Joum.  Chem.  Soc,  1877,  i.  389)  that  cinnamic 
acid  and  its  homolognes  may  be  far  more  readilj  obtained  by 
beating  a  miitore  of  bensaldehyde  and  acetic  anhydride  or  the 
homologous  anhydrides,  with  the  sodic  salt  of  the  acid  of  the 
acetic  series  corresponding  to  the  anhydride  employed,  benzalde- 
hyde yielding  as  much  as  84  per  cent,  of  its  weight  of  cinnamic 
acid ;  the  formation  of  cinnamic  acid  from  benzaldehyde  in  this 
manner  has  already  been  discussed  (p.  722). 

(1652)  Thiobenzaldehydcs. — Wh**n  heated  with  an  alcoholic  sohition  of 
potassic  thiohydrat€,  (0-2)  dichlori)toluene,  C^Hj-CIlCl.^,  is  converted  i)ito  a 
body  of  the  ooiuposition  C^H^S,  soluble  iu  alcohol  aud  ether,  and  which  crystallizes 
from  the  Utter  in  foar-tided  prisms  Andting  at  about  69*"  (156°* 3  F.);  it 
decomposes  when  distilled,  and  on  oxidation  with  dilute  nitric  acid  apparently 
yields  a  thiobenwio  acid,  (?)  C«Hs.CSOH  (Fleiecher,  Aim,  Chem,  Pkarm,, 
cxI.  234). 

Accurdin;;  to  Laurent  {Ann.  Ch.  Phys.  [3].  i.  291),  a  bcxly  which  also  has 
the  compasttion  of  thiobenzaldehyde  is  obtained  on  mixing  alcoholic  solutions  of 
benialdehTdt  and  ammonic  thiohydrate^  bat  thie  it  amorphmie  and  insoluble  in 
akohol,  and  only  softens  when  heated  at  90°— 95°  (194'*— 203^  F.). 

Klinger  has  recently  found  (Deut.  rhem.  Get.  Ber.,  ix.  1895).  that  when  sul- 
phnrotted  hydro^ijen  is  passed  into  an  alcoholic  solution  of  benzaldf  hydo,  accordinj^ 
to  the  concentration,  either  an  amorphous  reddish  liooculent  ^<nb^t;ln(■e,  or  an  oil 
which  soon  solidifies  and  consists  of  esiseutially  the  same  subbtatice,  is  obtained. 
Mlien  porified  by  washing  with  aloohol  and  sodie  carbonate  solution,  solution  in 
benieoe  or  chloroform,  and  precipitation  by  aloobd,  it  forms  an  amorphous  maee 
of  the  composition  C^H^S,  easily  Holuble  in  benzene  and  chloroform,  and  some- 
what dithcultly  soluble  in  hot  alcohol,  which  softens  at  about  84°  ( 1 83^*2  F.), 
and  decomposes  when  heated  to  a  higher  temperature.  Acetic  chloride  converts 
this  snbstuioe  into  a  crystalline  pdymeride,  easily  soluble  ia  hot  aoetie  aeid, 
ftom  which  it  separatee  on  cooling  in  gliatoiing  white  needlee  mdting  at  325° 
(437°  F.) ;  when  heat^  with  metallio  oopper  it  i»  almost  entirely  converted 
into  stilbene,  C  If,.CHziCIT.C\H,. 

'oft  ft  a 

(1653)  Haloid  and  Nituo-dekivatives  of  Benzaldehyde. — Haloid 
derivatives  have  not  yet  beeu  directly  prepared  in  a  pure  state  from  benzaldehyde, 
but  aefenl  have  been  obtained  fiondiliKteafceddtriTkimo^  chlorotolaene 
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or  benz}Uc  chloride  by  boiling  them  with  plumbic  nitrate  and  water,  and  from 
chlorinated  derivatives  of  (0-2)  dichlorotoluene  by  heating  them  with  wat^^r 
alone  at  high  teraptraturts,  Parachlurohenzaldehyde,  C,H^C1.C0H,  prepared 
from  paraoblorobenzylic  chloride,  is  liquid,  and  very  readily  oxidises  to  pantchkiro- 
bensoie  aeid  on  expoenre  to  the  atr  (Beiktein  and  Knhlbeiy,  Afm*  CJum, 
Pharm.,  cxlvii.  352).  An  isomeric  orthochlorobenzaldehyde  is  formed  hf 
distilling  salicylic  aldehydt',  Cgir^(()ll).COH.  with  phosphoric  pentachloride,  and 
beating  the  resnltint;  (1-2)  trichlorotoluenc  with  water;  it  boils  at  210* 
(410*'  Di-  and  tri<:hlorobenzaldehyde  are  crystalline. 

Nitrio  acid  alone  appears  always  to  oddixe  benxaldehjde  to  beiifd«  veA, 
hot  milesa  the  ^eiy  strongest  acid  be  used,  the  action  taikes  pUiee  bnt  stotrly  in  the 
cold ;  if,  however,  benzaldehyde  be  mixed  with  20  times  itsToIome  of  a  mixture 
of  1  vol.  ordinary  concentrated  nitric  acid  and  2  vols,  concentrated  sulphuric 
acid  which  is  ke])t  cold,  the  jirodmt  is  a  mass  of  crystals  saturated  with  an  oil. 
The  loriiier  coul»i^t8  of  metunitrobenzoic  aldehyde,  C,H^(NOj).COH,  which 
crystalliaes  from  aleohol  in  tnMU  white  needles,  melting  at  58°  (i36°-4  F.) ; 
this  compound  appears  closely  to  resemble  benasldehyde  in  its  reactions  (Bcrta* 
gnini,  Ann.  Ckem,  Pharm.,  Ixxix.  259;  Lippmann  and  Hawliczek,  Deui. 
rhem.  Ges.  Btr.^  ii.  1 463).  The  oil  which  accompanies  the  crystals  may  he 
purified  by  shakini;  with  a  solution  of  hydric  sodic  sulpliite,  which  combines 
with  the  aldehydf,  and  extnicting  the  liquid  with  ether;  on  distilling  oQ'  the 
ether  an  oil  remaioe,  which  may  be  freed  from  water  by  heating  in  ?acno  it 
105**'!  10**  (221^ — 230**  F.);  if  heated  higher  it  dceomposea.  This  product 
has  the  same  empirical  composition  as  nitrubenzaldehyde,  but  on  oxidation  it 
yields  beiizoic  acid  without  evolution  of  carbonic  anhydride,  and  therefore  is 
prtiliably  tbrnicd  from  benzaldehyde  by  the  displacement  of  hydrogen  in  the 
COH  group  by  NO,  (Lippmann  and  Hawliczek). 

(1654)  HtDBOXTL  DBBITATITB8  OF  BbXSALDBHTDS  ;  PhtmUoU,— 
Several  aldehydes  are  known,  formed  from  benxaldehyde  by  the  dixplaoemeot  of 
hydrogt  n  atoms  in  tlie  group  by  the  group  OH,  which  exhibit  certain  of  the 
properties  chirat  teri.stic  of  the  phenols  as  well  as  the  properties  of  aldehydes. 
Two  of  these  compounds  are  of  especial  interest,  as  they  are  closely  related  to  a 
number  of  substancen  which  oocur  naturally  in  plants.  We  are  acquainted  with 
the  following  "  phenaldols** : 

Orthoxybeiizaldehyde  or  salicylic  aldehyde  .   .   • )  q  ^  lOlW  COH 

Paroxybenaaldehyde  J  * 

Metoxyparoxybenziddebyde  or  protocatechuio  aide-  |  o,^(OH)  OOH 

(1655)  Obthoxtbrnealdbiitdb  ;  Salieylie  {Udehyde,  salicj/lol,  or 
eylout  aeid  t  C,H,0,  -  C\H^(OH).OOH  (OH :  OOH  =  i :  2).  — Thie  aldehyde 
waa  discovered  by  Pagen<itecher  in  1S35,  who  obtained  it  by  distilling  the 
flowers  of  meadow  sweet,  Sjircta  ulmaria,  with  water;  it  may  be  procured  from 
other  species  of  spiriva,  ami  also  from  the  larvre  of  C/ifywtnela  populi,  and  from 
the  beetles  themselves  by  di.stillutiou  with  water.  It  is  formed  on  oxidation  of  the 
corresponding  alcohol,  saligenol  (saligenin),  C,H4(011).C1I,(0H),  and  alao  \ij 
the  action  of  oxidizing  agents  on  the  ^ncoeidea  whieh  yidd  thia  akohol — 
popnlin  and  salicin,  and,  in  fact,  is  unually  preimred  from  the  latter :  2  parts  of 
salicln,  2  of  potassic  dichromatc  and  16  of  water  are  placed  in  a  retort,  and  a 
mixture  of  3  parts  of  sulphuric  acid  and  eight  of  water  added  ;  a  slight  evolution 
of  gas  takes  place  during  30  to  45  minutes,  aud  the  liquid  becomes  green. 
When  the  erdution  of  gaa  oea8ee,lioit  is  applied  and  the  aldehyde  dutilled  over; 
the  oil  is  then  separated  from  the  water,  and  the  portion  which  temaina  diwolved 
extracted  with  ether.  By  thia  prooeia  aalidn  yields  about  24  per  cenL  of  it* 
weight  of  the  aldehyde. 
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The  most  infavreHttng  raethoU  of  preparing  salicylic  aldehyde,  however,  is  by 
the  actioik  of  triohloroinetbane  (ehlorofbrin)  on  aodiam  phenol  (eomp.  p.  716): 
30  parts  of  phenol  are  dihsolved  in  a  solution  of  60  parts  of  nodic  hydrate  in  at 
least  twice  the  weight  of  water  heated  to  56' — 60"  (122**— 140*  F.),  and  slightly 
more  t}ia!>  the  equivalent  amount  of  trithloromethane  is  «7radii;illy  added,  the 
mixture  being  constantly  agitated  ;  the  reaction  is  completed  by  boiling  the 
mixtnre  for  half  an  hour,  the  excess  of  chlorofonn  is  then  distilled  offt  a  slight 
CBoese  of  solphnrie  or  hydrochlorie  eetd  added,  and  the  salieylie  aldehyde  together 
with  the  unattached  phenol  distilled  off  by  passing  a  current  uf  nteam  through 
the  liquid.  To  separate  the  aldehyde  from  the  phenol,  the  mixture  is  dis- 
solved in  ether,  and  the  former  extraotsd  with  a  solution  of  hydric  sodic 
sulphite,  <&& 

Saliejlio  aldehyde  is  a  coloorless  oily  liquid,  of  pleasant  aromatic  odour, 
boiling  at  about  196**  (384'  8  F.),  of  the  sp.  gr.  11 73  at  i  (S^"  F.).  It  ia 
noderatdy  lulnble  in  water,  and  misoible  witli  alcohol  and  ether  in  propor- 
tions; its  solutions  are  coloured  deep  violet  by  ferric  chloride.  On  oxidation 
it  is  converted  into  salicvlic  acid.  It  combines  with  the  acid  sulphites,  forming 
crystalline  compounds  which  are  readily  decomposed  by  acids  with  separation  uf 
the  unaltered  aldehyde.  It  is  aoted  npon  by  aniline  and  by  nrea  in  tiie  same 
manner  as  beozaldehyde.  With  potaane  ohlorate  and  hydnx&lorio  acid,  it  yields 
t<'trachloroquinone,  C^Cl^O^  Salicylic  aldt  hyde  readily  diaeolves  in  solutions  of 
the  alkalies,  and  even  decomp^)ses  carbonates,  forming  crystalline  metallic  de- 
rivatives, such  a.s  C,H^(UK).C()H  and  C,3lI^(0Na).a:)H .  tVoni  which  other 
metallic  decivatives  may  be  obtained  by  double  decom[X)sition;  crystidline  me- 
tallic derivatives  consiatinjp  of  a  moleoole  of  the  potassiom  or  sodium  de- 
rivative  united  with  a  moleenle  the  aldehyde  am  also  known.  Ammonia 
combiner  with  salicylic  aldehyde,  probably  Ibnning  the  ammonium  derivative, 
C,H^(ONHJ.COH ;  on  heating  this  compound,  water  and  hydrosalicylamide, 
C„H„XA),  -  3t\H,(X  +  2NH,  -  3()H,,  are  formed. 

The  hydrogen  of  the  Oil  group  may  also  be  displaced  by  both  positive  and 
negative  organic  radicles.  By  heating  the  sodinm  derivative  C,H^(ONa).COH 
with  methylic  iodide,  ttuil^lsalicylol  or  or(hometkoxi/benzaldehi/de, 
C,H^(OCH,).C()H,  is  produced,  and  the  corresponding  ethyl  derivative 
may  be  formed  by  the  action  of  ethylic  iodide;  both  are  colourless  oils,  which 
boil,  the  former  at  about  238°  (460° '4  F.),  the  latter  at  about  248°  (478^-4  F.)i 
they  form  crystalline  compounds  with  the  acid  sulphites,  and  enter  into  reaction 
with  ammonia,  the  hydramide,  C^^H^^Np,,  derived  from  the  latter  as  well 
aa  that  derived  from  the  former,  undergoing  convmsion  into  an  istjn^erio  basic 
aubstance  when  heated  (Perkin,  Journ.  Chem.  Soc,  xx.  418).  By  the  art'on 
of  benzylic  chloride  on  the  sodium  derivative  of  salicylic  aldehyde,  a  bcu/.yl 
derivative  is  obtained  curre.sponding  in  its  properties  to  the  methyl  and  ethyl 
doivatives  (Perkin,  ibid.f  xxi.  122). 

Mon«H  and  di-dllorinated  and  broninafted  derivativea  of  aaficylio  aldehyde 
have  been  prepared  by  the  action  of  chlorine  and  bromine,  and  a  monimitro- 
derivdtive  by  the  action  of  nitric  acid  ;  by  the  action  of  pentachloride  of 
phosphorus,  the  dichlororthooresol,  0,H^(Oii).CHCi^  and  i-a  tricblorotoluene 
are  formed. 

When  aalif^lio  aldehyde  ia  nixed  with  acetic  chloride,  hydrochloric  add  ia 
avolved,  and  the  Hqnid  on  cooling  depoeita  crystab  of  n  body  of  the  compoeitMm 

(  C  H  COH 

C,^H,^Oj,  which  Perkin  reprenentsby  the  formula  O  <  (^»'|{*        • — Considering 

the  difficulty  with  wiiicb  the  phenols  form  ethers,  however,  this  formula  appears 
scarcely  probable.  The  product  in  question  is,  perhaps,  a  condensation  product 
of  the  Ibnnnla  C,U^(OH).CHz=c;U,(OU).(X>IL    It  ia  abo  obtained  by  the 
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action  of  benzoic  and  saccinic  chlorides.  It  does  not  combine  with  acid  sul- 
phite*, and  when  heated  with  aeetio  chloride  b  oon?erted  into  »  non^dittiUable 
oU  (Perkin). 

If,  however,  aci*tb  anhydride  be  added  to  the  sodium  derivative  of  salicylic  al- 
dehyde Hnspended  in  pure  dry  ether,  action  ^adually  take*  place,  and  acetosnlicylic 
aldehyde,  CJI^(<;„H^().J.COH,  is  produced,  toirether  with  sodic  acetatf ;  it  is  a 
crystalline  substance  which  nieita  at  37^  (9S°'6  h\),  and  boila  at  about  253" 
(487°-4  F.)  with  bat  very  littia  dMompoeition.  It  onmbinea  with  tha  acid 
•ulphitcs ;  when  heated  with  acetic  anhydride  nt  150*  (302^  F.),  it  oombinea 
with  it,  forming  the  comiound  C,H^(C\H,0J.CH(CjH3()J^,  which  deccmpcRes 
into  its  generators  on  distillation  (IVi  Kin,  ibid.,  xxi.  182).  The  corresjK)nding 
compound  of  salicylic  aldrhytlf",  CJI^(OII)  CH(CjHjO,)..,  is  obtained  by  heating  a 
mixture  of  the  latter  with  acetic  anhydride  at  150'  (302°  F.) ;  when  distilled  it 
partially  decomposes,  and  on  beating  with  water,  it  yieldii  acetic  acid  and 
valicylic  aldehyde.  The  methyl  and  ethyl  derivatives  of  ealioylic  aldehyde  alao 
combine  with  acetic  anhydride  in  a  precisely  similar  manner  (Perkin,  ibid.,  xx. 
586).  If  instead  of  acting  upon  the  sodium  derivative  of  sidicylic  anhydride  with 
acetic  anhydride  in  pret«ence  of  ether  the  two  substances  be  dimply  mixed  together, 
tbaaodinm  derivative  soon  dissolves, much  heat  being  developed;  and  if  the  miitara 
be  boiled  for  a  few  minntea,  then  ponred  into  water,  and  tha  oil  which  aeparatea 
be  distilled,  at  first  small  quantitiea  of  acetic  acid  and  of  unaltered  aldehyde 
pass  off.  art4?r  which  nearly  pure  coumarin,  C,H,Op  distils  over  at  about  290° 
(554'=  F.)  (Perkin,  ibid.,  xxi  53).  Coumarin  is  contained  in  the  tonka  bean, 
which  derives  its  sweet  odour  from  it,  and  is  alijo  present  in  woodruff,  Aiperula 
odaraia,  in  the  flowera  of  aweet  vernal  grass,  Antkoxanthum  odoratrnm,  and 
in  other  planta.  Tiemann  and  Herxfeld  have  Tcoently  shown  {Deui»  ckem,  Qm, 
£(r.,  X.  283)  that  ita  formation  in  the  above  manner  is  preceded  by  that  of 
acetorthocoumaric  acid.  Doubtless  the  salicylic  aldehyde  id,  in  the  fir^t  place, 
converted  into  the  acetyl  derivative  CgH^(0.C\H3( ))  COH  ;  this  product  then 
either  enters  into  reuctiuu  with  a  molecule  of  acetic  anhydride  to  form  the  mixed 
anhydride  of  acetic  and  orthocoiunarie  adda : 

CH  CO  1 

or  it  combines  with  fhe  anhjdride,  forming  C,H^(0.C2HjO).CH(0.C,H,O)j,  and 
the  mixed  anhydride  is  produced  by  the  action  of  this  acetodiacetin  on  ft  molecolc 
of  acetic  anhydride.  On  pouring  into  water,  the  anhydride  ia  decompoaed  into 
acetic  and  acetorthocoumaric  aoida;  on  diatiUing  the  latter,  itbceaka  up  into 
coumarui  and  acetio  acid: 

t  O.C,H,0  -  ^'^^  1  0  CO  ^»"*^«* 

Acetorthocoumaric  acid.  Coumarin.  Acetic  acid. 

The  presence  of  smiic  ncetate  is  necessary  to  the  formation  of  coumarin,  which  b 
not  produced  by  merely  beating  together  salicylic  aldehyde  and  acetic  anhydride; 
H  apparently  plays  the  part  of  a  ^ydrating  agent,  bat  it  ia  difficult  to  explain 
the  precise  manner  in  which  it  acta :  if,  however,  it  be  anppoaed  that  the  mixed 
anhydride  of  acetic  and  orthocoumaric  acid  which  is  produced  results  from  the 
action  of  the  acetic  anhydride  on  the  acetodiacetin,  C\H^(C\H,OJ.CH(C\H/\)j, 
it  la  not  improbable  that  the  function  of  the  sodic  acetate  in  inducing  the 
formation  of  Uiia  anhydride  is  the  consei|ueuce  uf  ibo  tendency  which  this  sait^ 
poaacMca  to  combine  with  acetic  acid : 
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pM^rin  has  thown  that  by  employing  the  bomologam  of  aeetic  anhydride,  a  aeries 

of  bodies  homolo^^us  with  coumarin  may  be  obtained,  and  also  that  ortho- 
methoxy  ben  zoic  aldehyde  and  the  lower  haloid  derivatives  of  salicylic  aldehyde 
enter  into  reaction  with  the  anhjrdridee  of  the  acetic  series  in  the  same  manner 
as  salicylic  aldehyde. 

From  Baeyer's  experiments  it  appears  that  aalicylic  aldehyde  renembles  benz- 
aldehyde  in  its  aetion  on  phenola  in  preaenee  of  hydroehlorio  and  anlphorio  aeida. 
According  to  Liebermann  and  Sohwiraer  {Deut.  chem.  Ges.  Ber,,  is.  800), 
salicylic  aldehyde  is  rapidly  converted  into  a  red  solid  substance,  closely 
re-<embling  the  so-called  ros  .lic  acid  in  itH  properties,  when  warmed  with  con- 
centrateu  sulphuric  acid ;  aud  by  the  action  of  the  acid  on  a  mixture  of 
ialieylica]dehjrd«andph«nQl,<<ioaolieaoid*':  C,,H^^O,  =  C,U,0  +  2C,U,0,-20H,, 
identieal  with  that  praduosd  00  heating  phenol  with  oxalic  and  snlphnria  adds,  ia 
obtained.  From  this  it  appears  probable  that  in  the  formation  of  "  rosolic  acid" 
from  phenol  and  oxalic  acid,  salicylic  aldehyde  it*  firut  produced  by  the  action  on  the 
phenol  in  presence  uf  the  sulphuric  acid  ot  the  formic  acid  resultinj;  from  thedecom- 
position  of  the  oxalic  acid  :  C,H,.OH  +  H.COOH  =  C,H^(OH).COH  -f  OH^ 

(1656)  Paboztbsnsoic  aldbhtdb:  C,H^(OU).COH.th«  iaomeride  of  sali- 
c^ie  aldehyde,  ia  obtained  ob  heating  panunethoxybenioie  or  aaiaio  aldehyde, 
C.H^OCiy.COH,  with  hydrochloric  acid  at  200*  (392*  P.),  lor  three  or  four 
hours  (Hacking,  ibid  ,  ix.  527),  but  is  most  readily  prepared  from  phenol  by  the 
action  of  clilorol'orm  in  presence  of  potarisic  or  aodie  hydrate,  100  grains  of 
phenol  yielding,  according  to  Tiemann  and  Herzfeld  {ibid.,  x.  63),  10  grams  of 
the  pore  aldehyde.  It  ciyatalliiea  in  slender  needlea,  which  in  the  diy  state 
melt  at  112*  (333**'6  Pjf  but  ander  water  at  about  60"  (140°  F.).  It  haa  a 
pleasant  aromatic  odour,  aud  dissolves  readily  in  alcohol  and  ether,  bat  not  in 
cold  water,  although  hot  water  dissolves  it  more  readily  ;  its  aqueous  solution  is 
coloured  a  dirty  violet  by  ferric  chloride.  It  forms  crystalline  alkali-metal 
derivatires,  and  an  oily  ammonium  derivative,  which  soon  loses  ammonia  on 
eKpoanre  to  the  air ;  aniline  entere  into  reaction  with  it  to  form  a  dystalUne 
body  of  the  composition  C„H„NO  =  C^H.O,  +  C,H,N-0^{Herzfeld,  ibid.,  x. 
I  267 ).  It  combines  with  the  acid  sulphites,  and  reduces  an  ammoniacal  solution 
of  a  silver  salt,  but  it  is  not  easily  oxidized  by  the  ordinary  oxidizing  agents. 
Fused  potassic  hydrate,  however,  readily  converts  it  into  potuM«ic  paroxybenzoate. 
When  submitted  to  the  aetion  of  nascent  hydrogen  it  fumiahes  a  mixture  of 
paroxybenzjflic  ateoM,  C,H^(OH).CH,.OH,  and  of  kydroparorybengoin, 
[C,H^(OH).CH.OH]j ;  apparently  there  is  no  isomeride  of  the  latter  formed. 
By  the  action  of  acetic  anhydride  on  its  potassium  derivative,  acetoparoxybenzoic 
aldehyde,  C,H^(CjlIjU2).CUlI,  is  formed;  and  by  boiling  it  with  acetic  anhydride 
the  aceto  diacetin,  C,H^(0,U,0,).CH(C,H^O,)^  is  produced.  If  the  sodium 
dMiralave  of  paroxybeiaote  aUrhyde  be  boded  with  aoeUo  anhydride  and  sodto 
aeetnte,  the  acetyl  derivatife  of  paraoonnuuric  add.  C.H/OH).CH=:CH.COOH, 
ia  formed. 

(1657)  Pakamethoxybenzoic  or  anisic  aldbhydE;  hi/dride  of  anisyl  : 
CjH^(OCHj).CUH,  may  be  obtained  by  digesting  a  mixture  of  paroxybenzoic 
aldehyde,  potassio  hydrate,  methylic  iodide,  and  methylic  alcohol  (Tiemann 
and  Uenfeld)»  hot  ia  uanally  prepared  by  tlM  oxidation  of  oil  of  aniae  (eomp. 
Boaasli  Amm,  G^ml  PAom.,  di.  25).  It  is  a  oolourleM  liquid  of  aromatie 
odonr,  boilini^^  at  about  350°  (482°  F.),  which  rapidiy  ab^rbs  oxygen  from 
the  atmofiphere,  being  converted  into  anisic  or  paramethoxybenzoic  acid ; 
when  heated  with  an  alcoholic  solution  of  potassio  hydrate,  it  yields  a 
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nikteTO  of  potaiMe  «niMie  and  of  amiMc  aledhoL  la  otiier  reapeefai  it  Mfe 
doMly  resembles  benzoic  aldehyde :  formin<;  a  eryvtalUno  com  pound  inth  hydric 

sodic  sulphite;  b<?ing  converted  into  /t^dranuoin  and  uoh^dranisoin,  ihi^ 
luethoxy-derivutives  uf  hydro-  and  isohydrobeiizoin,  by  the  action  oi"  nubceut 
hyiirugi'ii ;  into  anibhydraiuid  by  the  acUun  ul  ammonia;  and  into  auisoin,  the 
analogue  of  benxoin,  by  treatment  with  potaaaio  cyanide  aolntaon.  When  heated 
with  acetic  chloride,  it  ia  conTcrted  into  a  hamus-like  substance  (Rossel).  According 
to  Perkin,  it  yields  paramethoxyphenacrylic  acid,  C,H,(OCig.CH— CH.COOH, 
when  heated  with  sodic  acetate  and  acetic  anhydride ;  and  by  employing  propionic 
and  butyric  anhydrides  the  homologous  parametboxyphenylcrotonic  and 
phenylangelic  acids  may  bu  obtained.  These  acids,  on  distillation,  are  decom- 
posed  with  evdntion  of  carbonic  anhydride,  pararoethozypheuylcrotonic  add, 
C,H^((X'Hj).C,H^.C()OH,  yielding,  moreover,  a  body  which  is  apparently 
identical  with  anethol,  C,H^(U€ll,).(',Hj,  the  chief  constituent  of  oil  of  anise. 

(1658)  1*AKAMKTA1>I(>XYBENZ"1C      or      PBOTOCATECHriC       ALDEHTDB  : 

C,H,U,  =  C,H,(U11  |,.C()K  (COH  :  Oil :  OH  =  1  :  3  :  4).  — Considerable  interest 
attaches  to  this  aldehyde  on  account  of  ita  relation  to  vanillin  and  piperooaL  It 
ia  formed  from  the  latter  by  heating  it  with  dilute  hydroehlorio  acid,  carbca 

being  eeparated  ;  al>o  on  warming  dichlorpiperonal  with  water,  and  on  heating 
the  former  with  hydrochloric  acid.  It  cry.stallizes  from  water  in  flat  crystals, 
which  are  usually  arrangetl  in  concentric  groups  ;  it  melts  at  150°  (302  F  ), 
at  wiiit  h  temperature,  however,  it  begina  to  decompose.  Its  aqueous  soiutioa 
becomea  of  an  intenee  pare  green  coJonr  im  the  addition  of  feirio  dikride ;  on 
the  addition  of  a  email  quantity  of  eodic  carbonate  aolntaon,  tbe  oolonr  diaogct 
to  vioUt,  whibt  a  larger  quantity  renders  it  a  mi^niBcent  red.  If  dissolved  in 
an  excess  of  sodic  carbonate  solution,  it  may  be  extracted  by  ether,  but  not  if 
dissolved  in  a  solution  of  hydric  Kodic  sulphite.  It  exhibit**  powerful  miucing 
properties,  and  when  cai  etuUy  fused  with  potassic  hydrate,  it  is  oxidized  to 
protoeatechnioadd,  C  II,(OH),.C0OH  (FittigamdBemaenMmk  Ckiem,Phamn 
oliz.  1 48 ;  clzTiiL  93). 

(1659)  Paboxymetamethoxybknzoic  at.dfttypf.  ;  methyl protocateckuie 
al<Mii/(ie;orvaninin:L\U^i)^  =  C.ll,(0H)(OCH  J.roll  (C0II:0('II^:0H  =  1:3:4). 
— The  formation  of  this  compound  Irom  couiferin,  a  glucoside  occurring  in  the 
cambium  of  coniferous  trees,  has  already  been  described  (p.  691)  ;  it  is  also 
obtained  on  earefully  heating  opianio  aoid,  C,H,(0CH,),(C0U).COOH,  with  a 
concentrated  aolution  of  zincic  chloride  (Armatrong),  and  it  is  to  this  eubataaos 
that  vanilla,  the  fruit  of  a  climbing  orchidaceoun  plant,  VmmiUa  ^ftam^oUo, 
growing  wild  in  Mexico,  Brazil,  and  other  tropical  countries,  owes  its  jieculisr 
pleasant  aromatic  odour.  It  forms  colourless  luvdle-like  crystals,  soluble  with 
difficulty  in  cold,  but  easily  in  hot  water,  and  readily  soluble  in  alcohol  and 
Other ;  it  melta  at  about  So*"  (176*"  F.),  and  if  careAdly  heated  may  beenUimed 
unchanged.  Its  aqueous  solution  is  strongly  acid,  and  it  furnishes  a  series  of 
metallic  derivatives  of  the  general  formula  C,H,(OR')(0€HJ.COH,  which 
mostly  crystallize  well.  By  diLjesting  the  pota.<M*ic  derivative  with  methylic  alcohol 
and  methylic  iodide,  parametadimethoxybenzoic  aldehyde,  C,H,(OCHj)j.COH,  is 
produced;  whilst,  if  ethylic  alcohol  and  iodide  be  employed,  the  corresponding 
parethoxymetamethozybenioio  aldehyde,  C,H/0C\HJ(CX;'h,).C0H,  ia  obtained. 
The  former  crystallizes  in  colourless  needles,  melting  between  15^  and  20*'  (59" 
and  68^  F.),  and  boils  at  285**  (545"  F.)  without  decomposition  ;  on  oxidation 
it  yields  the  corresponding^  diniethoxybenzoic  acid.  The  latter  crystallizes  in 
large  prismatic  tables,  melting  at  65°  (149^  F.),  and  yields  an  ethraethoxybinzoic 
add  on  ozidation,  identieal  with  that  obtained  on  oxidation  6t  othyleugenol 
(1603).  ^01^  vanillin  ia  anbmitted  to  the  notion  of  bromine  or  of  iodine^  it  ia 
converted  into  hnmuf  and  iodovaniUin,  Cfi^BiO^  and  C,HyIO,^  both  of  which 
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are  crystalline.  By  digestiDg  it  i'or  sume  time  with  dilute  hydrochloric  acid  ut 
300**  (392°  F.),  protoMtoehnie  aldehydu  and  metbylie  ohloridtt are  prodnoed;  and 
when  it  u  heated  witli  potHue  hydrate,  (he  potaMsio  aalt  of  protocaieohaio  aotd 

u  obtained.  It  yields  a  mixture  of  vanillylic  alcohol,  C,H,(OH)(OC'H,).CH,.OH, 
and  q{  hydrovanillvin,  (('.H.( )  .CH.UII)^,  when  submitted  to  the  action  of  uaitcent 
hydrogen  ;  the  former  is  tiusily  soluble  in  ether,  alcohol,  aud  warm  water,  and  like 
taligenol  (naligeuiu)  is  converted  into  au  imiuluble  reiiinoiu  compound  analogous  to 
fldiftfcin  when  treated  with  duttteaeida)  the  Utter  walmofttiiMolable  in  aold  water, 
very  aUghtly  aolable  in  boiling  water  or  alcohol,  and  iuMluble  in  ether.  Van iUin  ia 
not  extracted  by  ether  when  di«bolved  in  a  solution  of  bydric  sodic  sulphite  (Tiemana 
andHaarmann, Z^eu/.cAe/n.  TrVx.  i?e/*.,vii.  608;  Tiemanu, »i<t^., viii.  1 123;  ix,409. 

(1660)  pASUiETAMETMYLE^  XYBEMiiOIC    A.LDEUYDE  ;     methiflent firuto- 

eoieckmie  or  piperm^lie  aldeh^s  pi^md :  Cfifl^  ^  C^GOH){^|CU^ 

— Thb  aldehyde  is  formed  on  oxidation  of  piperic  acid  (q.  v.),  0,^,0^,  with 
potaAsic  permanganate.  It  is  only  sparingly  soluble  in  cold,  but  more  readily  in 
hot  w^ater,  from  which  it  crystallizes  on  cooling  in  large,  oolourleda,  transparent, 
lustrous  prifims,  having  an  odour  resembling  tliat  of  coumariu  ;  it  melts  at  37° 
(9S''6  F.),  aud  boils  at  263'  (505^  4  F.).  It  forms  a  orystalUne  compound 
with  hydrie  eodie  soli^He,  and  on  oztdation,  it  ie  converted  into  piperonylic  aeid, 
C,H,0^.  When  submitted  to  the  action  of  nascent  hydrogen,  it  yields  piperonylie 
alcohol,  CjHjOj,  together  with  hydrojtiperoin  and  isohydropiperoin,  Cj,II,jOj, 
two  isomeric  dihydric  alcohols  which  man i lest  the  closest  resemblance  in  their 
properUes  to  hydrobenzoiu  and  isohydrobeuzoin  (1525);  piperonylic  alcohol 
melts  at  51°  (i23°-8  F.),  hydropiperoin  at  202°  (395*''6  F.),  and  isohydro* 
piperoin  at  135^  (375^  of  the  last  two  componiida  the  hitter  ia  &r  more 
soluble  in  water  and  alcohol,  and  both  are  more  soluble  than  the  monohydrio 
alcohol.  When  piperoiial  is  acted  upon  by  phosphoric  pentachloride,  it  yields 
either  piperonal  chloride,  C,H^( ),.(,' I K'lj,  or  dichloropiperonal  chloride, 
CjHjCljOj.CUCL,  according  to  the  proportions  employed ;  both  these  compounds 
are  liquids,  and  noil  respectively  at  340" — 250^  (464^—482''  F.)  and  aSo^ 
(536"  F.);  the  fimner  in  oontaet  with  water  is  reoonverted  into  tiie  aldehyde^ 
whikt  the  latter  yidda  a  diehlorinated  derivative  of  the  aldehydes,  CACI.Og.0OH, 

whieh  donbticaa  haa  the  formnk  C,H,(COH)  |     |  CCl,.  ae  on  warming  with 

water  it  completely  decomposes  into  protocatechuic  aldehyde,  carbonic  anhydride, 
and  hydrochlorie  aeid : 

C,H,(COH)  I  Q I  CCl,  +  2OII,  =  C\H,(OlI),.COH  +  CO,  +  2HCI. 

The  formula  a.'^signed  by  Fittig  and  Remsen  to  piperonal  is  placed  beyond  doubt 
bv  their  dineovery  that  pij)eronylic  aeid  may  be  synthesized  by  heating  proto- 
catechuic acid  with  jwtassic  hydrate  and  methylcuio  iodide,  CU,I,  {Ann.  Ckem, 
PAarM.,elii.  25  ;  dix.  139;  fdxvilL  93). 

(1661)  Somoioguei  ^  htemie  aUekjfit, — ^Two  aidahydea  derived  from 
toluene  or  methylbenzene  and  one  from  (?)  isopropylbenzene  are  known;  by 
btiiling  syoocerylic  alcohol  (1482)  with  a  dilute  aqueous  solution  of  chromic 
acid  (Do  la  Rue  and  Miiller,  Journ.  Ghem.  Soc,  v.  62)  obtained,  on  one  oc.a- 
sion,  a  crystalline  neutral  substance,  which  probably  was  the  corresponding 
aldehyde.  PanUotuie  or  paramHhytbemtoie  atd^kydt,  CH,.C,H,.COH,  and 
a  toluic,  phenj/lacetic  or  phenethaldehifde,  C,Hj.CHj.COH,  are  respectively 
obtained  by  distilling  the  calcic  salts  of  paratoluic  and  phenylacetic  acids  with 
calcic  formate.  The  former  is  an  oily  liquid,  boilini,'  at  204°  (399"'"2  F.) ;  the 
latter  is  solid,  bat  has  not  been  obtained  in  a  crystalline  Btat««  separating  Irom 
its  ethereal  solution  as  a  gektinous  mass  (Kadziszweaki). 
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Oit$mc  or  euminic  aldehyde^  or  cuminol,  C,H,.C,H^.COH,  in  eontttnei 
together  with  cjmene  ia  theeeeeotial  oil  of  eniniii  {Cttminmm  rymuHMii),  and  also 

ID  that  of  the  water  hemlock  {Cicuta  viraa).  It  may  be  separated  by  nhaking 
the  oil  with  a  concentrated  solution  of  hydric  sodic  sulphite,  and  then  dcconiposins; 
the  crystallint'  compound  which  separates  by  sodic  carbonate,  after  purification  in 
the  luual  way  by  pressure  and  wanhiDg  with  aloohoL  Camic  aldehyde  is  a 
eolourleaa  oil,  having  a  powerfnl  odour  of  hrnliag  at  about  237"* 

(458*'*6  F.).  In  all  nopeeta  it  eihibiU  the  oloaeet  reaemUanee  to  hnnia 
aldehyde,  abiiorbing  oxygen  on  exposure  to  moist  air,  and  being  converted  into 
Cumic  acid,  which  is  also  formed  from  it  by  the  action  of  the  weaker  oxidizing 
agents;  when  boiled  with  chromic  acid,  however,  it  yields  terephthalic  acid, 
which  in  a  proof  that  the  groups  C^U,  and  COH  are  relatively  in  the  positions 
1-4.  It  is  generally  suppoaed  th^  the  group  C,H,  haa  the  oonttitatioD  of 
iaopropyl,  CH(CII,)^  aa  aooording  to  the  inveatigatioii  of  Fittig,  Ahrens,  and  . 
Mattheides  {Ann,  ^em.  Pharm.,  cxlix.  325),  the  hydrocarbon  CjH,„  obtained 
on  distilling  cumic  acid  with  calcic  hydrate  ia  not  identical  with  normal  propyl- 
benzene;  but  the  correctness  of  this  conclusion  is  wmewhat  op^-n  to  doubt, 
especially  as  cuoiic  aldehyde  occurs  together  with  cymene  or  normal  propyl- 
methylhensene,  and  aa,  moreorer,  thymol  and  oarraerol,  and  apparently  abo  the 
terpenee  are  normal  propyl  deriratireB. 

§  IV.    MONALDBHTDBS  OV  OTHBE  SbEIBS. 

The  only  monaldehydes  known  besides  those  already  described 
arc  tho  so  called  furfnrol  and  fucusol,  C^II.^O.COH,  cinnamic 
aldehyde,  CgHyCOIU,  dipbenethaldehyde,  CH(C,Hj)j.COH,  ind 
two  isomeric  naphthoic  aldehydes,  Cij^H^COH. 

(1662)    FrBFL'BALDEHTDE     Or     a-PYBOMUCIC     ALDEHYDE;    furfurol : 

C,H^O,  =  C^HjO.COH. — ^This  aldehyde  is  formed  on  heating  flour,  bran,  sawdust, 
and  other  vegetable  sobetanoea  with  dilate  aulphurie  aeid  or  sineie  ebloride  •olotioa ; 

it  is  also  produced  in  small  quantity  on  heaUnff  various  kinds  of  woo<l  merely  with 
water  in  closed  vessels,  at  an  elevated  temperature  (G.  Williams;  Hugo  iliiller), 
and  is  the  chief  constituent  of  the  oil  which  passes  over  with  the  steam  on 
rectifying  the  crude  product  of  the  distillation  of  wood  at  tem|)erature8  below 
200°  (392°  F.)  (HeiU,  IkuL  dbflk  Get.  Ber,,  x.  936).  Aooording  to  Stea- 
hooae,  a  very  advantageona  proean  for  preparing  it  ia  to  distil  bran  with  moce 
than  half  its  weight  of  aulphttrio  aoid,  previously  diluted  with  two  parts  of 
water.  Schwanert,  however  {Ann.  Chem.  Pharm.,  cxvi.  257),  recommends  tlie 
pruix)rtions  100  pts.  sulphuric  acid,  300  pts.  water,  and  lOO  pta.  bran*  iroiD 
which  he  obtains  3  pts.  of  the  aldehyde. 

Furfuraldehyde  ia  a  oolonrieas,  highly  refradang  oil,  wbieh  soon  beoonM 
ookrared  when  kept,  doubtless,  however,  in  oonaeqoenea  of  the  presence  of 
imparity  (conjp.  St^^nhouse,  P.  Soc.  Proc,  zviii.  $37)  >  ^ds  at  about  163* 
(325°*4  P.),  and  at  i5°-6  i^>o°  F.)  has  the  sp.  gr.  1-1648.  It  dissolve*  in 
about  12  pts.  of  cold  water,  but  mixes  with  alcohol  in  all  proportions.  WTieu 
boiled  with  water  and  argentic  oxide,  it  yields  the  silver  salt  uf  pt/romttcic 
arid,  C,H,OCOOH;  and  the  potasaio  salt  of  thia  aeid  ia  formed,  together 
with  furfurylic  alcohol,  C^H,O.CH^OH,  when  it  ia  treated  with  an 
alcoholic  solution  of  potawdo  hydrate  (Limpricht,  Ann.  Chem.  Pharm.,  clxv. 
300).  This  alcohol  is  more  readily  ])rop;ired  by  the  action  of  so«lium  amalgam 
on  an  aqueous  solutiou  of  the  aldehyde  maintained  acid  by  the  addition  of  acetic 
acid ;  ou  extracting  the  solution  with  ether,  and  distilling  off  the  ether  from  the 
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extract*  it  nmaint  m  a  syrup ;  this,  wlien  expowd  o?er  nilphiuio  acid,  gradually 
dries  up  to  a  ooloarlMt  nein,  which  at  once  beoomea  gram  when  moietened  with 

hjdroohloric  acid  (Baeyer,  Deut.  ckem.  Ges.  Ber.,  x.  355).  Furfuraldehjde 
forms  a  crystalline  compound  with  hydric  sodic  sulphite  ;  and  by  the  action  of 
sulphuretted  hydrogen  it  is  converted  into  thiofurfurol ,  C^HjO.CSH,  which  is  a 
white  crystalline  substance.  In  contact  with  ammonia  it  forms  furfurainide, 
Cu^^»^,'*.  =  3<^^*H^o,  +  2NH,-30H„  a  white  cryetaUine  neatral  body,  in- 
iolable  in  water,  melting  at  117°  (242°-6  F.)  (R.  Schiff),  whioh  ia  at  once 
deeomposed  by  acids  with  tormation  of  furfur.ildcliyde  and  an  amnionic  salt, 
whilst  on  heating  it  at  120°  (248"  F.).  or  by  boiling  with  potassic  hydrate 
solution,  it  is  converted  into  the  isomeric  furf urine,  a  strongly  basic  substance. 
Foriorine  crystallizes  in  white  needies,  which  melt  at  116^  (24o'''8  F.) ;  it 
yielda  a  nnmber  of  cryataUbe  aalta,  auoh  aa  the  bydroohloride,  C„H„N,0,C1. 
On  treatment  with  acetic  anhydride  it  furnishes  a  monacetyl  derivative, 
CjjH,j(C^HjO)NjOj,  wliich  combines  with  6  atoms  of  bromine  (R.  Schil!',  ihid.,  x. 
1186).  liy  the  action  of  aniline  hydrochloride  and  aniline  on  furfuraldehyde  in 
alcoholic  solution,  furfuraniline  hydrochloride,  (?)  C,,Hj,0,NjCl,  is  obtained,  in 
the  form  of  beautiful  purple^loored  cryatab.  Furfuraldehyde  is  not  aifected  by 
hydrochlorie  add,  bat  on  a^in^c  this  add  to  a  miztare  of  phenol  with  the 
aldehyde,  a  blue  colour  is  produced,  which  becomes  green  on  dilution  with  alcohol, 
a  eoodensation  product  being  formed  (Baeyer).  On  iieating  furfuraldehyde  with 
acetic  anhydride  and  sodic  acetate,  etc.,  it  is  converted  into  furfaravrylif  aaid : 
C^H,O.COk  +  C'H,  CiX)H  =  C^H,O.CiiZZCH,COOH  +  OH,  (iioeyer,  loc,  cit., 
and  sftfrf..  695.  1358). 

The  moat  aatiefiulory  eaipreaaioii  of  the  eonatitution  of  furfhraldehyde  appears 
to  be  afforded  by  the  fuUowing  formula,  the  aiguraenta  for  the  adoption  of  whieh 
will  be  diaeuaaed  under  pyroinucic  acid : 

HC    CH 

I  I 
HC    CH 

V 

(1663)  FVCVBALDBHTOB  or  /3-PTBOXirOIC  ALDIHTDE  ;  fuctuoit  C^H^O,  a 

C^H.O.COH.— Thia  iaomeride  of  forforaldehyde  ia  formed  on  distillation  of  sea- 
weed— e.^.,  FucM  nudosut,  veticulatust  terrains,  &c.,  with  dilate  aolpharie 

add;  and  is  pt^baps  also  produced  on  similar  treatment  of  some  mosses  and 
lichens  (Stenhouse,  Ann.  Chem.  Pharm.,  xxxv.  301  ;  Ixxiv.  278;  R  Soc. 
JProc,  XX.  80).  Fucusaldehyde  boils  at  about  172*^  (34l°'6  F.);  it  resembles 
fiirfaraldehyde  in  meet  of  its  propertiee,  but  appean  to  be  leaa  atable.  It  ia 
oonverted  into  the  silver  salt  of  fi-pyromueio  arid  on  boiling  with  water  and 
ai^ntic  oxide,  and  in  contact  with  ammonia  forms  fucusamide,  C,,Hj,N,0^ 
.wliicb  bv  boiling  with  potissic  hydrate  solution  is  tnuisfonnwl  into  the  isomeric 
fitri/Mtiic,  which  is  distinguished  from  the  isomeric  furturine  by  crystallizing  ii 
small  latniute  tmited  in  stellate  groups;  fucusine  yields  crystalline  salts  such  as 
ttemtniteC,,H,,N,(yNO,). 

(1664)  CiNNAMic  or  Phkxylacbtlic  aldbhtdb  :  C^Hj.CHizCH.OOH 
or  CjHjO. — This  aldehyde  forms  the  greater  portion  of  the  oils  of  cinnamon  and 
cassia,  in  which  it  occurs  along  with  a  small  quantity  of  hydrocarbons  (terpenes) ; 
it  may  readily  be  extracted  by  agitating  either  of  the  oils  with  a  concentrated 
solution  of  Bodic  or  potaaeio  hydrio  anlphite,  sepamting  the  crystalline  mass,  and 
waahing  it  with  aleohol.  When  thia  ia  deeompoeed  with  dilute  aulphuric  add, 
the  aldehyde  se])arates  as  an  oil  which  may  be  washed,  dried,  and  distilled. 

Cinnamic  aldehyde  is  formed  on  oxidization  of  cinnamio  alcohol  {1483)  by 
oxygen  in  pieeeuoe  of  platinum  black,  and  ia  produced  synthetically  when  a 
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niztiire  of  btfnzaldehyds  and  etiifddebyde  it  Mtanted  witb  bjdiodiloric  Mid 

gM :  C,H,.COH  +  CH,.COH  =  C.H.  CHlzCH.OOH  +  0^. 

It  iit  a  colourleRK  oil,  heavier  than  water,  and  irifioluble  in  it ;  it  boils  at  about 
248'  (478"'4  F.),  being  slightly  dt'conijwseU,  and  readily  volatilizes  with 
vajHjur  of  water.  It  gradually  absorbs  oxyg«Mi  on  exj>osure  to  the  air,  being 
converted  into  cinnamic  acid ;  the  more  poweriul  oxidizing  agents  convert  it 
into  benioie  aldehjde  and  bmizoio  acid.  When  mibmittcd  to  the  aetkm  6t 
smroonia,  it  yields  eryetaltiM  kydroeimuumdet  C^H^N,.  By  henting  it  with  aoetie 
anhydride  and  sodic  aeetate  end  tiie  homologous  cmnpounds,  Perkin  has  obtained 
a  aeries  of  acids  Huch  as  rt  nitameny^cT^^io  oe^fj,  C,U^.CUZ^U.CUZZC1LCCK)E 
(•Toitm.  Chem.  So<:,  1877,  i.  403) 

(1665)  DiPiiENETUALKEuvuK :  CH(C,HJj.COH,  is  formed  together  with 
diphenylethylenio  oxide  on  dietillation  of  hy^beiuHin  and  ieohydrobenaoin  with 
dilute  salphurio  add ;  it  is  a  oolonrless  oil,  yielding  diphenylketooe^  ^^^flXf 
on  oxidation  (Zincke,  DeuL  chem.  Ges.  Ber.,  ix.  1769). 

(1666)  Naphthoic  aldbhydes:  C„H,0  =  CjJI^.COH. — When  a  mix- 
ture of  the  calcic  salts  of  o-  and  /3-naphthoic  acids  is  dixtilled  with  calcic 
lurniate,  a  mixture  of  the  oorreiiponding  aldehydes  is  obtained.  The  pure 
/3-aldehyde  ia  formed  together  with  mnoh  naphthalene  when  pnre  ^•naphthlMt» 
is  employed,  but  the  onddehyde  cannot  be  ptepawd  from  the  pure  a-naj^thoete^ 
prob:ibly  owing  to  the  eomparatively  low  temperature  at  which  the  salt  decomposes. 
a  Naphthotr  ahlehifde  is  an  oily  liquid,  boiling  at  abont  280®  (536"  F.),  but  it 
cannot  be  distilled  aloiu'  without  decomposition.  ^NaphtkoU  aldehyde  crys- 
tallizes in  lutftrous  pUies,  which  melt  at  59°'5  (i39'''i  F.):  ^t  ia  only  very 
ilightlj  aoltthle  in  cold  water,  but  readily  in  aksohol  and  etbnr  (Battoshall,  Aim, 
Ohem,  Pkm^,  dxTiiL  1 14). 

§  V.  D1ALDKHYDB8. 

The  ODly  dialdehydes  at  present  known  are  oxalic  aldehyde^ 
or  glyoxal,  COH.COH,  succinic  aldehyde,  C,H4(C0H),,  and  the 
uomeric  phthalic  and  terephthalic  aldehydesj  C^UJ/COB)^ 

(1667)  Oxalic  aldwbyvm  i  gl^oaBol  s  C»HA-CX)H*C0H.— This  aUe- 

<  hyde  bears  the  same  relation  to  glycol  and  oxalic  aoid  that  ethaldehyde  does  to 
ethylic  ulcohol  and  acetis  acid.  It  was  discovered  by  Debus  in  1856,  when 
examining  the  products  of  the  action  of  nitri(r  acid  on  ethylic  alcjhol,  being 
formed  together  with  glycoUic  acid,  ClI|(Uii).COOIi,  glyoxylio  acid, 
CH(OH)^COOH,  and  ootalie  aeid,  00OH.000H,  ito,  Glyoxal  ia  obtained  fittt 
the  neutral  liquid  remaining  after  the  separation  of  theae  acida  aa  calde  ealti 
(v*  glyoxylie  acidy*  by  eraporating  it  to  a  symp  and  mixing  the  revidue  with 
several  times  it*  volume  of  a  concentrated  solution  of  hydric  sodic  sulphite; 
after  a  time,  the  *ide«  of  the  vessel  become  covered  witli  a  wliii«  crystalline  crust 
of  the  compound  of  the  aldehyde  with  the  acid  sulphite  [CU(0U).SO,Na],  +  UU, ; 
ibia  may  be  purified  by  dieeolving  it  in  tiie  smallest  possible  quantity  ef  * 
boiling  water,  and  allowing  the  solution  to  cool  quickly.  This  compound  is  oon> 
vertrd  into  the  barium  salt  by  mixing  a  concentrated  solution  with  baric  chloride 
Rolution  ;  the  barium  salt  is  then  exactly  deconi]x)sed  with  sulphuric  acid,  and 
the  filtrate  from  the  baric  sulphate  evaporated  to  dryness.  The  aldehyde  cannot 
be  separated  by  means  of  sodio  carbonate,  us  on  adding  this  aalt  the  liquid 
becomee  yellowish-brown,  and  a  darkocokmred  precipitate  ia  prodnoed.  According 
to  Lubavin  (ZteK^.  tfAem.  Gm,  Ber.,  viii.  7 68;  Wyss,  {M(i.,x.  136  )  ;t  is  far 
more  advantageous  to  employ  a  mixture  of  equal  pats  of  e  i  nl«'ehydi-  u  id  water 
than  alcohol:  1 00  parts  of  ethaldehyde  yielding  from  45  to  lOO  of  the  com- 
pound of  glyoxal  with  hydric  aodic  sulphite. 
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Oxalic  aldehyde  i^  a  transparent,  amorphous,  deliquescent  substance,  extremely 
•olable  in  waler,  aloohol,  ud  ether.  It  redoeeii  ta  ammoiuMal  eoliituni  of  a 
•liver  aalt  with  gieat  facility  ;  a  email  qnantitj  of  verj  dilute  nitric  aeid  eoaverte  H 
into  glvoxylic  acid,  CH(OH)^COOH,  while  by  a  larger  quaatitj  eien  of  the 
very  dilute  acid  it  is  converted  into  oxalic  acid  Alkulicn  convert  it  even  in  the 
cold  into  the  correspondin;yf  salt  of  glycolio  acid,  CH  .(0}l).CCX)H.  On  passfing 
ammunia  into  its  ethereal  solution,  a  white  precipitate  is  Ibrmed,  apparently  con- 
sisting of  the  eomponnd  with  aminonia,  but  when  it  ie  eabmitted  to  the  aetton 
or  strong  aqneoas  ammonia,  glgomdme,  C^^N,,  and  jplyeoMiM,  C.H^N^,  are  pro- 
duced, the  Tonner  being  the  chief  product  Glycosine  is  produced  merely  by  the 
separation  of  the  elements  of  water :  -jC.UjHj  +  4^'^,  ~  ^'J'^b^'i  ^'^^I^i-  hut  the 
formation  of  glyoxaline  is  accompaired  by  that  ot  formic  acid  :  2CjO„Hj  +  2NHj  = 
C,H^N,  +  IICOOH  +  2OH,  (Dthus,  ^jin.  Chem.  Pharm  ,  c\\.  20  ;  cvii.  199; 
ex.  316;  exTiii.  a53).  Olyooeine  is  nearly  insoluble  in  cold,  sparingly  nolnUe 
in  hot  water  ;  it  may  be  sublimed  by  careful  heating,  forming  a  balky  sublimate 
oonsuting  of  needle-shaped  cry>t.ils  ;  it  dissolves  in  hydraebloric  acid  solution, 
yielding  a  crystalline  hydrochloride  ;  and  also  dissolves  in  sodic  hydrate  solution 
on  boiling.  Glyoxaline  is  very  soluble  in  water,  and  the  solution  is  strongly 
alkaline.  According  to  Wyss  {loc.  cit.)  it  crystallizes  in  large  glistening 
prisms,  whieh  melt  at  abont  88°  (i9o°'4  F.),  and  it  boibi  constantly  at  255^ 
(491°  P.).  Its  va[)our  density  corresponds  with  the  formula  C^H^N,.  It  it 
not  acted  npon  by  acetic  chloride  or  anhydride,  or  by  benzoic  oblonde ;  bat  when 
it  is  warmed  with  ethylic  bromide,  a  single  atom  of  hydrogen  is  displaced  by 
ethyl,  and  the  resulting  compound  unites  with  a  molecule  of  tiie  bromide.  It 
is  entirely  deoomposed  by  potassic  permanganate,  but  is  not  affected  by  chroroio 
aeid ;  rednmnir  ngents  are  withoot  action.  Bromine  converts  it  into  <rs5romo- 
glyoTaline,  C,HBr,N,,  which  exhibits  marked  acid  properties,  dissolving  in 
alkaline  solutions,  from  which  it  is  precipitated  unchanged  on  the  addition  of  an 
acid  ;  by  the  addition  of  salts  of  the  heavy  metals  to  solutions  of  the  alkali  metal 
derivatives,  white  insoluble  or  difficultly  soluble  precipitates  of  the  corresponding 
metallic  derivatives  are  produced.  The  silver  derivative,  C, Ag  Br,N,,  is  remarkable 
for  ite  stabOtty ;  by  digesting  it  with  methylic  or  ethylie  iodide,  methyl-  and  ethyl- 
tribromoglyoxaline  are  obtained.  A  silver  derivative  of  glyoxaline,  C,AgH,N,, 
is  obtained  as  a  white  voliuninous  precipitate  on  adding  argentic  nitrate  to  ita 
aqueous  solution  ;  and  from  this  compound  corresponding  methyl  and  ethyl 
derivatives  may  be  prepared  by  the  action  of  methylicand  elhy  lie  iodides.  From 
theee  ohaenrationB  Wyae  oooelndea  that  glyoxaline  and  Hi  silver  and  bromo- 
deriYatiTea  are  moat  prabably  reprosentod  by  the  following  formala : 

HC.         .  HC  "BtV 

HC  wy 

\  I  ! 

HCZNH  HCJ.NAg  BrCHNH 

OlyoxsHoe.  flOvsrfliOBsliBS.  TribtosBOftyossUas. 

According  to  Schiff  (6'ar.  chim.  Hal.,  iv.  16),  when  hydrochloric  acid  gas  is 
passed  into  a  solution  of  glyoxal  in  acetic  acid,  and  the  mixture  is  allowed 
to  stand,  it  deposits  a  white  crystalline  powder  very  similar  to  potato-starch 
ID  appearanoe.  Thb  eompound,  hydrohtgngl^fOMl,  C^^H is  formed  by  the 
oondensatum  of  6  mole,  of  glyoxal,  and  the  assimilation  of  i  mol.  of  water ;  it  is 
deetitttte  <rf aldehydie  eharacter,  however,  bat  appears  to  contain  a  single  Oil 
group,  as  it  yields  a  monaceto -derivative  wlion  treated  with  acetic  anhydride. 
It  is  almost  ioeoluble  io  all  ordinary  solvents,  and  is  a  body  of  great 
stability. 

S  3d 
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(1668)  Sirccnric  aldshtds:  C,H,0,  »  CH,(00H).CH/00H).— Thi» 
aldehyde  is  prodaced  by  the  action  of  sodiam  amalgam  on  »  miitur«  of  suocinie 
chloride,  acetic  acid,  and  ether.  It  k  liquid  and  aolable  in  water,  and  boiln  at 
about  202°  (395°"6  F.).  It  form«  a  crystalline  oompound  with  liyilric  sodic 
aulphite;  oxidizing  agents  convert  it  into  succinic  acid;  on  heating  it  with 
baric  or  calcic  hydrate  and  water  the  corresponding  salt  of  Dormal  oxjrbutjrie 
add,  CH,(OH).CU,XH,.C00H,  it  fimned  Saytieff;  Aim,  CImm,  Pimm, 
chxi.  251.)  ^ 

(1669)  Phthaiic  ALDEHYDE :  C,H,0,  =  (?)  C,H/COH),.— This  aldehyde 
is  formed  when  phthaiic  chloride  is  digested  with  zinc  and  dilute  hydrochloric  acid 
(Kolbe  and  Wischin,  Journ.  Chem.  Soc,  xix.  339),  or  with  magnpsium  and 
acetic  acid  (Baeyer),  and  is  best  prepared  by  the  former  method,  using  an  ethereal 
solution  of  the  diloride  (Baeyer,  Deul.  ekm.  Om,  Ber.,T,  Z23  ;  Heaaert,  iiii.t 
'445)*  crystallizes  in  anidl  rhombic  platM,  melting  at  65°  (149°  F.),onl7 
pli^^litly  soluble  in  cold,  but  more  readily  in  hot  water;  it  is  readily  oxidized  to 
phthaiic  acid  by  an  alkaline  solution  of  potassic  pennanf^anate.  Like  the  aldehydes 
generally,  it  forms  a  crystalline  compound  with  hydric  sodic  sulphite.  Alkalies 
readily  tnnaform  it  into  phtbalaldehydio  acid,  C,H,0,,  which  on  mere  boiling 
with  water  is  reoonverted  into  the  aldehyde.  By  the  aotion  of  aodinm  amalgaa 
on  its  alcoholic  solution,  a  crvstalline  compound  of  the  formula  C„H^,0^  = 
CVH,(('n,(>H).CH(()H).(MI(<)H)  cyi^(CH,.i)H)  in  produced,  together  with  t 
nou-crystalline  body  whicli  perhaps  is  the  compound  C^H^(C(>H). I'll  .Oil. 

(1670)  Tebephtualic  aldkuydh- :  C,H,U,  =  C,H^(CUH),(COH : 
(X>H  ae  1:4.— Aooording  to  GriroMx  {Compt.  Rend.^  ixxxiii.  825),thie  aldehydeii 
formed  on  heating  the  diehkwopMisylene  of  the  formula  CglI^(CH,01),  with 
plumbic  oxide  and  water.  It  crystalline  in  long,  alender,  odourlcai  needlait 
which  melt  at  about  1 14°  (a37*''2  f .). 


CHAPTER  IX. 

TBI  KIT0NX8. 

§  1.  Ketones  of  the  CO{C^^H,_^^^\  Series  U.  Ketones  of 
the  (\H,,^,.CO.C\H^,_.  and  CO{C\H.^_^),  Series:—^  III. 
Kf  tones  of  other  Series.  Camphor ; —  §  IV.  Quinones  ; — 
§  V.  Suljjhines  and  Sulp hones. 

Tpe  ketones  are  closelj  Telated  in  their  properties  to  the 
aldehydes,  and  may  be  regarded  as  derived  froni  them  by  the 
displacement  of  the  hydrogen  of  the  group  COH  characteristic 
of  the  aldehydes  by  hydrocarbon  radicles  ;  they  may  also  be 
regarded  as  compounds  of  carbonic  niono.xide  with  liydrorarboa 
radicles,  or  as  formed  by  the  displacement  of  the  Oil  groups  in 
carbonic  acid,  CO(OII)^,  by  liydrocarbon  radicles ;  and  they  bear 
a  similar  relation  to  the  secondarv  moiiohvdric  earbinols  that 
the  aldehydes  do  to  the  primary  monoliydrie  earbinols,  being 
formed  from  them  on  oxidation  in  precisely  the  same  manner  as 
the  aldehydes  are  from  the  primary  carbiuols ;  thus : 
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R'.CHaCOH)      R'.COH      R'^.CHfOH)  EVCO 

PrijiuD7  evMaol.         Aldehyde.         SMODdvy  carbiooU  KatmM. 

With  few  exceptions,  the  ketones  at  present  known  all  oorrespond 
to  the  general  formula  COR', :  that  is  to  8ay.  they  consist  of 
only  monad  radicles  associated  with  the  group  CO. 

(1671)  Formation. — i.  By  oxidation  of  the  secondary  mono- 
hydric  carbinolSj  which  may  be  represented  as  occurring  in  the 
following  manner :  % 

RVCH(OH)  +  (O+OHj)  =  RVC(OH),  +  OH,j 

R',.C(OH),,  =  R',.CO  +  OH,. 

(CHj)2.CU(0II)  4-  (6  +  OhJ  =  (CHj)j,.C(OH)/+  OH,; 
mncihylewMaoL 

{CH,),.C(OH)j  =  (CH,l5.C0  +  OHy 

Dimethyl  ketone. 

2.  Bv  distillation  of  the  metallic  salts  of  the  acids,  and  par- 
ticularly of  the  baric  or  calcic  salts,  either  alone  or  mixed  with 
that  of  another  acid,  this  method  being  more  especially  appli- 
cable to  the  preparation  either  of  ketones  containing  only  radicles 
ul  the  C,jH,B4.|  ^>^»  or  a  radicle  of  that  series  in  association 
with  an  isologous  radicle ;  the  reaction  is  precisely  analogous  to 
that  which  takes  place  in  the  formation  of  aldehydes  by  distil- 
lation of  the  salts  of  acids  with  a  formate^  the  group  OH  of  the 
COOH  group  in  the  acid  becoming  in  the  one  case  displaced  by 
hydrogen^  and  in  the  other  by  a  hydrocarbon  radicle : 

(R'.COO),Ca  =  R'o.CO  +  CaCO,. 

OilcAe  Mlt  of  add.        Slnpie  ketone. 

(CH3.C00)s,Ca  =  (CH3)2.CO  +  CaCOj. 

Click  MeUte.  Dimethyl  ketone. 

(R'.COO),Ca  +  (fi'.C00)2Ca  =  aR'.CO.fl'  +  aCaC03. 

Cidde Bilt  oTield.      Calcic  xnlt  of  i-ompric,         Hlied  ketone. 

hoinolo;ruu8  or  isnluKuu.s  acid. 

(C^Hj.COO^Ca  -h  (C;H,.C00)jCa  =  aCjH^.CO.CHj  +  aCaCO,. 

CekielMDaoete.  CiMeaeeteto.  Pbeivfaaeai|l  ketone. 

3.  By  the  action  of  the  zinc  organo-metallic  compounds  on 

acid  chlorides,  the  product  being  at  once  treated  with  water. 
This  method  has  hitherto  only  been  applied  to  the  prc])aratiou  of 
simple  and  mixed  ketones  of  the  (C„ll.„^j)X'0  scries,  and  of 
mixed  ketones  eoiitaining  a  radiele  of  the  Cnllj^+j  series  in 
association  with  an  isologous  radicle. 

Aeeordiog  to  Fawlow's  recent  experiments  (Ann*  Cl«m.  Pkarm,,  dxsxTiii^ 
104),  the  reaction  takes  plaee  in  the  maimer  suggeeted  by  Wagner  and  Sajtseff 
(jtomp.  y.  412),  tbos : 

B'.CCXa  +  Zii(CAi«).  =  B'.C(C,H,^0(Q.ZnC„Hto«)Cl. 

tbe  product  at  tkia  stage  being  deoompoeed  on  treatment  with  water  in  aooordaoes 
witii  the  foUowii^  eqnmtiont : 

8ii9 
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R'.C(C.Hto«)(O.ZnC,H^«)Cl  +  2OH,  = 

R'.C(C„H,„^,)(0II)C1  -f  Zn(OH),  +  C.H^.,; 

E'.C(C,H»,«)(OH)a  =  B'.CO.C,H^i  +  HCl. 

Bot  the  product  of  tb»  fint  aotHm  may  be  directly  converted  into  tbt  ketom  bj 
tho  aetioii  of  a  farther  quaotity  of  the  acid  chloride  (Pawlow) : 

HO  that  the  amounts  of  acid  chloride  and  zinc  organo-metallic  compmuid 
nqairA  for  the  formatioii  of  the  ketone  would  appear  to  be  in  the  proportioa  of 
aBr.O0C1 :  Zn(CHM  +  ,), ;  Pairlow  finde,  however,  that  it  it  often  adtaBtagMm 
to  employ  an  exceKS  of  the  zinc  compound,  especially  in  the  preparation  of  ketones 
eontainin^  tertiary  radicles  of  the  form  C(C„Hjn  4.  (pinaco/ttis),  the  moit. 
fiiYOurablo  proportions  being  about  i  mol.  ii.'CO<Jl  to  1^  moU.  Zn(CaIl|,4|),. 

4.  By  tbe  action  of  carbonic  monoxide  on  the  sodiam 

orgauo-metallic  compounds  (Wanklyu) ;  as  only  the  radicles  of  the 

^n^sn+i  series  are  known  to  combine  with  sodium,  this  method 
is  restricted  to  the  foruiatioQ  of  ketones  of  the  CO(C'„Hjn^|), 
series : 

CO  +  2NaC„H2„^i  =  CO(CJl2„^0o  +  ^Na. 
CO  -I-  2NaC,H,  =  C0(C,H;;,  +  aXa. 

Sodie  cthids.  VMhjX  keloM. 

5.  By  the  action  of  acid  clilorides  on  hydrocarbons  in 
presence  of  aluniiuic  chloride  (Fricdcl  and  Crafts^  Compi,  Rend^ 
Ixxxiv.  1392;  1450 ;  Ixxxv.  74) ;  for  example  : 

C,H,  +  C.Hs.COCl  =  CjHg.CO.CjH,  +  HCl. 

BtDMM.         Bwote  oUorid*.  Pipbetijl  keioM. 

Other  chlorides,  such  as  zincic  and  ft  rric  chloride,  exert  a  similar  influence, 
and  not  only  organic  acid  chlorides,  but  al>o  the  chlorinated  as  well  as  bromi- 
nated  and  iodated  derivatives  of  hydrocarbons  having  the  halo^fen  associated 
with  carbon  atoms  ibrming  part  of  an  "  open  chain"  in  like  manner  inter  readilr 
into  reaction  with  hydroearbona,  eomnderaUe  heel  being  developed  in  moct 
eeeee.  Thne  on  paieing  methylie  ehloride  into  a  warm  solution  of  elmuiaic 
ohloride  in  benzene,  mono-,  di-,  tri-,  and  even  tetrametbylated  hensenes  srt 
formed  ;  Himilarly,  benzylic  cliloride  and  benzene  yield  di-  and  triplionylmethane, 
as  well  dii  other  products  not  yet  investii^ated  ;  and  by  the  action  of  aluminic 
chloride  on  a  mixture  of  benzene  and  tetrachloromethane,  tetrapbenylmethane. 
C(C,UJ^,  is  produced.  Chlorohensene,  however,  is  entirely  without  action  m 
beniene  in  presence  of  alnmuiic  diloride.  The  manner  in  whidi  the  mctaUii 
ebloridea  set  is  at  present  obscure,  however  ;  Friedel  and  Crafts  suppoae  that  an 
aluminic  cximpotind  is  first  formed  by  the  action  of  the  aluminic  cliloride  on  the 
hydrocarbon,  wliic)i  then  enters  into  reaction  with  the  haloid  or^j^uic  oompoaod, 
aluminic  chloride  being  rei,'enerated  ;  thus: 

(\U^  4-  AlA'l.       C',H,.A1„C1,  +  HCl; 
C,H,.A1,C1,  +  C\H..0H,C1  =  cX-*^ii«.<^.H,  +  AI,C1.. 

The  discovery  of  this  property  of  certain  metallic  chlorides  of  inducing;,  as  it 
were,  the  formation  of  haloid  acid  is  of  much  interest,  and  serves  to  throw  h^'ht 
on  the  production  of  hydrocarbons  by  Zincke's  method  {vid.  p.  359),  and  oi  a 
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complex  roixturo  of  oleBnes  and  [>ara6bw  OB  dutiUing  fermenfcatioa  amylio 
alcohol  with  zincic  chloride  (p.  194). 

6.  B7  beating  adds  of  the  beiuoic  and  naphthoic  series  with 
hTdrocarbona  such  as  benxene  and  naphthalene  and  phosphorie 
anhydride,  whereby  under  the  dehydrating  influence  d  the 
anhydride  the  OH  of  the  COOH  group  of  the  acid  becomes 
separated  together  with  an  atom  of  hydrogen  firom  the  hydro- 
carbon; thus: 

CjH,  +  C^H^.COOH  +  P,0,  =  (C,HJ,CO  aHPO,. 

7.  By  oxidation  of  the  acids  of  the  lactic  series,  and  of 
other  oxy-acids  of  the  general  formula  U'j,C(OHj.COOH ;  for 
example  : 

CCH5),C(OH).COOH  +  (O+OH^  =  (CH,),C(OH),  +  HjCO,; 

Oi.jiaobutjrnc  acid. 

(CH,)»C(OH)j  =  (CHj),CO  +  OHj. 

Dlni0llvlk«tao«. 

8.  By  the  action  of  alkalies  on  ethyiic  acctoacetate  and 
allied  compounds ;  thus  : 

CH,.CO.CH,.COOCJi,  +  B»(pR\  =  CH,.CO.CH,  +  BaCO.  +  C^,.OH. 

kthjrlic  acetoaoeUte.  Dinielbjrl  ketone. 

ThiB  method  is  perhaps  one  of  the  mwi  generally  available  for  the  preparation 
of  ketones.  Ethyiic  acetoacetato  is  a  product  of  the  action  of  sodium  on  ethyiic 
acetate  (q.  v.)  ;  when  treated  with  sodium,  it  yields  a  raonosodium  derivative, 
CH^CO.CHNa.COOCjH,,  from  wiiidi  by  the  action  of  monohaloid  hydrocarbon 
derivstivw  •  Tsriety  of  ooropoande  of  the  form  GH^OO.CHB'.OOOC,H,  may  be 
ohtained.  whieh  all  yield  ketones  of  the  form  CH^.CO.CH,R'  on  decom- 
position with  alkali;  and  by  the  action  of  sodium  and  then  of  monohaloid 
hydrocarbon  derivatives*  on  these  compounds,  a  series  of  bodies  of  the  form 
CH^.CO.CR'^^.COOC^H^  are  produced,  which  also  furnish  corresponding  ketone* 
CHy.CO.CHR'.S'.  Ethyiic  propionate  may  in  a  similar  manner  be  eoiiverted 
into  the  oompoaiid  CH*  Cl!,.CO.CH,.CH,.COUC,U^  (Hellon  and  Oppenheim), 
firam  whieh  dmibtleea  a  eeriee  of  ethylated  katooea  are  derivable. 

9.  By  distillation  of  the  glycols  formed  by  hydrogenation  of 
the  ketones  with  sulphuric  add ;  for  example : 

(CH^jC(OH).C(CH,)j.OH  -  OH^^  =  CH,.CO.C(CH,j). 

IMramrt^l  ffljMl  (plMflooe).  MeUiarl  Isrtlwjr'tatyl  ketoae  (pinaoolla). 

The  formation  of  ketones  in  this  manner,  however,  is  obviously  the  result  of 
iaomerie  dtange,  and  it  u  only  quite  xeoentlj  tiiai  lome  light  hae  been  thrown 
on  the  manner  in  whieh  tbia  takee  plaoe  by  the  esperimente  of  Thomer  and 
Zineko  iDeuL  eksm.  Om.  Ber.,  ix,  1738,  1761).  According  to  Thomer,  two 
isomeric  compounds  are  formed  simultaneously  from  diparatolyl-diphenyi  ketone, 
one  being  a  derivative  of  ethylenic  oxide  and  the  other  a  ketone,  and  of  these  the 
former  is  readily  converted  iulo  the  iatttii  by  merely  warming  with  benzoic 
chloride  or  hetting  with  addai  fchoa: 


Digitized  by  Gopgle 


^74  UT0NB8.  [1672. 

(OH)C(C.H J(C,H,.CHJ     ^  C(C,Hj(C,H,.Cn,)       ,  C.H. 

I  0    1  co{ 

DttoljMiplMiijI  gljco'.  Ditolyldipbenethylenio  oxide.  MMMi 

The  glycoLi  formed  by  hydn^enation  of  the  aldehyden  apparently  exhibit  a 
Bimilar  beliavioiir,  as  the  so-called  hydrobenzoin  and  isohydru benzoin  yield  both 
Ml  ethylonio  oxiJc  derivative  and  an  aldehyde  (Zincke);  thus  : 

(OH)CH.C.H.  ^CH.aH,  CH(C.H,). 

!  ^\  \ 

(OII)Cli.C,H^  ^CH.C,H  COH 

HjdrO'  Mdfaoljjdroheiiirtn.         DIplMmtlirlMle  odd*.  DtphwuithekVi^yde. 


The  formation  of  derivativee  of  ethylenio  oxide  in  thb  manner  ie  perftdlj 
Dormnl,  being  analogoue  that  of  ethylenio  oxide  itielf  from  glycol  |  then 
eonvenion  either  into  an  aldehyde  or  a  ketone  is  the  consequence  of  the  trass- 

ferenoe  of  the  hydrocarbon  radicle  to  a  contifjuoua  carbon  atom,  so  to  s{>eak,  in 
exchange  for  oxygen,  and  is  a  further  illutitration  of  the  accumulation  of  hydro* 
carbon  radicles  leading  to  the  production  of  more  stable  oompounda,  of  whidi 
Mveral  instanora  have  been  previously  deecribcd  (pp.  399,  442). 

10.  By  heating  dihaloid  hydrocarboa  derivatives  of  the 
form  CClj|B^  with  water ;  for  example : 

CC1,(C,H,),  +  OH,  =  CO(C,H,),  +  aHCL 

DiphfimehlowimthMw.  D^ImqjI  ketone. 

I  J.  Ketones^  and  especially  dimethyl  ketone  or  acetone, 
are  often  obtained  as  products  of  the  dry  distillation  of  complex 
highly  oxygenated  bodies  such  as  sugar,  and  of  wood. 

(1672)  Properties. — i.  The  majority  of  the  ketones  are 
volatile  liquids,  difficultly  soluble  or  insoluble  iu  water ;  they 
are  much  more  stable,  and  less  liable  to  clian^e  and  to  enter  into 
reaction  with  other  bodies  than  the  aldeliydes,  and  especially  do 
not  exhibit  the  tendency  to  polymerize  which  is  so  characteristic 
of  many  of  the  latter ;  they  also  oxidize  much  less  readily,  being 
without  action  on  an  ammoniacal  solution  of  a  silver  salt. 

2.  "When  submitted  to  the  action  of  nascent  hydroLCcn,  thcv 
yield  a  mixture  of  a  monohydrij  secondary  carbinol,  and  of  » 
dihydric  alcohol  (so-called  pinaooue) ;  . 

R' .C(OH) 

R'g.CO  -i-  1111  =  RVC^(OH) ;  2WyCO  +  HH  =  I 

K'g.C\OH) 

CHj.CO.CHj  -j-  IIH  =  CH,.CH(OH).CH,. 

Dinctfayl  ketone.  IHiMthyl  cutiliMi. 

a(CIl3),.C0  +  HH  =  (CH3),C(OH).C(OH)(CH3)j. 

The  proportion  in  which  the  two  emnpomida  are  formed  depends  maefa  on 
the  oooditions  of  experiment.  According  to  Friedel,  if  an  uqueouti  solution  of 
acetone  bo  treated  with  sodium  amalgam,  isopropylic  alcoliul  is  almost  exclusively 
produced,  but  if  the  amount  of  ketone  dissolved  be  diminished  by  adding  potatsio 
carbonate  to  the  water,  the  glycol  is  the  chief  product. 
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3.  The  ketones  do  not  furnish  corresponding  acids  on  oxi- 
dation, but  are  decomposed  into  products  coutaininj^  fewer  carbon 
atoms  ;  it  has  been  shown,  chiefly  by  Popotf,  that  one  of  the 
hydrocarbon  groups  always  remains  in  combination  with  the 
CO  group,  and  forms  by  assumption  of  Oil  the  corresponding 
acid,  whilst  the  other  is  split  oif  aud  separately  oxidized.  >'or 
example  : 

CH  C0.CII,.CH^CH,  +  3(0  +  0HJ  »  CIT^  COOII  +  CH,.CH^.CO0H  +  30H^ 

Methjriprupyl  ketoue.  Acetic  acid.  Prupiouic  id. 

CU,.CO.CH,  +  3(0  +  0HJ  =  C,H,.C0011  +  IICUOH  +  301!,. 
MauijlpkMqrl  katonii.  Hmioia  add.  ~ 


Appareutiy  it  is  always  the  less  stable  radicle  which  is  thus  split  off,  and 
the  product  or  products  of  the  oxidatiou  of  this  radicle  are  identical  with  thotse 
obtained  on  oxidatioD  of  the  oonwpooduig  alcohol ;  it  maj,  in  fiwt,  be  supposed 
that  the  ketones  are  in  the  first  instance  resolved  into  an  adid  and  an  alooboi  on 
oxidation  in  the  manner  shown  bj  the  general  equation : 

B'.CO.R'  -I-  (0-1- OH  J  »  B'.COOH  +  B'.OHi 


the  alcohol  bein^  then  at  once  Ibrtbflr  oxidized. 

If  both  nidicles  are  of  the  same  tyi>e — that  is  to  say,  if  both  are  normal  or 
iso-primary,  secondary  or  tertiary — but  contain  a  different  number  of  carbon 
atoms,  the  radicle  which  i»  split  oti'  is  always  that  which  contains  the  greuter 
nomber  of  carbon  atoma.  From  ketonee  containing  radidM  of  different  types, 
however,  if  thej  belong  to  the  CO(€bH^  ^ eerioi  and  contain  a  normal  and 
iao-primary  radidei  the  iao-primary  ia  removed;  while  fiom  those  containing  a 
normal  or  iso-priinary  associated  with  a  normal  or  iso-secondary  radicli',  the  normal 
or  iso-i^econdary  radicle  is  split  off;  and  those  which  contain  a  normal  and  an 
iso-secoudary  radicle  htse  the  iatler.  Tiie  behaviour  of  ketones  of  this  series 
eonlainiflg  identical,  iaomeiic  or  homologous  normal  primary  or  iaoprimary  radi- 
clca,ma7  therefiwe  bo  bricAjr  cspnsMd  by  the  general  eqoation : 

C.H^^.,.CH^CO.CH,.C„H,„^.j  +  3(0 +  0H^  - 
JwHiterWfrinMqr  ksCoM. 

C»|Hto+ ,CII  COOH  +  C.H^+  .COOH  +  $0H^ 

Prinurj  acid.  Ada. 

where  n  and  m  may  have  the  same  or  different  values,  the  nature  of  tho  add  or 
acids  obtiiined  dt'^H-nding,  of  coarse,  on  the  nature  of  the  radicles. 

The  behaviour  of  ketones  containing  identical,  isomeric  or  homologous 
normal  leoasidary  or  iaoeecondaiy  ndkles,  may  in  a  aimilar  manner  bo  exhibited 
hy  the  conation : 

(CaHto  +  .).CH.CUCH(C,n,^  +  J,  ^.  a(0  +  OH^  « 
Mcnud  or  Iso  ssoopilm  j  ketone. 


whibt  the  following  expreeaion  indicatea  Uio  nature  of  the  oxidation  produda  of 
kotonea  containing  s  normal  primary  or  iaoprimary  rwliolo  aaaofliatod  witk  a 
normal  eeoondary  or  iioaeoondary  radicle : 

C..H,„  +  CH,.CO.CH(;c„ll,„  +      +  (O  +  OHJ  « 
Kormsl  or  wo-ptimmry  oorauM  or  Isoseeondsry 

C.H^  +  ,.CH,.COOH  +  CO(C„H^+^,  +  OH^ 
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The  ketones  containing  tertiary  radidea  of  the  Ca^f^  4.  j  seriet  ■■orirtud 
with  normal  primary  radicl«s  of  Uie  Mine  teriee,  whiefa  are  alount  the  only 
ketones  with  tertiary  radicles  tliat  have  heen  prepared,  behave  soinewbat 
differently,  a«  the  tertiary  radicle  remains  in  combination  with  the  CO  group, 
the  primary  radu  le  being  ^plit  oil'  and  separately  oxidized, 00  that  their  behavtuui 
may  be  represented  by  the  equation : 

C(C^+,),.CO.CH^C.H^+,  +  3(0 +  0H^  = 
finaiy  tartiaiy  kalone. 

c(c.H^  4 .).  (^ooH  +  c»h;.4,cooh  +  30H^ 

Tertiary  acid.  Add. 

These  kelonej*,  in  fact,  closely  resemble  those  containing  radicles  such  as  pheiyl 
— t.e  ,  in  which  the  CO  ^roup  is  associated  with  a  carbon  atom  forming  pari  of 
a  closed  chain — together  with  a  radicle  of  the  C„H^  series,  from  which  the 
latter  is  always  split  off  and  separately  oxidized  ;  thou : 

C,H..CO.C,H.  +  3(0  + OH  J  =  C.H.COOH  +  CH,.C0OH  +  3OH,. 
Ethjlphenyl  ketona  BaBsoisaBM.  AMttesrid. 

In  those  cases  in  which  the  methyl  group  is  split  off,  instead  of  fomio  scid, 
wbieh  is  the  normal  oxidation  prodnet  of  thb  group,  darbonio  anhydride  snd 

water  are  obtained,  owing  to  the  further  oxidation  of  the  Aoid;  the  lower  ketosei 

formed  us  the  first  pro^Jucts  of  oxidation  of  the  ketones  containing  ^x-ondary 
radicles  also  very  n»dily  undergo  further  oxidation  at  the  moment  of  fbrmatwiD. 

The  behaTiour  of  several  of  the  ketones  of  the  CO(C„H2..,.,)| 

series,  when  oxidized  by  concentrated  nitric  acid,  is  somewhat 
peculiar,  substances  being  produced  which  apparently  are  mono- 
nitro-dcrivativL's  of  acids  of  the  acetic  scries.  Thus,  dipropyl 
ketone  yields  a  body  of  the  composition  of  nitropropionic  acid, 
C2H_,(N02).COOH,  anddibutyl  and  dipentyl  ketones  furnish  com- 
pounds bearing  to  them  a  similar  relation  in  composiuou  (comp. 
Schmidt,  Deut.  chem.  Ges.  Ber.,  v.  599). 

4.  Certain  of  the  ketones  form  crystalline  eom])ounds  with 
the  acid  suli)bites  analogous  to  those  furnished  by  the  aldehydes, 
hut  this  property  is  only  common  to  those  which  contain  the 
group  CH^  associated  either  with  a  primary  or  secondary  radicle 
of  the  ^^n'*2n+i  series,  and  to  those  in  which  the  CO  grotip  is  not 
associated  with  a  carbon  atom  forming  part  .of  a  closed  chain ; 
those  which  contaia  the  CHj  group  and  a  tertiary  radicle  of  the 
^n^sn4i  st-i  i^"*  or  a  radicle  such  as  phenyl,  tertiary-butylmethyl 
ketone  or  pinacolin^  C(CH^CO.CU^  and  i^e»yUnethyl  ketone. 
Of  H|.CO.CH^  for  example,  do  not  form  such  compoonda. 

5.  Dimethyl  ketone  or  acetone  unites  with  hydrocyanic  add, 
forming  an  exceedingly  unstable  qrano-derivatiive,  which  on 
digestion  with  hydrochloric  acid  eolation  is  converted  into  ozyiso* 
butyric  acid : 

CH,.CO.CH3  +  HCN  a=  (CH,)5C(0H).CN ; 

Dimethyl  ketono.  Cjanodimethyl  carbinol. 

(CH3),C(OH).CN+aOH,+  Ha  =  (CH5),C(OH).COOH+NH4CL 

QjaoiwprQpjUo  aleoheL  OiliMbotgrxk  aoU. 
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Tt  has  not  been  ascertained,  however,  whether  this  property  is 
common  to  all  the  ketones ;  probably  it  is  not* 

6.  Crystalline  eom pounds  with  ammonia  analogous  to  those 
furnished  by  the  aldehydes  ha?e  not  been  obtained  &om  the 
ketones,  bat  many  of  them  appear  to  enter  into  reaction  with 
ammonia  somewhat  after  the  manner  of  the  aldehydes,  forming 
more  or  less  complex  basic  compounds  with  separation  of  the 
elements  of  water  (oomp.  p.  780).  Amines,  such  as  aniline, 
which  are  violently  acted  npon  by  the  aldehydes,  are  unaffected 
by  the  ketones ;  and  they  are  not  known  either  to  combine  or  to 
form  oondensatbn  compounds  with  the  acid  amides,  such  as  are 
readily  yielded  by  the  aldehydes,  fiy  the  action  of  ammonia  and 
sulphuretted  hydrogen,  and  of  ammonia  and  carbonic  biiulphide 
respectively  on  dimethyl  ketone,  crystalline  compounds  are  formed, 
which  apparently  are  the  analogues  of  thialdin  and  carbothialdin 
(P*  739)'  property  has  not  been  observed  of  other 
ketones. 

7.  By  the  action  of  phosphoric  pentachloride  on  ketones,  the 
oxygen  is  displaced  by  the  equivalent  amount  of  chlorine  : 

CH,.CO.CH^  +  pa,  =:  CH3.CCI3.CII,  +  pocv 

DiBMllqfl  kftont.  S-OkhknpiopMit. 

The  pentabromide  has  a  similar  action  in  many  cases,  and  in 
others  acts  as  a  brominating  agent. 

8.  When  submitted  to  the  action  of  chlorine  or  bromine,  they 
furnish  haloid  substitution  derivatives.  Dimethyl  ketone  forms 
an  unstable  additive  compound  with  bromine,  but  this  haa  not 
been  obstrvcd  to  take  place  with  other  ki-tones. 

9.  Their  behaviour  when  heated  with  alkalies  is  somewhat 
similar  to  that  on  oxidation,  one  of  the  hvdroearljon  radicles 
being  split  off  in  combination  with  hydrogen,  and  dis})laced  by 
the  residue  OM'  of  the  metallic  hydroxide  HOM',  so  that  a 
hydrocarbon  and  a  metallic  salt  are  produced ;  thus  : 

CjHj.CO.C.Hj  +  HOK  =  CJI,  +  CjH,.COOK. 

Probably  the  radicle  which  is  split  off  is  the  same  as  is  removed 
Mid  separately  oxidized  on  treatment  with  oxidizing  agents. 

10.  The  ketones  undergo  condensation  under  the  influence  of 
various  reagents,  C8i>ecially  hydrochloric  and  sulphuric  acid, 
although  much  less  readily  than  the  aldehydes. 

The  chsngst  are  spparsnfly  of  a  pKOsely  umilsr  oharsoter  to  those  whidi 

result  in  the  formation  of  condensation  ptodactn  of  the  aldehydes  ^comp.  p.  717). 
Thos  when  soetoae  is  astuntcd  with  gsseoos  h^drochlorie  sdd,  sad  the  tolatioii 
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allowtd  to  aUad  Sac  ■ohm  dayn,  two  ketones  remltbg  froin  ihe  oondenaation  of 
two  and  three  moleealci  reqpcctiveljr  of  aoeUmo  are  prodaoed,  termed  nwaityloKid^ 
C,H^,0,  and  phorone,  Cfl^fi;  the  fiMrmatum  of  tlie  fiinner  nuiy  he  repreeented 
in  the  following  manner: 

CH,.CO.CH,  +  HCl  =  CH,CC1(0H).CH,; 
CH,.CC1(0H).CH,  +  CH,.CO.CH,  «  (CHJ,Cz:X;H,CO.CH,  +  OH,  +  HClj 

and  the  latter  may  he  r^arded  aa  formed  in  a  peoiae^  eimilar  manner  firom  the 
former  and  acetone.    A^n,  when  acetone  ia  aupefnllj  diatilled  with  ooncentrated 

•nlpburic  aoid,  nesityloxide  and' the  modification  of  trimethylbenzene  known  aa 
mesih  leiio  are  obtained,  this  hydrocarbon  being  probably  the  product  of  the 
interaction  ot  several  molecules  of  the  compound  formed  by  the  union  of  the 
acetone  with  the  acid ;  thuts : 

CIIj.CO.ClI,  +  }I  SO^  =  CH,.C(OH)(HSO^).CH,; 
3CH,.C(OHj(HiiOJ.CH,  -  C,H,(CHJ,  +  3OH,  +  3H,S(\. 

Condensation  prodnct«  are  also  obtained  by  the  action  of  sodium,  calcic  oxide, 
zincic  chloride,  the  zinc  or<jano-meuillic  compounds,  &.c. ;  and  by  acting  on 
mixtures  of  ketones  with  hydrochloric  and  sulphuric  acids,  <Vc.,  compounds 
homologous  with  mesityloxide  and  with  mesitylene  may  be  produced.  Apparently 
the  eondenaation  of  the  ketonea  reqoirea  the  presence  of  a  reiy  much  laiger 
amount  of  the  condensing  agent  than  suffices  to  unditoe  similar  changes  in  the 
case  of  the  aldehydes.  Thus,  if  methylphenyl  ketone,  CHj.CO.C^H^,  be  merely 
saturuted  with  hydrochloric  acid  gas,  no  change  takes  place,  but  it'  it  Ik*  ^«u|^er- 
saluruled,  and  the  mixture  allowed  to  stand,  the  bydrocmbou  triphenylbtiuzeoe, 
C,U,(C,H^,,  is  produced  in  oonaiderable  quantity  (Heyne) :  the  separation  of  tha 
elementa  of  water  from  aeveral  molecnles  of  the  oomponnd  C,H,.CC1(0U).CH,, 
formed  by  the  union  of  the  ketone  and  acid,  woold  appear  thare&re  to  take  plaa0 
only  under  the  dehydrating  influence  of  the  excew  of  acid. 

^  I,  Kbtonbs  op  TBI  (CnH||B4.|),CO  Sbuu. 

(1673)  Dimethyl  ketone  or  Acetone  :  C3HgO  =  CH3.CO.CH3. 
—This  ketODe  is  formed: — i.  By  the  oxidation  of  isopropylic 
alcohol.  2.  By  the  dry  distillation  of  acetates.  Baric  acetate 
'  yields  a  pure  product ;  calcic  acetate  reqnizes  a  higher  tempera- 
ture to  decompose  it^  and  in  consequence  a  part  of  the  acetone 
nndeigoes  change;  this  salt^  howe?er«  ia  most  oonveniently 
employed  for  the  preparation  of  acetone.  According  to  Fittig 
{Aim,  Chem»  Pharm,,  ex.  ly),  the  cmde  product  of  the  distillation 
of  acetates  ccmtains^  besides  acetone^  ethyl-  and  propyhnethjl 
ketones  and  dnmasin,  Ofiyfl,  an  isomeride  of  mesitylozide.  3. 
By  the  action  of  lindc  methide  on  acetic  chloride.  4.  B7  oxi- 
dation of  oxyisobntyrio  acid,  (CH,}sC(OH).COOH.  5.  By  the 
decomposition  of  ethylic  aoetoaoetate,  CH,.C0.CH,.C00C2lL, 
with  baryta  water.  6.  By  the  action  of  water  at  about  200^ 
(392°  F.)  on  ^dichloropropane,  CHs.CCl2.CH3,  and  ^-dibromo- 
propaue ;  on  /3-dicbloropropaiie,  CHjj.CHCLCHgCI,  and  /3-dibro- 
mopropaue,  (the  former  yielding  at  the  same  time  a  certain 
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quantity  of  the  isomeric  propaldehyde,*  CH,.CHg.COHJ  and  ou 
cUoropropylene,  CUjj.CCl::::CHy  and  bromopropylene  (Liune- 
mann,  ibid.,  clxi.  58 — 70).  7,  Together  with  other  prodttcts,  by 
the  decomposition  of  acetic  acid  at  high  temperatures,  and  by 
the  dry  distillation  of  tartaric  and  citric  acids,  carbohydrates, 
and  wood  j  henoe  it  occnrs  in  cmde  wood  spirit.  It  has  been 
found  in  the  nrine  in  cases  of  diabetes  (Mari^ownikoff^  ibid,, 
clxxxii.  362). 

Dimethyl  ketone  is  a  mobile  colourless  liquid^  of  pecoliar 
pleasant  odour,  miscible  in  all  proportions  with  water,  alcohol, 
and  ether;  it  boils  at  56"^  (132^*8  F.)  and  at  has  the  sp.  gr. 
'814.  Like  alcohol,  it  dissolves  a  large  number  of  substances 
insoluble  in  water.  It  readily  unites  with  acid  sulphites,  forming 
sulpho-salts  as  2 [(C  1^3)30(0 Hj.SOgK]  ^-OH^,  which  crystallises  in 
glistening  scales,  moderately  soluble  in  water ;  the  corresponding 
sodium  and  ammonium  salts  arc  anhydrous  ;  the  ketone  is  readily 
liberated  from  thei«e  compounds  by  treatment  with  sodic  car- 
bonate. By  the  action  of  nascent  hydrogen,  dimethyl  ketone  is 
converted  into  dimethylcarbinol  and  tetramethylglyeol  or 
piuacone  (comp.  p.  774).  When  oxidized  either  by  the  ordinary 
chromic  acid  mixture,  or  chromic  acid,  by  a  neutral,  alkaline  or 
acid  solution  of  potassic  jTerraanganatc,  or  by  bromine  and  argentic 
oxide,  it  yields  acetic  acid  and  carbonic  anhydride  (Hercz,  Deut. 
chern.  Ges.  Ber.,  viii.  loni),  scarcely  any  formic  acid  being 
obtained  as  it  is  for  the  most  part  further  oxidized.  Phosphoric 
pentachloride  converts  acetone  into  S-dichloropropane,  dimethyl- 
dichloromethane  or  methylchloracctol,  CHj.CCl^.CH^,  and  the 
oomsponding  dibromopropane  is  obtained  by  the  action  of  the 
pentabromide.  It  is  yioleutiy  acted  upon  by  phosphoric  tri- 
sulphide;  on  distilling  the  product  and  fractionstiDg  the  dis- 
tillate, the  so-called  du/tlothiaeeiime,  Cfi^^  is  obtained  as  a 
liquid  boiling  at  183**— 188**  (361%— 370^4  F.)  (Wislicenus, 
Zeits,  Chem.  [a],  334). 

When  gaseous  anhydrous  liydrocyanic  add  is  passed  into  cooled  acetone,  much 
heat  is  developed,  and  a  liquid  product  is  obtained,  which  distils  for  the  most 
part  at  about  lao*'  (248°  F.).  ooonsting  of  the  cyanide  CH..C(OH)(CN).CH, ; 
this  oompound  is  reiy  niMtable,  acetone  being  liberated,  and  a  precipitate  of 


*  It  may  be  supposed  tiias  flw  diehkMropropaDe  ia  fltit  deeompoeed  wHh 
ahnoHaaeoiis  Ibnnatnm  of  the  two  ohloropropyluiea,  CH,.CIfIzCHCl  and 
CH,.CCIIZCH, ;  and  that  these  enter  into  reaction  with  water  at  the  moment 

of  t'ormation  :    tlie   one   yielding   propal Jt'liyde :    CH^.CHlzCHCl  +  OH,  = 
CH,.CH,.CHC1(()H)  -  HCI  +  ClI^.CH,.COH  jUie  other  acetone ;  CH,.CCli::CH, 
OU,  =  CH,.CC1(0H  ;.Cli,  =  HCl  +  CH,.CO.Cli,. 
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argentic  cyanide  produced  on  mixing  it  with  argentic  nitrate  solution;  when 
digested  with  li^drocbluric  acid,  it  yields  ox}'it«obutyric  or  acetonic  acid, 
(CH,),C(Oti).COOH.  If,  howerer,  slightly  moirt  pure  potMUO  eyanide  » 
oorered  with  acetone,  and  hydroehlorie  amd  in  added  in  the  pioportton  of  only 

one  molecale  tiOf  eMh  molecule  of  cyanide  prem^nt,  a  crystalline  substance, 
which  may  be  represented  by  the  fonr.uhi  (('IlJ./'(01I).().C(CH,),(CN)  = 
2(ril,),.('(OH).CN  — OII^  is  prodiuiMl  ;  when  di^'cs led  with  hydrochloric  acid, 
this  cuiiipuund  yields  but  It  a^-etune  and  acetunic  acid.  La^itly,  if  a  mixture  of 
acetone,  potawic  cyauiJe,  and  potaadc  eyanate  is  mmilarly  trertedt  aeeton^lurea, 
I  NH.C(Ciy.. 

CO  <       I  ia  obtained,  being  formed  by  the  ooninnction  of  ainglt 

noleeolea  of  aeetone,  hydrocyanic  acid,  and  cyaa^  acid ;  when  heated  witik 
hydrochloric  acid  at  about  150*  (302^  F.)>  thia  oomponnd  yieldeamidmaobatyria 
•cid,  (CH,),C(N1I,).C00H  (Urech.  Ann,  Chem.  Pkann,,  dxiv.  255.) 

According  to  Heinlz  (ibid.,  clxxiv.  T33  ;  clxxviii.  305.  326;  cixxxiii,  276, 
283,  290 ;  clxxxv.  I  ;  clxxxvii.  233),  acetone  yit  lds  a  sie.ries  of  bsi»ic  substances 
when  submitted  to  the  action  of  ammonia;  tliu  hrst  product  is  diacetonamine, 
C«H,,NOj,  which  is  be»t  prepared  by  paaaing  ammoni*  gaa  and  aeetone  vapoar 
through  a  IiiebigV  condenser  heated  to  100^  (2x2*  F.);  on  boilbg  this  com- 
pound with  acetone,  or  iiubnntting  acetone  to  the  more  prolonged  action  of 
ammonia,  triacetonawine,  ('^1I|.N(>,  together  with  Hnmll  quantitien  of  an  iso- 
meric baiie,  and  of  dvhi^if  ruf  ri<ir(  (iniamine,  ^^',11,^^*',  are  obtained.  Diaceton- 
amine  is  a  colourleaK,  Mtroiigly  alkaline  liquid,  of  peculiar  ammouiacad  odour, 
which  deoompoeea  partially  on  distilla^on;  it  yields  crystalline  salts  with 
several  adds.  Most  pmbably  it  has  the  formula  CH,.C0.CH^C(GHJ,.NH.. 
When  acted  upon  by  nitrous  acid,  it  yields  mesityloxide  and  diaceUme  alcohol, 
CHj.CO.CHj.C(CHj)j.0ll,  a  colourless,  syrupy  liquid,  boiling  constantly  at 
'^4°  (327***2  ^  which  is  perhaps  the  oxygen  analogue  of  the  so-called 
duplotbiaoetone  mentioned  above ;  and  when  submitted  to  the  action  of  nascent 
hydrogen,  it  forms  diaettonalkamine,  (?)  C  H,.CU(OH)  CH^C(CH  ),.NH,,  a 
monacid  base  boiling  at  175°  (347**  F.).  Tri  ace  ton  amine  crystalliise  in  long 
needles  or  quadratic  plates,  which  melt  at  39°'6  (i03*'*3  F.),  and  decompose  at 
higher  temperatures ;  on  hydrogenation  it  yields  triacetonalkamine,  V,j\l  ,}iO, 
which  crystallizes  in  octahedra,  melting  at  I28°'5  (262°'4  F.) ;  nitroub  acid 
cunverta  it  into  nitrosotriacetoKamine,  C,11^^(N0)2^0,  proving  that  it  is  aa 
teiMfb^mpoond. 

Dimethyl  ketone  haa  been  shown  by  Reynolds  (Proc.  Roy.  80c.,  187 1, sis. 
431)  to  combine  with  mercuric  oxide,  a  pro|)erty  which  its  homologues  appear 
to  share  with  it;  the  resulting  compounds  belong  to  the  class  of  colloid  btMlies*, 
and  exhibit  somewhat  remarkable  properties.  To  obtain  the  comj^ouud  of  ace- 
tone, solutiona  of  40  grams  HgCl,  in  about  500  cc  9i  water,  and  of  29  grams 
KHO  in  about  300  ca,  of  water,  aw  prepared.  About  150  cc.  of  the  alkali 
are  added  to  a  solution  of  15 — 20  cc.  of  acetone  in  250  cc.  of  water,  and  then 
about  250  cc.  of  the  mercuric  chloride  solution  ;  the  precipitated  mercuric  oxide 
is  at  first  only  slowly  redissolved,  if  the  licpiid  be  not  w?irmed  ;  but  after  a  time 
it  quickly  redissolves  if  the  mixture  be  briskly  agitated.  When  the  first  half  of 
the  mercorie  diloride  solution  haa  been  added,  the  remaining  1 50  o.c  of  alkali 
we  cautaonaly  poured  in,  and  then  mwcnric  chloride  is  added  until »  white  pre* 
dpitate  makes  its  appearance.  The  filtered  liquid  is  now  dialysed  to  remove  the 
excess  of  alkali  and  the  potassic  chloride,  the  difTusate  being  freqtiently  replaced 
by  pure  water,  and  the  process  terminated  when  the  ditfusate  no  longer  contains 
chloride.  The  solution  thus  obtained  is  neutral  to  test  paper;  if  containiog 
5  per  cent  of  the  auhydroua  oompound,  it  will,  if  pure,  remain  liquid  £br  it— 14 
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dijs,  bat  after  that  time  Mta  to  a  jellj,  and  pectiaatfam  may  be  bnmgbt  aboat 

in  a  few  seoond*  by  heating  it  to  50°  (122°  F.),  or  Ij  the  addition  of  veiy 

minute  quantities  of  hydrochloric,  acetic,  nitric,  and  maoj  other  acids,  of  the 
alkaline  hydrates,  and  of  many  neutral  saltti.  The  subctance  whioli  separateii, 
after  drying;  first  in  vacuo  and  then  at  100° '(212''  F.),  has  the  cotnportition 
[(CU,),CO],ilg,0,,  but  probably  the  solation  contains  the  very  unitable  hydrate 
of  thtfl  body;  inofeoTer»  thu  hydrate  ezhibiti  diatinetly  marked  although  ea> 
Mmely  feeUe  acid  charactera ;  Reynolds,  in  fact,  haa  been  led  from  hia  experi- 
ments* to  regard  it  as*  a  tetrahasic  acid.  Sodic,  baric,  and  even  (silcic  hydrate 
may  be  used  in  place  of  potJiiM.ic  hydrate ;  it  h  noteworthy  also,  that  the  preci- 
pitate caused  by  acetic  acid  in  a  solution  of  the  "  potassium  derivate"  ia  soluble 
in  eocoeai  of  poteeeb  bydnite  immediately  ajter  iit  JbrmaUom,  but  that  it  iooii 
kiMa  this  properly.  Beynolda  states  that  aoeUme  may  be  detected  witii  laeQity 
by  means  of  thin  compoand  (/be.  eiC  ,  p.  440).  Some  at  least  of  the  homologoes 
of  dimethyl  ketone  behave  similarly  with  mercuric  oxide. 

(1674).  Haloid  Dkhivati vks  of  dimethyl  ketone. — Chlorine  i8  readily 
absorbed  by  acetone  at  ordinary  temperatures,  mutUKAloracetone,  CHj.CO.CH^Cl, 
and  fi-^kUnweione,  CH,.CO.CUCI,,  being  formed  aoeording  to  the  proportion 
of  dilorine  need  (oomp.  Bischoff,  JDkmt.  eiem.  Oe*.  Ber.,  ▼  863 ;  Tiii.  1329 ; 
Mulder,  ibid.;  too;  ;  Theegarteo,  iHd»,  vi.  897) ;  the  product  is  contaminated, 
however,  with  other  subtttancet?  resnltlnj^  from  the  action  of  the  chlorine  on  the 
condensation  products  ^neraled  by  the  iiction  of  the  hydrochloric  acid  on  the 
acetone,  two  of  which  of  llie  composition  {r)  C^iI,Cl,0  and  C,UyCl,0  have  been 
iKdated  by  Gmbowski  {ibid.,  viii.  1438).  Honoehloraeetone  is  also  formed  by 
the  action  of  hypochloroos  add  on  acetone  (Holder);  and  by  the  aetaon  of  eol- 
phnrie  acid  on  the  dichloropropylene  CH^Cl.CCIZZCH,  (Henry,  ibid.,  v.  986).  It 
IB  a  polourless  liquid, difficultly  soluble  in  water,  boiling  at  alx)ut  119°  (246'*2  F,), 
which  does  not  combine  with  acid  sulphites.  On  treatment  with  argentic  oxide 
and  water,  it  yields  acetic,  gly colic,  and  formic  acids  (Linnemann).  Uydrocy- 
aaio  aeid  oombincs  with  it,  fi>rming  the  cyanide  CH^C(0H)(CN).CH,C1,  which  on 
digestion  with 'by drochlorio  arid  is  converted  into  monochloroxyisobutyrie  acid 
(monochloracetonic  acid),  CH,.C(CH,CI)(OH).COOH  (HisehofT).  It  readily 
enters  into  reaction  with  potn.«sic  acetate,  forming  the  acetate  CHj.(.'O.CH.,(('JIj(  )J 
(Henry);  and  with  putiuisic  iodide,  potassio  cyanide,  and  the  normal  sulithites 
(Glutz,  Journ.pr.  Chem.  [2],  i.  141).  Concentrated  nitric  acid  converts  it  into 
a  ciystalline  body  of  the  formula  C,H,C1X0,  (Gluti,  Barbaglia,  Unit  dksi.  Qt9, 
JBer.,  vi.  320). 

p-Dichlora<'etone,  CH^.CO.CUCl^,  which  is  best  prepared  by  passing  chlorine 
into  acetone  until  it  is  saturated,  heating  the  liquid  in  the  water  bath  towards  the 
clotie  of  the  operation,  also  boil.s  at  about  1 20°  (248'^  F.) ;  it  is  said  that  its  vapour, 
like  that  of  monocli  lor  acetone,  exerts  a  most  irritating  action  on  the  eyes  and  nose, 
hot  aoeording  to  Fittig  and  Borrehe  this  is  dae  to  the  preeenoe  of  impurities. 
According  to  Linnemann  and  V.  Zotta.  it  is  converted  into  ordinary  lactic  add 
when  heated  with  water  at  200°  (392°  F  )  It  combines  with  hydrocyanic  acid,  and 
the  resultin<^  cyanide  yieldHf/iV7i/r//v^xyi>oiu^yricaci(<,CHg.C(CllCl^(OU.).COOH, 
on  digestion  with  hydrochloric  acid  (HiMchotT). 

tt^DiMfroMioM  t  CII,C1.C0.CH,CI,  is  obtained  by  oxidation  of  dichlorieo- 
propylic  aloohol  or  diohlorbydrin  (p.  541)  with  diromic  add  mixtnre ;  it  boils  at 
about  170°  (338°  F.).  It  forms  a  crystalline  compound  with  sodic  bydric  sal- 
phite — with  which  5  dichloracetone  also  unites — ami  yii  lds  crystalline  products 
with  potaasic  iodide,  potasaic  thiocyanate,  and  potassio  cyanide,  the  last-named  sub- 
stance eonTertingitutoa<7ano-deriTativeoftheoompo«tion^|^,||'^,|j*|^^^  |  O, 
analogous  to  that  formed  by  acetone  and  tsoaierie  with  the  oompoond 
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pvodoeed  ia  «  nmflar  mamwr  horn.  /S-dkshknMtone  (Glots  and  Fiaoher, 

iHd.,  iv.  52). 

By  oxidation  of  chlorobromhydrin,  CK2Cl.CH(0H).CHjHr,  the  corresponding 
a'chlorobromacctonc.  CHjCl.CO.CH J?r,  is  obtained;  it  is  a  crystalline  sub- 
sianoe,  which  melu  at  about  35°  (95°  F.),  boils  at  about  180"  (356"  F.), 
and  wmbines  wtth  socUo  bydrio  sulplute  (TheegarteD,  DnU,  ektm.  Get,  Ber., 
vi.  1276). 

Aooofdilig  to  Barbaglia  (tM^  vti.  467 1 ),  the  product  of  the  action  of 

cWorinp  on  well-cooled  acetone  contains  a  crystalline  body  of  the  composition  of 
dicblonicetone,  which  is  deposited  in  large  prisms  from  the  portion  boiling  at 
140"" — 170°  (284°— 338°  F.) ;  the  same  sul^tance  was  obtained  by  Markow- 
nikoff  on  oxidttion  of  diohlorhydrin.  It  melta  at  44°  (i  1 1^*2  F.),  and  probably 
if  a  polymeride  of  dichloraoetone  (oomp.  Btadiiiff,  Hid,,  Tiii.  1529,  and 
Grabowski,  loc.  cit.). 

Pure  acetone,  saturated  with  chlorine  in  the  cold,  absorbs  a  further  quantity 
of  the  gas  in  sunlight  and  on  warming,  especially  if  the  chlorine  be  moist, 
forming  trichloracetone,  but  the  chlorination  docs  not  proceed  further 
(WaduM,  toe.  eii.).  Itia  a  oolonrlena  oil,  boiling  at  about  171°  (338'' F.), 
which  combines  with  wat^r  with  great  avidity  to  form  a  crystalline  hydrate, 
C,H,C1,0  4-  ,(2CH.J0H,,  melting  at  about  44**  ( i  r  i'-2  F.),  from  wfiich  it  may  be 
wparated  by  the  action  of  hydrochloric  acid  gas  (Knimer.  ifjiJ.,  vii.  2561  ; 
BischotV,  viii.  1336).  It  does  not  combine  with  acid  suljihites;  on  warming  it 
with  aniline  and  potasaic  hydrate,  phenylic  isocyanide  i»  produced,  showing  that 
it  yields  chloroform  on  decomposition  with  dkali,  and  hence  that  it  luw  the 
formula  CHj.CO.CClj ;  it  combines  with  hydrocyanic  acid,  and  the  product  yields 
trichlwacetonic  acid,  CU..C(CCIJ(OU).COOU,  on  digestion  with  hydro- 
cbloric  acid  (Bischoff), 

By  saturating  a  solution  of  acetone  in  methylic  alcohol  with  chlorine, 
fractionating  the  product,  and  strongly  cooling  the  various  fractiona  of  the 
portion  boiling  at  160*— 180'  (330^—356*  F.)  in  contact  with  water.  Bisehoff 
has  succeeded  in  separating  the  hydrate  of  tetrachloracetone  from  that  of 
trichloracetone.  and  from  a  mixed  hydrate  of  tri-  and  tetrachloracetone  of  the 
formula  (\,H/'M  )  +  CJI  CI/)  +  6H  ,0.  Tetrachloracetone,  C\\  y\  CO.CCi., 
iieparated  from  the  hydrate  by  means  of  hydrochloric  acid,  is  an  extremely  volatile 
snbstance  poMCssing  a  most  irritating  odour,  the  irritatioii  which  is  frequently 
experienoed  on  workipg  with  the  chlorinated  derivatives  of  acetone  being  probably 
mainly  caused  by  it  The  hydrate,  C,H,CI^O  +  4OH,,  meltj*  at  about  39* 
(io2'^2  F.).  A  corresponding  dibromodicbloraoetone  is  formed  by  the  action  of 
bromine  on  dichlorhydrin  (cotnp.  p.  542). 

Pentarhloracetone,  according  to  Staedeler,  is  formed  by  the  action  of  a 
mixture  of  potassie  chlwvta  and  hydrodilorio  acid  on  a  number  of  substances, 
amongst  others  mtric,  sali^qrlw,  gallic  and  qninie  acids,  qninone,  pyrogalbl, 
albumin  and  muscular  flesh.  It  is  a  colourless  oil,  boiling  at  about  190^ 
(374°  ^•)'  ^^'^^'^'^  forms  n  cryr^talline  livlrnte  wlHi  4  moh.  water.  TJexachlor' 
acetone  is  produced  by  the  action  of  chlorine  in  sunshine  on  a  Mohitiiui  of  citric 
acid,  which  yields  acetone  on  oxidation;  it  boils  at  about  200°  (392'  F.^,  and 
fbrms  a  oryatdline  hydrate  with  i  raol.  of  water. 

"[Rte  action  of  bromhie  on  acetone  gives  rise  in  the  first  instance  to  the  pro* 
duction  of  a  highly  unstable  additive  compound,  C,H,OBrj  (Linnemann),  and  snb- 
sequently  of  substitution  derivatives.  The  mono  and  dibromo-derivatives  are 
liquids  wliicli  decompose  on  distillation ;  they  combine  with  acid  sulphites 
(Emmerlitig,  ibid.t  vi.  22;  Lokolowsky,  ix.  1687).  Pentabromacetone, 
obtwned  by  the  action  of  an  excess  of  bromine  on  acetone  (Holder),  is  identical 
with  the  so-called  bnmuHnfonn  of  CUumub  formed  by  the  action  of  bromine  00 
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solntions  of  citrates,  and  with  the  parabromalide  of  Cloez  (Grimaux  ;  comp.  pp. 
425 — 46 1).  It  cryntallitM  in  loskrotu  tilky  needle*  whieh  melt  at  75*^  (165'*  F.). 

JKwftrowartftone.— CBr„  CO.CBr,  (foot  note,  p.  797),  erystalliiee  in  prienis 
velting:  at  108°  (226°"4  F.) ;  it  i«  readily  decomposed  by  ammonia  in  aooord* 
•nee  with  the  equation  :  CFir^.CO.Clir,  +  Nil,  ^  lU'Br,  +  CBr,.CO.NHj. 

^-D{i<"f'H  f  fo>ie  (?),  C'H^.CO.l'III,,  is  produced  by  gently  heating  acetone  with 
an  aqueous  solution  of  iodine  monocliloride ;  it  i«  a  heavy  oil,  which  readily 
deeompoMi  with  eepantion  of  iodine  (Maiwell  Simpeon).  a'DHodoMUme, 
CH^.GO.CH,I,  Moofding  to  Olats  and  Fiicher,  ia  oryataUine. 

(1675)  H0MOLOGUE8  OF  Dimethyl  ketone. — A  considerable 
number  of  ketones  homologous  with  acetone  have  been  prei>ared, 
bat  with  few  exception only  their  behaviour  on  oxidation  and 
with  acid  sulphites  lias  been  ascertained.  They  have  mostly 
been  obtained  either  by  the  action  of  zinc  organo-metallic  ooro- 
ponnds  on  acid  chlorides,  or  by  distillation  of  the  calcic  salts  of 
acids  of  the  acetic  series.  Two  only  which  are  especially 
interesting  need  therefore  be  described. 

(1676)  Metrtl  TERTiARY-BrxYL  KETONE  ;  pi'nacoltn  :  C^HjjO  = 
C(CHj)j.C<  ).CH  . — This  ketone  was  discovered  by  Fittini;  in  l  859,  wlio  obtained 
it  by  distilling  pinacone  or  tetramethylglycol  (1502)  with  dilute  sulphuric  acid 
(comp.  p.  773)  ;  ita  nature  waa  not  aacertained,  however,  nntal  1873 — 1874, 
when  Friedel  and  SiWa  {Oampt,  Bend,^  lixvti.  48)  converted  it  by  oxidation 
into  an  acid  of  the  same  composition  aa  valeric  acid,  CJHj^O,,  which  tliey  termed 
**  pivaUrand"  but  which  liutlerow  shortly  afterwards  proved  to  be  tiini'.t  It  acetic 
acid,  C((.'Hjj)j.L'()(.>H,  the  same  chemist  forming  pinacolin  itself  by  t!n'  a:.tion  of 
zincic  metbide  on  trimetbacetic  chloride  (Ann.  Chem.  Phar-m.^  clxxiii.  355  ; 
elzziT.  125).  It  ia  a  colonrleea  liquid  of  peppermint-like  odour,  dmoat  inaolnble 
hi  water,  boiling  at  106°  (22  2°'8  F.);  att  already  mentioned, 'it  yields  trime- 
tlweetic  acid  on  oxidation,  but  it  is  only  slowly  attacked  by  the  ordinary  chromic 
acid  mixture.  It  does  not  combine  with  acid  sulphites.  It  yields  a  crystalline 
dichlorinateti  (ierivativu  on  treatment  with  chlorine  (Fittig,  ihid.,  cxiv.  54). 

(1677)  Mbthylmohyl  KBTONB :  C„1I^0  =  CH,.CO.C,H„*— This  ketone, 
whidi  may  be  aitifidally  produced  by  dintilling  a  miztuie  of  the  caloinm  aalte  of 
•eetie  and  deoylic  or  capric  acids,  is  the  ciiief  constituent  of  the  volatile  oil  of 
garden  rue  [Ruta  graveolens).  It  is  a  colourless  strofigly  refracting  oil,  boiling 
constantly  at  224"  (435°-2  F.)  ;  when  cooled  to  5°— 6°  (41*'— 42*-8  F.)  it 
forms  a  crystalline  masa  which  melts  at  15' — 16"*  (59^ — do^-^  F.)  ((iorup 
Besanez  and  Grimm,  »6te{.,  civii.  275).  According  to  Giesecke  (Zeits.  Chem. 
[2],  vi.  428),  it  is  readily  oxidised  by  chromio  acid  mixture,  yielding  ace^e  and 
nonylicor  pelargonic  acids,  CJI,y.C(  )01I  ;  whilst  nascent  hydrogen  converts  it 
into  nonylmethylcarbinol,  ('lIj,CH(()H).C^Hjg.  and  a  body  of  very  high  boiling 
point  which  is  probably  the  corresponding  pinacone.  Nonylmetliyloarbinol  ia  a 
viscid  liquid,  insoluble  in  water,  boiling  at  about  228°  (442^-4  F.). 

(1678)  The  following  table  is  a  list  of  the  ketones  of  the 
(C|tH2B.,.i)gC0  series  at  present  known: 
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^  11.  Kbxones  of  the  CO  I  ^"5****  and  C0{C^H^^^)^  Series. 

(1679)  The  following  ketones  of  the  C.Hjn+i.CO.CjjHj.,  series 
are  known ; 

B.P.»C. 

MeUiylpliMiyl  ketone  .  .  .  CH,.COC,H,  200" 
Ethylphenyl  ketone  ....  C^H^.CO  C'^H,  209" 
MetUylb-nzy I  ketone  .  .  .  CH,.CO.CK^.C,H,  215* 
Propylplienyl  ketone       .     .    .    C^H.'.CO.C^H,  22 1"* 

Isopropvlphenyl  ketone  .    .    .    C,HAC()C,Kj  below  217" 

Ethylbe'nzyl  ketone  ....  C,H',  t:O.CH,.C,H,  226' 
Hethylpbenetbyl  ketone .  .  .  CH,.C0.CI1,  CH,X\H.  236* 
I»butylphenyl  ketone  .  .  .  (CH  )  (H  ('H,.CO.C.H,  226* 
Iwpropylbeni^yl  ketone  .    .    .    C,H,^  ijU.ClI,.C,H,  — 

With  the  exception  of  methylphenethyl  ketone,  these  have 
all  been  prepared  by  distilliug  mixtures  of  the  calcic  salt  of 
bensoic,  or  of  phenylacetic  (C,Hg.CH2.C00H)  acid,  with  the 
calcic'  Bait  of  an  acid  of  the  acetic  aeries.  Methyl  and  ethyl- 
phenyl ketones  have  also  been  obtained  by  the  action  of  aincic 
meihide  and  ethide  respectively  on  benzoic  chloride^  C^Hg.COCl, 
ethylbenzyl  ketone  having  been  prepared  in  a  similar  manner 
firom  phenylacetic  chloride^  CgMg.CH^  COCl.  Methyl phenethyl 
ketone  is  the  product  of  the  action  of  alkalies  on  ethylic  aoeto- 

benzyhicetate,  CH,.CO.CH  I  ^qq^     ■  Methyl-  and  ethylbenayl 

ketone  and  methylphenethyl  ketone  are  the  only  ones  which  form 

compounds  with  acid  sulphites. 

Methylphknyl  ketone  or  acetophenone  crystallizes  in  large  colourless 
plate»  which  melt  at  14°  ^^-)»  &nd  it  boiU  at  about  200"  (372°  F.).  It 

yields  eerbonie  anhydride,  water,  and  benxoie  eeid  on  ozidalion  (Popoff).  By 
the  action  of  ammonia  at  the  boilingf  temperature  in  p  esence  of  phoephorie 
anhydride,  it  is  converted  into  a  crystalline  highly  stable  basic  compound^ 
(?)  C^HjjN  (Engler  and  Heine),  a  small  quantity  of  triphenylbenzene,  which  is 
more  readily  obtained  by  the  atrtiuu  of  hydrocliloric  acid  (p.  77S),  being  also 
prodnoed.  By  acting  on  it  with  chlorine  at  the  boiling  point,  it  is  converted 
into  eblovomeChylphenyl  ketone,  CH,CLOO.C,H,,  from  which  the  aoetato  and 
eomaponding  alcuhol  maybe  prepared  (Graebe;  comp.  Hnnaeoa  and  Zineke, 
Deut.  ehem.  Gcs.  Bcr.,  i.  i486).  Bromine  at  ordinary  tt'mjx'ratures  forms 
tlie  two  isomeric  compounds  C^U^.CO.CU^Br  and  C^H^Br.CO.CH,  (£mmerhng 
and  Engler,  ibid.,\y.  147). 

The  mnauiing  membert  of  the  series  are  liquids.  Ethylphenyl  keUme  and 
meikyUfenxyl  b^tme  yield  benioio  and  aeetio  acids  on  oiidatMo,  whilst  dhyUeneyl 
ketone  forms  bensoio  and  propionic  acids  (Popoff,  ibid.^  v.  500).  Propyl  phenyl 
ketone  yields  benzoic  and  propionic  acids  (Schmidt  and  Fieberg,  ibid.t  vi.  498), 
whilst  isopropyl phenyl  ketone  yields  benzoic  and  acetic  acids,  the  latter  being 
doubtless  formed  from  the  acetone  which  is  the  primary  product  of  oxidalitiu. 
Methylphenethyl  Mme  also  yidds  only  benzole  add  and  earbonio  anhydride,  the 
pheaylaoeUe  add  which  is  first  pnidooed  bdng  at  once  fhrkher  oudised  (Ehrlich, 
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Ann.  Chem.  Tharm.,  18).    Tsopropi/lhenzpl  X-^^on?,  howpver,  yields 

benzoic  and  isobutyric  acids  ( I'opott"  and  Fuclis,  Utid.t  ix.  1605),  which  are  alto 
obtaitjed  on  oxidation  of  iHobutylphenjl  ketone. 

Ou  reduction,  meth}  Iphenyl  ketone  yteldt  lx)th  melhylphenylcarbinol  (1479) 
and  dimethyldiphenylgljool,  (C(CH,)(C,H,)  OH),,  a  eryiUiiit  wAAwom  wbidi 
melte  at  about  120*  (248®  F.)  (Eramerling  and  Engler,  ihid.,  vi.  1005); 
ethylphi  tiyl  ketone  behaves  similarly  (1480),  and  propylphenyl  ketone  also 
yields  the  correspoTidinf?  monohydric  alcohol,  top-tiuT  with  the  dihydric  alcohol 
homologouH  with  hydrubenzoiu  :  the  latter  crystallizes  in  long  needles  melting 
«t64°  (i47°-2  F.). 

(1680)  The  C0(C„H^_7)j  •erics  indudet  the  followioff : 

M.  P.      H.  P.  '  C 

Diphenyl  ketxme     .     .     .    C,H,.CO  C,H,  26"  and  49°  300'*' 

Paraphei.yltolyl  ketone     •  I  C.H..CO.CA.CH,  |  57*  Z^A^ 

Orthophenyltolyl  ketone  .  j    •  •        *  *      M  — 
Pbenylbenzyl  ketone  .    .    C,H,.CO.CH,.C,H,  55*  — 

Paraditolvl  ketone  .   .    .    CH,.CJI,  O  ).C.H,  CH,         95'  — 
Dibenzyl  ketone     .    .    .  CH  ,.C(  ).CH,.C,H^  30*  320* 

Phenylcyinyl  ketone    .    .    (\H^.CO.C,H,(CH,)((VI,)-     —  340° 
J}{pfiehj/f  l-efone  is  forint'tl  by  disstillation  of  calcic  benxoate;  by  heating 
mercury  diphfiiyl   with  benioic  chloride  at  iSo°  (356^  F.) :  Hg(C,U^  + 
2C,H, COCl  =  (C,H J,CO  +  HgCl,  (Otto);  by  heating  a  mixtaire  of  )mSn% 
benaoio  acid  and  phoaphorie  anhydride  at  about  180**  (356**  F.)  (KoUarili  and 
Men,  ibid.,t,  447;  vi.  536);  by  the  action  of  carbon'.c  chloride,  C0C1,,  on 
benzene  in  presence  of  ahuninic  chloride  (Friedel,  CrafU  and  Ador,  ibid.,  x. 
1854);  and   by  oxidation  of  diphenylmethane  (1377).  dipheiiyii  arbinol  (p. 
503),   and   diphenethaldebyde.     When  prepared  by  oxidation  of  diphenyi-  y 
methane,  it  ia  trat  obtdned  aa  a  olear  liquid,  whid^  on  etanding  beeoniei  a  / 
maaa  of  apparently  monoolinic  crystale  reaembling  the  forma  produced  bj 
deavage  of  Iceland  spar,  and  meltin^:  at  about  26*  (jS'^'S  F.);  after  a  time, 
however,  the  cr^'staU  become  milk-white,  and  are  converted  into  the  rhombic 
prisms  in  which   the    ketone   ordinarily    x' parates    Irom    its    solmions.  and 
which  melt  at  about  48°  (118  -4  F.)  (Zincke,  ibid.,  iv.  576).     According  to 
Linnemann  {Aim,  CImi.  Pharm,,  eizxiii.  i),  it  ia  eonvcrted  into  dipkei^l' 
M/rHuol  or  hmu^^firol  by  the  actioa  of  aodtnm  ainalgam  on  ite  aleoholie  eolation ; 
whereaa  if  sine  and  Bulphuric  acid  are  employed,  chiefly  Uinphenylglycol 
benzopinacone,  (CVC^H  ) .OH).,  is  obtained.     Benzopinacone  crystallizes  from 
alcoliol  in  sniall  well-forjned  prisms  ;  it  melts  at  186°  (366°  8  P.).  beins;,  how- 
ever, decomposed  into  diphenyi  ketone  and  benzhydrol;  tlie  same  decoui position 
ia  effected  by  (wiling  it  with  an  akoholie  aolution  of  potaeno  hydiato  (TkSiner 
and  Zincke,  Deut.  chem,  00$.  JBer,,  z.  1473).    ^  treatment  with  beaaoit 
chloride,  benzopinacone  is  apparently  converted  into  the  ketone  C,Hj.0O.C(C,HJ^ 
A  number  of  sub^^titution  derivatives  of  diphenyi  ketone  have  been  obtained. 

Di-diinethiflaniidophenifl  ketone. — Although  carbonic  chloride,  C(K!1,. alone 
b  entirely  without  action  on  benzene  even  at  hi^h  temperatures,  it  readily  actsoo 
dimethylamidobeniene  or  dimethylaniline,  CJI,.N(C1I^),.  forming  dimetkgi' 
amiidohentoic  chloride,  (CHj)jN.C\H^  COCl,  the  reaction  taking  place  even  in  the 
cold.  On  heating  this  product  with  dimethylaniline  at  about  120"  (248"  F.), 
the  dip1n'tiyl  ketone  derivative  COrC^H^.  X(CHj,)J„  is  prwhiced.  to<rether  with 
the  compound.  (C1I,),N.C,H,[CUC,H^.N(CH,)J,,  formed  by  the  action  nt  2  moU. 
of  the  chloride  on  a  single  niol.  of  dimethylaniline  (Michler,  ibid.,  is.  7 1 6 1 ). 

Toltflphenyl  ketone9, — Theee  are  formed  on  oxidation  of  the  benxyltoluenee 
(p.  362).  and  on  heating  a  mixture  of  ben/.oic  acid  and  toluene  with  phoi>phorio 
anhydride;  the  para-compound,  which  alone  has  been  obtained  pure,  is  also  tormed 
00  diatiliation  of  a  mixture  of  calcic  benaoate  and  paratoluate.  They  are  con?erted 
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into  tiie  oorm^ondtng  VaDWjlbenBoie  aoidi  00  oiUalioii.  On  rednetioo  willi  idno 
and  hydroehlorifl  add*  pmtolylphenjl  ketone  yields  two  iiomeric  dTetalliae 

eempoandfi  of  the  formula  C^H^/J,  melting  respective! v  at  137°  (2  78*'-6  F.) 
and  215°  (4if/  F.).  the  diliydric  nkohul  CJ\  J)^  or  [('((Vil,  i(r JI,.CiI^).()H],, 
which  is  tirst  produced,  undergoing  conversion  into  the^e  cuuipuuiids  under  the 
influence  of  the  zincic  chloride.  Tbdruer  has  tihown  {Ann.  CJiem.  I*/iat^m.,  clxxxix. 
96)  that  tlie  body  of  lower  i»  wry  easily .  tranaformed  ioto  that  of  higlier 
melting  point  by  heating  with  hydrochloric,  hydriodic,  or  acetic  aod  at  aboat  150^ 
(502**  F.),  or  on  wanning  with  benaoic  cbknide,  and  that  on  oxidation  H  h 
reconverted  into  the  ketone ;  whereas  the  iHomeride  yields  an  acid  of  the  com- 
poxition  C,,H,, pj  (conip.  p.  773).  Tlie  alcohol  C^^Hj^O,  clodely  reeembles 
benzopinacone  in  its  properties  (Thorner  and  Zinciie,  loc.  dt.), 

Phen^f benzyl  MoM:  C.H,.OO.CH,.C.H,,  obtained  by  diatillatiflii  of  a 
mixture  of  benzoate  and  phenylacetate  of  calciom,  is  identical  with  the  so-catted 
deojryb&nzoim  fbnned  bj  reduction  of  h(  n/.m'n,  and  by  oxidation  of  benzylphenyl' 
carbinol  or  toluylenehydrate  (p.  50")  ( Rudziszowski,  ihid.,  viii.  756);  it  is  also 
prodaced  on  heating  a  mixture  ot  benzene  and  phenylacetic  acid  with  phoitphoric 
anhydride  (Zincke,  ibid.,  ix.  1 7  7 1 ).  It  crystallises  from  alcohol  in  large  colour- 
loM  platea,  OMlting  at  55"  (131*'  F.) ;  on  oxidation  it  yielda  beoioie  aoid. 

Benzoin  or  benzoyl phenylewrhimol :  C,H,.CO.CII(C,H  J.OH,  is  obtained  on 
oxidation  of  hydrobenzoin  with  concentrated  nitric  acid,  and  by  the  action  of  an 
alcoholic  solution  of  potussic  cyanide  on  benzaldehyde  (p.  758).  It  ci  vstallizes 
in  colourless  prisms,  melting  at  134°  (ayj'^'a  F.),  dithcultly  soluble  in  water  and 
aleohol;  on  oxidation  with  chromie  acid  mixture  it  yields  benzoic  aidehyde  and 
hemoieadd,  bat  nitric  add  eoBferti  it  into  benMU  or  dibmuoyl,  C,H,.CO.OO.C,H,. 
Benzil  crystallizes  from  alcohol  in  large  six-sided  prisms,  melting  at  90°  (194°  F.). 
<>n  oxidation,  it  is  entirely  converted  into  benzoic  acid,  and  on  reduction  forms 
benzoin  ;  it  dissolves  in  a  concentrated  alci)holic  solution  of  potassic  hydrate  form- 
ing a  deep  violet-ooloared  liqaid,  which  after  prolonged  warming  becomes  yellow. 
Under  theaeeircomstancea  iaooMric  change  takes  place,  the  bmsil  being  coo¥nied 
into  the  pi^asaie  salt  of  diphenylglyoolic  or  bensUie  acid,  (C,HJ,C(OH).COOH. 
The  formation  of  thia  add  ia  probabl  v  preceded  \ij  that  of  the  eomponnd : 

CA.C(OH). 

C,H,.C(OH)  i 

to  which  }x>rhaps  the  violet  colour  is  due*  the  subsequent  change  being  analogoua 
to  that  whicli  resnlti*  in  the  formation  of  tlie  so-called  pinacolins  (p.  773)- 

Paradifu/i/l  {((one,  obtainwl  by  oxidation  ot  ditolylmethane  (p.  363),  crystal- 
lizes from  alcohol  in  rhombic  prisms,  melting  at  95°  (203°  F.) ;  it  is  converted 
into  ditolylcarbinol.  (CH,.C,H  J,C,(OH),  on  reduction  (Weiler).  The  iaomerie 
dibemqfl  keioae  ia  prepared  by  diatilla^n  of  calde  phenylacetate  (Radxiasewaki). 

Pkemfieymyl  ketone  is  produced  on  heating  a  mixture  of  benzene  and 
cymene  with  phosphoric  anhydride  (JLoUarita  and  Merz»  loe,  eU,^i  it  is  an  dly 
liquid  of  pleasant  odour. 

§  III.  KXTONBS  OF  OTHSR  SbBIBS. — GaMPHOB. 

(1681)  Nafhthtl  KXT(MIBS.^6y  heating  a  mixture  of  benzoic  acid  and 
naphthalene,  or  of  benzene  and  a-  or  ^-naphthoic  acid,  with  phosphoric  anhydride, 
Kollarits  ard  Merz  have  obtained  two  phenylnaphthyl  ketones,  C^lIj.CO.Cj^^H.. 
Tbe  a-compound  is  tlie  more  fohiVtle  in  alcohol,  from  which  it  crystallizes  in 
abort  prinms,  melting  ut  75°  5  (167^  9  F.);  the  /3-ketone  forms  long  needles, 
ndting  at  82"  (i79'''6  F.).  Michael  and  Adair  {ibid,,  x.  583)  have  obtained 
the  same  compounds  by  he<ating  a  mixture  of  benzenene  sulphonic  acid  and  naph- 
thalene with  phosphoric  anhydride,  but  state  thai  they  mdt  at  lOO**  (312**  F.) 
and  116^  (240^*8  F.)  respectively. 

3  B  2 
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Similailjr,  on  heating  a-naphthote  acid  with  imphthiilene  and  P/)^.  or 
aHMpbihoie  chloride  and  naphthalene  with  zinc,  or  /S-naphthoic  chloride  with 
mercury  dinaphthyl.  H^'(C\„H.),,  a-3-dinaphtliyl  ketone,  C,,H,^-.CO.C„H/,  i» 
produced.  This  crystallizeii  in  needle.*,  melting  at  135"  (275°  F.),  and  wheo 
decomposed  by  heutini^  with  soda  lime  yield*  both  a>  and  3-naphthoic  acids  and 
naphthalene.  By  heating  3-naphthoie  aeid  and  naphthalene  with  P,0,,  or 
/l>naphthoio  ehloride  and  naphthalene  with  zino,  two  ketones  isomeric  with  the 

compound  are  produced,  both  of  which,  however,  yield  ^-naphthoic  acid  and 
naphthalene  when  heated  with  soda  lime  ;  they  melt  at  I26°"5  (259*7  F.)  and 
165°  (329°  F.)  respectively,  and  require  for  complete  solution,  the  one  267,  and 
the  other  1250  parts  of  absolute  alcohol  at  19''  (66*'*2  F.),  the  a•^  ketone 
diaaolving  in  77  ptM.  (Groearavie  and  Mem,  4hid.,  vi  1938, 1346;  ii.  1515)* 

(1682)  MB8ITTL  OXIDE  :  C,H„0=(CH,)/'zz('II.C0.Cn3.— This  ketooa, 
as  already  mentioned,  is  formed  by  "  comlcnrtalion"  ot'  2  mols.  of  dimethyl  kt  tone, 
which  takes  place  under  the  influence  of  hydrocliloric  and  sulphuric  acids  (Kane), 
of  alkalies  and  of  lime  (Fitti^'),  of  zinuic  methide  and  ethide  (Pawlow),  and  of 
several  other  substanon.  The  product  ohtttned  in  the  preparation  of  acetone  by 
the  aetion  of  sineic  methide  on  aeetio  chkiride  eonaiate  efaieftj  of  meaityl  oiide, 
and  homoI(^aa  eompounds  are  obtained  in  a  similar  manner  in  the  preparation 
of  the  homolojjucs  of  acetone  (Pawlow,  Ann.  Chem.  Pharm.,  clxxxviii,  126). 
It  is  best  prepared  by  the  action  of  hydrochloric  acid  (Baejer ;  Claiasen,  ibii, 
elxzz.  4). 

Mesityl  oxide  ia  a  colonrleea  liquid,  boiling  at  130"  (266*  9.),  having  aa 
•door  of  peppermint ;  it  doce  not  combine  with  add  aolphitea.  On  tnidalkn 
with  nitrlo  aoid,  it  yields  acetic  and  oxalic  acids ;  on  redaction  with  sodium 
amalgam,  it  U  converted  into  ar.  oily  body  of  the  composition  C^,,H„,0,  which 
is  perhaps  the  corresponding  pinacolin  ;  and  it  combines  with  bromine,  forming 
a  highly  unstable  dibromide  (Claissen).  It  also  unites  with  hydriudic  acid 
(Pawlow),  and  with  hydroehlorio  add,  hot  the  eonponnda  an  extremely  unataUef 
if  it  ia  aatnrated  with  hjrdrodibrie  add,  and  the  raanltbg  prodoot,  after  washing 
with  water,  be  digested  with  an  aleoholie  solution  of  potassic  cyanide,  snd  the 
solution  then  heated  with  an  alkali,  a  crystalline  acid  of  the  formula  C^H^NO, 
is  obtained,  from  whicli  the  nitrogen  is  not  eliminated  in  the  form  of  ammonia 
on  boiling  with  alkali,  neither  is  it  displaced  by  the  action  of  nitrous  acid 
(Maxwell  Simpson,  Awm.  Ckem,  Pkarm.,  exiviii.  351).  Mesityl  oxide  yiddi 
meeitylene  on  treatmeut  with  concentrated  sulphuric  ncid,  hut  it  ia  doabtfbl 
whether  thin  hydrocarbon  \»  formed  merely  by  the  withdrawal  of  the  dement* 
of  a  molecule  of  wiitor,  as  by  iKiiling  witii  very  dilute  aolphorio  aoid  it  ia  0001' 
pleteiy  reconverted  into  dimetliyl  ketone  (Claissen). 

Three  (P)  ketones  isomeric  with  mesityl  oxido  have  been  deeeribed: 
fliefoMtoM,  dumatin,  and  alljflaeetoM.  MfiaeHone  waa  firat  obtained  by  Fremy 
on  distillation  of  sugar,  charcoal,  and  gum  with  lime  (comp.  Benedikt,  ibii^ 
clxii.  303).  It  boili  at  about  84°  (i83''*2  F.),  and  on  oxidation  yields  acetic 
and  propionic  acids;  it  does  not  combine  with  acid  sulpliifcs;  phosphoric  penta- 
chloride  and  most  of  the  ordinary'  reagents  decomjxwe  it  more  or  less  completely. 
Aa  it  yields  propionic  acid  on  oxidation,  it  does  not  appear  probable  that  it  is 
formed  by  condensation  of  dimethyl  ketone,  aa  haa  been  anppoeed ;  a  oompoand 
formed  by  condensation  of  ctlialdchvde  and  methylethyl  ketone:  CHj.COIl  + 
CH,XT).r  n,  =  CH,.CH  -CHCOCyij.  however,  would  doubtless  exhibit  the 
behaviour  of  metacetone,  and  it  is  quite  possible  that  it  is  so  formed. 

Dumcuin  is  a  product  of  the  distillation  of  acetates ;  it  is  a  oolourless  oil, 
boiling  at  120° — 125°  (248** — 257°  F.),  and  fimning  a  cryatalline  compoHad 
with  add  antphitea ;  it  yielda  oxdio  aoid  on  nxidatiflii  with  eonoentrated  nitric 
acid  (oomp.  Fittig,  «6mI.,qx.  21). 
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AUjfheehH$:  CH,.(X>.CH^CH9.CH— CH„  it  obUined  on  dflOompouDg 
«ttijflieaUjlMeliw9e«dtt,C(X)C,^^     |  CH,^CH=CU^        tlkali-;  it  k  « 

colrarlaw  liquid,  boiling  I28*-^I30*  (362'''4— 266*  F.),  which  doM  not 
oombiae  with  acid  sulphites,  and  on  oxidation  yields  acetic  and  oxalie  acids,  tho 
Mocrotonic  acid,  CH^CH.CH^.COOH,  which  w  probably  BxtA  produflod,  beiof 
further  oxidiztn]  (Z<Mdler,  ibid.,  clxxxvii.  34). 

The  homi>logueormeHityloxide.C,H,^0,  formed  in  the  preparation  of  methylethyl 
imone,  boild  at  about  i6S°  (334°-4  F.);  that  of  the  forinuk  Cj«H^,0.  obtainod 
m  tke  preparation  of  methyl isopropyl  kotone,  boila  «t  about  190*  (374** 
and  that  of  the  formula  C^^H^O,  obtained  &n  bye-product  in  tho  pnpMltioil  of 
methylisobntyl  ketone,  boils  at  about  218''  (424°'4)  (Pawlow). 

(16S3)  .METHyLcixNAMYL  KKTONE :  CH,.CO.CIIZZ0H. (MI  .  obtained  by 
distillation  ofa  mixture  of  calcic  acetate  and  cinnamate,  is  a  culouriesit  oil,  boiling 
at  341^  (465''-8  F.)  ;  it  forms  eryiiiaUine  compounds  with  acid  sulphites  (Euglar 
and  Leist,  Hid,,  vi.  254). 

(1684)  Phoiohb.— This  name  U  applied  to  two  isomeric  bodies  of  tho 
formula  CMI^^O,  one  solid  and  the  other  liquid,  formed  by  condensation  of  acetone. 
The  former  is  best  prepared  by  the  action  of  hydrochloric  acid  (Haeyer;  Clainsen, 
Ivc.  c%t.)i  the  latter  is  a  product  of  the  action  of  sodium  (Staedeler),  and  of  lime 
(Fitdg),  and  ii  also  obtained  by  distillation  of  sugar  with  lime  and  in  a  similar 
mannor  fixm  camphoric  acid  (ocmp.  Kaddor,  Hid.,  diir.  79).  The  solid  Mf 
fimns  large  prisms  which  melt  at  28**  (82'*'4  P.),  and  boil  at  196°  (384'*-8  P.), 
On  oxidation  with  chromic  acid  mixture,  it  yields  acetic  and  oxalic  acids,  and  on 
reduction  is  wnverted  into  a  crystalline  compound  of  the  fonnula  ('^  lI  .  ()  ;  it 
forms  a  crystalline  tctrabromide,  C^H^^OBr^,  and  is  resolved  into  me»ityl  oxide 
and  acetone  hj  boiling  witli  dUute  sniphnrie  add  (Claiescn).  It  yields  pseodo- 
enmene,  C^(CH,j,,  on  distillatioD  with  pbosphorio  anhydride  (Jaoobeen, 
Dmt.  ektm,  Oet,  Ber.,  x.  855).  Phorone  therefore  exhibita  considerable 
rsBcniblanoe  to  mesityl  oxide,  and  consequently  it  may  be  represented  by  a 
similar  formula,  viz.,  {C'HJ^C—rH.CX  ).('H— C(CH,)„ ;  i.e.,  it  may  be  re- 
garded as  formed  from  a  molecule  of  acetone  aod  a  molecule  of  mesityl  oxide  in 
the  same  way  that  the  latter  is  Ibnned  firom  2  mdcof  the  fiifmer.  This  appeam 
to  be  the  most  probable  fbrmnia  which  can  be  assigned  to  phorone^  as  it  ia  finmed 
on  heating  mtroootriacetonamine  with  potassie  hydntte  solution  (Heintz),  triac»* 

CH^CCCH, 

tonamine  beiog  apparently  a  compound  of  the  formula :  I  t 

(CH.),C.NH.C(CH,),. 

Iiiqnid  phorone  boils  at  about  210^  (410*  F*);  it  yields  aeetio  acid  and  adipic 
acid,  (\H^(COOH)^on  oiidatioo  (Eaehler),  and  on  treatment  with  phocphcfio 
anhydride  is  converted  into  pseudocumene.  The  condensatioii  of  acetone  would 
appear  therefore  to  tiike  place  in  a  totally  ditierent  manner,  according  as  acid 
or  alkaline  agents  are  employed ;  the  manner  in  which  the  latter  act,  however, 
is  at  present  qnite  obsonre. 

(1685)  BraruBifxoiBTBTL  KBTOHi:  C,H/CO.C^H^), ;  PanmmDi- 

BTBTL  KETONE:  C,H^(OO.C^,),. — The  first  of  these  compounds  is  obtained  by 
the  action  of  zincic  ethide  on  succinic  chloride,  CjH^(C()Cl), ;  the  second,  in  a 
similar  manner,  from  phthalic  chloride.  The  ethylene  ketone  is  liquid,  and  can- 
not be  distilled ;  the  phenylene  ketone  forms  large  colourless  crystals,  possessing 
a  fntity  odoor,  which  mdt  at  52°  (i  25°'6  F.);  ndtbar  oomKmus  with  add  ssl- 
phttes  (Wischin,  Ann,  Ciem.  J*karm,,  exllii.  259). 

1  C  H  1 

(1686)  DipHENYLENE  KETONE:  CO  <  ^*^*  >  ,  is  formed  by  distillation  of 
diphenio  acid,  t;H^(CCK)H).C«U^(COOU),  with  excess  of  lime,  and  on  oxidation 
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of  diphenylenem ethane  or  lluorene  (13S3).  It  crystallizes  from  alcohol  in  pale 
yellow  plates,  melting  at  84**  {iS^'''2  F.)>  and  boiling  above  300*  (572**  F.); 
when  carefbUy  foted  with  poUaete  hydnte,  it  is  oonrerted  into  the  poteMic  rait  of 
pbeoylbenzoic  iad,C«U.XVI ,  COOll  (Fittig  and  Osienaa,yw,ib{d.,  cUvi.  374). 

(16S7)  Camphok  :  C,^1I,^<J. — The  nature  of  this  comjxjund  Ik  at  present  far 
from  (Jf tfi  iiiiiiecl,  but  as  there  is  some  reason  to  suppose  that  it  belongs  to  the  class 
of  ketones,  it  may  conveniently  be  described  here.  Common  or  laural  camj>hor 
ie  pradnoed  in  the  iaiand  of  Fonnois  and  Japan,  being  obtained  ficom  tJie  Lamrut 
eampkora,  a  tree  whieli  ia  found  throogboat  Central  China  and  in  the  Japaaeae 
lalanda.  This  Tariefy  is  dextrorotatory.  The  ml  of  feverfew  {Pyretkrum 
parihenium)  contains  a  subtitance  which  apparently  resembles  ordiiiury  eaiuphor 
in  all  respects  excepiing  that  it  inanil'rsts  an  optical  activity  of  equal  extent,  but 
of  oppovite  sign ;  ihe  oils  ol  many  labute  plants,  such  its  lavender,  utarjoram, 
leaemaiy  and  sage,  are  alao  eaid  to  oontwn  oamphoia,  differing  merely  from 
ordinary  camphor  in  their  bduvioar  to  polarized  lights  being  in  somes  cases 
optically  inactive.  A  substance  resembling  ordinary  camphor  is  formed  on  ou- 
dation  of  some  of  theterpenes  (p.  237).  None  of  these  (P)  iaomeridee  of  ofdineiy 
camphor  liuve  been  sufficiently  examined,  however. 

In  order  to  extract  the  camphor,  the  wood  is  cat  into  small  chipe,  which  ne 
than  axpoeed  to  the  Tapow  of  boiling  water  in  n  rode  kind  of  atill  (vid,  Plor^ 
maeographia,  p.  461)  ;  the  crude  camphor  which  volatilizes  is  usually  expMted 
without  further  purification.  The  so-called  camphor-oil  which  drains  from  the 
crude  camphor,  according  to  Beckett  and  Wri;j;ht  {Journ.  Chem.  Soc,  xxix.  7), 
is  a  complex  mixture  piobabiy  containing  a  terpene,  a  body  having  the  compoiu- 
tion  Cj,H„0,  and  a  liquid  oil  containing  leas  hydrogen  than  camphor,  together 
with  mneh  eam^or.  Cmde  camphor  ia  purified  in  Europe  by  aaUimation  ia 
peculiar  glaaa  B$Am,  and  ia  aent  into  the  market  aa  refined  camphor  in  thefimaef 
large  bowls  or  conoave  cakes,  each  of  which  has  a  round  hole  in  the  bottom  CQir^ 
gponding  to  the  aperture  of  the  vessel  in  which  the  sublimation  lu  s  been  conducted. 

Camphor  is  a  colourless  crystalline  solid  of  peculiar  odour,  very  sligbtlj 
aolnUe  in  water,  readily  eQlafale  in  ahsohol,  ether,  ch]orofbnn,carb(Nkie  iMaoI^udeb 
and  many  other  Uqnidas  it  melte  at  175^  (347**  ^O*  *<nd  boila  at  805* 
(401''  F.),  volatilizing  rapidly  even  at  ordinary  temperatures.  By  apontaaeous 
and  extremely  slow  sublimation,  it  may  be  obtained  in  lustrous  hexa<;onal  plat<4 
or  prisms.  It  is  extremely  tough,  and  cannot  be  pulverized  per  ^e,  but  if 
moistened  with  any  of  the  liquids  which  dissolve  it,  pulverization  is  eifected 
without  diffieolty.  Ita  apparent  vp,  rotatory  power  in  aoktion  variea  aeeosdiag 
to  the  etrength  of  the  aolution  and  the  nature  of  the  aolvent*  the  value  of  [a]^ 
in  the  case  of  aleoholio  solutions  containing  9*68»  30*16,  and  54*7  per  cent 
respectively  of  their  weight  of  camphor  l)»'int,%for  example,  42^*8, 44°'f), and  47**8; 
its  absolute  sp.  rot.  power  dctermineu  by  the  method  de.scribed  on  p{>.  574 — 576 
being  at  20°  (68°  F.)  [oJd  =  55°'6  (Landolt,  IhuLvhem.  Ges.  JJer.,  ix.  914). 

Caanphor  doea  not  unite  with  acid  aniphitea,  nor  ia  it  oxidised  by  prolonged 
heating  with  a  concentrated  solution  of  potaesicdichromate  and  aulphurio  acid.  It 
absorbs  hydrochloric  acid,  sulphurous  anhydride,  and  nitric  peroxide  gases  in 
quantities  varying  s.ccording  to  temperature  and  preiisure,  fonning  colourless 
liquids  which  are  at  once  decomposed  by  water  (Hineau,  Ann.  L'him.  Pht/t.  [3], 
xxir.  328);  it  also  unites  with  hydriodic  acid,  forming  a  crystalline  00m- 
poond  C,,H„IO  (Keknld  and  Flaedier,  iHd.,  wl  934) ;  and  on  treatment  with 
nitric  acid,  it  yields  an  oily  anbetance  of  the  ooraposition  (C,^H„0)^,0^,  which 
is  also  decomposed  by  water  (Kachler,  Ann.  Chem.  PAarm.,  clix.  283).  It  i« 
not  affected  by  the  ordinary  re«luriiig  agimts,  but  if  dissolved  in  an  inert  liquid 
such  as  toluene  and  heated  to  about  90"  (194°  F.)  with  sodium,  it  converted 
into  sodium  camphor,  C^^Uj^NaO,  and  the  hydrogen  thus  dispkced  acts  00 
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another  portion  of  the  camphor  forming  homeol,  C,^IIjj(OH)  ;*  by  the  action  of 
ethyiiu  iodide  on  sodium  camphor,  ethylcaiuphor,  C'j^ll,j(C,H^)0,  is  produced  as 
AMlwurleM  liquid,  boiling  at  226°— 229°  (438*''8— 444""  F.)  (Baubigny,  Ann. 
Okim,  Pk^.  [4],  six.  830).  PbotphoricpeuUohloride  rMdily  anbioii  CMnphor,dw- 
pladiigits  oxygen  by  chlorine;  the  resulting  compound,  Cj^Hj^CI,,  is  crystalline, 
andis  revived  by  slow  distillation  into  hydrochloric!  acid  and  cymene.C,  J^m-  ^'am- 
phor  ahw)  yields  cymene  on  distillation  with  zincic  chloride,  or  phosphoric  anhydride 
or  pentasulphide  (l*ott;  comp.  Fittica,  ^«a.  Ckem.  JPAarm.,  clxxii.  303) ;  in  no 
cue,  however,  is  cymene  the  only  prodact:  hoth  low  and  higher  homologiMa 
of  this  hydrocarbon,  Tti.,  toluene^  xykne,  meeityleiie  and  lanrene  (p.  396), 
being  formed  when  zincic  chloride  is  employed  ;  whilsl  with  ph(wphoric  penta^iuU 
phide  a  considerable  quantity  of  thiocymopheuol,  IIj^.S!!  (Flex'h  ;  Fittica), 
and  of  hightT  and  lower  iioniologues  of  henzent'  (Aruistrunj^)  is  pmduced  ; 
apparently  the  cymene  oblained  with  the  aid  of  phosphoric  anhydride  is  a  purer 
prodoci,  bat  in  this  ease,  aooording  to  Lippman  and  Loogoinbe  (Znte.  CAem. 
[a],  v.  413,  and  fiommier  (Cbe^.  Send.,  ixfm.  930),  email  qoantitieM  of  phenol 
and  cresol  are  formed.  By  boiling  camphor  for  some  time  with  about  one-fiflh 
of  its  weight  of  iodine,  a  considerable  amount  of  carvacrol  or  orthoiuethyl 
meUpropylphenol,  (',^^13-^^^^  (P-  495)-  i"*  produced  (Fleischer  and  Kekul^, 
Ihul.  ciuin.  Get.  Ber.,  vi.  934);  colophene,  C^Ilj^,  and  cymene  and  other 
hjdroearbooe  of  the  bensene  series,  are  also  largely  formed  (Armatrong).  By 
pa:>sing  its  rapoor  over  heated  soda  lime,  or  by  boillog  it  with  an  alcoholic 
Molation  of  potas.'iic  hydrate^  and  also  by  the  action  of  potassium  on  a  solution  of 
camphor  in  petroleum,  campkolic  acid,  ,H,gO^,  is  produced  (Kachler,  Ann. 
Cktm.  Pharm,,  clxii.  259).  Hy  proloni,'tnl  boiling  with  nitric  acid  of  sp.  gr.  I'37» 
camphor  is  converted  into  camj)/ionc  acid,  t\,H^O^  =  C,H.j^(COOH),,  which 
on  farther  osidatioD  bj  nitric  acid  yielda  eampkcromc  aeii,  0,H,/),  =  (P) 
C,H,(OH)(CXX)U),  (Kachler,  sMd.,  dlx.  281);  hj  heating  oamphurouic  acid 
with  bromine  and  water  it  is  converted  into  oxycamphoronic  acid,  C^H^.O,, 
which  apparently  is  also  a  trihydric  dibasic  acid  (Kachler).  According  to 
Kulhem  (i6trf.,  clxiii.  231),  if  the  boiling  with  nitric  acid  be  continued  for 
n  long  time,  a  crystalline  body,  which  he  terms  dinilroheptylic  (?  hex)  add 
C,H^(NO,)/),.  ia  obtained.  The  behavioar  of  them  oxidation  prodnoU  ie  of 
considerable  importance  as  throwing  lighten  the  con.-%t!tution  of  camphor  itself. 
Thus  on  heating  camphoric  acid  with  a  considerable  quantity  of  a  saturated 
solution  of  hydriodic  acid  at  200"  (392°  F.)  it  yields  the  hydrocarbon  hexhydro- 
metaxj/kne,  ^'jH,,  =  <^V^i»(^^U«»  ^^ic^  oxidation  is  converted  into  wro- 
pUhalie  acid,  C,H^(CU01I)„  and  forms  irimtrometaxylene,  C,H(NOJ,(CH,),. 
on  treatment  with  a  mixtore  of  concentrated  nitric  and  sulphnric  acids  ( Wredm, 
ibid.,  clzxzvii.  153V  Hv  carefully  fusing  camphoric  acid  with  potassic  hydrate  it 
is  converted  into pimvlu-  arid,  C^Hj^(COOH)j  (Hlasiwetz  and  Grabowski;  Kachler, 
iind,,  olxix.  106)',  camphoronio  acid,  when  similarly  treated,  yielding  butyric 


*  The  compound  thos  obtained  exhibits  most  of  the  properties  characteristic 
of  the  borneol  extracted  from  the  Dryabalanops  camphora,  differing  only  in 
its  optical  activity  ;  but  different  specimens  exhibit  diflerent  rotatory  powers 
(Moutgolher,  Compt.  Eend.,\x\x\.  ;lxxxiv.  445).  Borneol  much  resemblescara- 
phor  in  appearance,  but  forms  brittle  crystals  melting  at  198°  (3 88** '4  F  ),  and 
boila  9^212"  (413^*6  F.) }  it  is  con?erted  into  camphor  by  oxidation  with  nitric 
addt  hydrochiorie  acid  and  phosphoric  pentachloride  convert  it  into  a  crytitalline 
compound,  C„1I„C1,  which  melts  at  132°  (269°"6  F  ),  and  is  reconverted  into 
camphor  by  the  action  of  hypochloroim  acid  (Kachler).  When  heated  with  aoids, 
burueol  yields  salts  such  as  the  slearate  ^J^^t^yfi-u  (iierthelot). 
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add  in  looordMioe  vifli  Uie  tipiatioii :  C,U„0,  +  iH  -I-  OH,  =  2C,H,0,  +  CO.. 
and  tiiit  tdd  is  alio  obtained  from  OKyoampboronie  aeid(Kachl«r,  i6id.t  dix.  295). 
Both  camplioronio  and  os.yoaiii[rikoronic  acids  are  bodies  of  remarkable  ftabilUtf, 
being  Httlo  acted  upon  even  by  prolonged  boiling  with  nitric  acid  ;  the  former  may 
be  heated  with  bromine  at  1 50  (302^  F.)  without  formin<^  anbstituiion  derivatives. 

According  to  We^l  {Deut.  chern.  Get.  £er.,  i.  96),  when  camphor  is  heated 
at  300**  (392°  F.)  with  a  aatnrated  eolation  of  hjdriodic  ecid,a  mature  of  three 
hydrocerbone  of  the  oompoeition  C,H,,  ,C„H„  and  Cj^H,,  is  obtained;  the 
hydrocarbon  C^H^^  appears  to  yield  four  distinct  acids  on  oxidation,  bat  if  chicAy 
OOnverted  into  uvitic  or  nietliylis!»phthallc  acid,  (\I  1,(011  )(CO()!I)  . 

Camphor  unites  direct fy  with  broinine  to  form  a  crystalline  lii^'bly  unstable 
dibromide,  Cj^Hj,Br,0,  which  splits  up  on  distillation  into  hydrobromic  acid  aiid 
mtmobromoeampkiort  C,,H^BrO ;  tfab  eomponnd  boils  at  274^  is  easily  sofaibia 
in  alcohol,  and  crystalliaea  in  prisms,  which  melt  at  76*  (168^-8  F.) 

5525*'' 2  F.)  ;  it  is  not  decomposed  by  an  aloobolio  solution  of  potassic  hydrate 
Swarts;  IVrkin).  On  heating  it  with  bromine  at  120°  {248°  F.),  dibromo- 
camphor  is  produced  (Swarts).  Monochlomramphor,  Cj^H^jClO,  is  formed  by 
the  action  of  a  solution  of  hypochlorous  acid  on  camphor;  according  to  Wheeler, 
H  melts  at  95°  (203°  F.),  and  is  oonverted  into  oxycamphor,  Cj^H^^O^,  by  the 
astion  of  an  aloohidio  solution  of  potassic  hydrate  {ibid,,  ozlvi.  81 ).  Tetra-  and 
pentachlorocamphor  are  said  to  be  produced  on  passing:  ohkHtine  into  a  eolation 
of  camphor  in  phosphoric  trichloride  (Claus). 

Comtttuiion  of  camphor. — From  the  fact  that  it  is  not  altered  by  heating 
with  stearic  and  similar  acids  (Berthelot),  that  it  does  not  furnish  an  acetyl 
derivative  when  heated  to  230*— 950**  (446*^—482^  F.)  with  aeetie  chloride  or 
anhydride  (Baubigny),  and  that  it  exchaogm  an  atom  of  Oxygen  for  two  atoms 
of  chlorine  when  treated  with  phosphoric  pentachloride,  there  can  be  little  doubt 
that  camphor  does  not  contain  the  group  OH,  and  therefore  that  it  does  not 
belong  to  the  class  of  alcohols  ;  moreover,  it  does  not  manifest  the  properties  oi 
an  aldehyde,  as  it  resbts  oxidation  by  chromic  acid.  The  oiygen  roost  there- 
fore bo  regarded  as  present  either  in  the  form  in  which  it  is  contained  in 
athyknic  oxide  or  in  the  ketones ;  its  conversion  into  borneol,  which  has  the 
pro|)erties  of  an  alcohol  and  is  readily  reconverted  into  camphor  on  oxidation,  and 
it-*  general  Ijehaviour,  are  more  in  accordance  with  the  latter  view,  which  has 
been  adopted  by  Kachler  and  Kekulc,  and  is  probably  that  most  generally  enter- 
tained byebemisla.  *  The  IbUowtng  finrmolm  havi^  however,  beni  proposed  at 
various  timea  ibr  camphor  (oomp.  iiMii,  IhuL  ekem.  Get,  B§r^  vi  939) : 

OH,.C         C.C,U7  II  /«>  II 

\     X  H,C       CH.  hJ'     6h  HC  CO 


V.  Meyer.  HUuiiwetz.  Kachler.  Kekul^. 

Hlasiwetz  bases  bis  formula  on  the  relation  of  camphor  to  the  terpenes  and  on 
Bauer's  synthesis  of  a  terpene  from  diamylene  (1237);  he,  however,  wrongly 
regards  this  olehno  as  a  "normal"  compouud  {ibid.,  iii.  539).  Meyer, 
Kacbler,  and  Kekul^  assame  the  existence  of  the  C^H,  group  on  aecoont  of 
the  formation  of  cymcne  OTparamethylpropylbenzene  by  the  action  of  dehydrating 
agents,  Kekul^  laying  especial  weight  on  this  transformation  of  camphor.  The 
fonnulffi  which  have  been  assigned  to  camphoric  acid,  which  are  of  importance  as 
showing  the  manner  in  which  the  oxidation  of  camphor  has  been  supposed  to 
talce  place,  are  as  follows : 
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C(CH«)(COOH)  CBa  CH.CaH, 

hJ;    ^(ch^(oooh)  b,<!;    j;&oooH  bI  cooh 

/  N/  \/ 

CH,  CHa  •  O.CH, 

Wredea.  Kadiler.  Kekoltf. 

There  are  many  reftsons,  however,  for  doubting  the  corrpctneBS  of  all  these 
formila*  for  cnmphor  and  camphoric  acid,  espfi-ially  these  proposed  by  Meyer, 
Kachler  and  Kekul^.  Weyl's  observation  that  tlie  hydrocarbon  Cj^H^,,  obtiuned  by 
heiting  Mmphor  with  hydriodioaetd^yieldii  a  n«tbyli«ophtludiG  add  (CH, :  COOH : 
0OOH=  1:3:5).  on  oxidation  cannot  be  reconciled  with  the  assumption  that 
camphor  is  a  propyl  derivative,  supposing  no  ij^omeric  change  to  take  place  in  tiie 
formation  of  the  hydrocarbon  ;  and  thefact  that  the  hydrocarbon  obtained  from  cam- 
phoric a<-id  by  heating  it  witli  hydrochloric  or  hydriodic  acid,  ia  a  metadiuiethylben- 
WBoe  (CH, :  CII,  -1:3)  derivative  would  appear  to  necessitate  a  similar  oonclosion. 
Moreover,  it  is  diflScolt  to  nnderetand  the  reaistane^  whieh  oaxnphor  oppoees  to  oxi- 
dation if  it  be  a  propyl  derivative,  and  still  less  that  of  eamphoronic  and  oxycam- 
phoronic  a'  ids;  the  fact  that  b'-omine  is  without  action  on  eamphoronic  ncid  even 
at  150°  (302°  F.)  is  also  worthy  of  note.  But  in  this  respect  even  if  camphor 
contain  the  propyl  group,  the  manner  in  which  this  group  is  supposed  by 
Kiehler  to  undergo  oxidation  appears  improbable ;  aad  Kekul^'a  formuU  for 
camphorie  aeid  ie  equally  improbably  aa  it  ia  tmpoasibleto  ezplaia  by  it  the  con- 
vafMon  of  the  aeid  into  a  metaxylene  derivative  by  the  action  of  hydriodic  acid, 
as  according  to  our  present  experience  a  reducing  agent  of  this  kind  would  not 
lead  to  the  formation  of  a  compound  in  which  the  chain  of  carbon  atoms  is 
"  closed"  from  one  in  which  it  is  "  open."  As  HIasiwetz  has  pointed  out,  the 
fermation  of  cymeno  firMB  camphar  cannot  be  regarded  aa  abatdnte  proof  that  the 
httter  ia  a  proj^l  deri?atiT6  on  account  of  the  aimnltaiiaoiia  formation  of 
homologous  hydrocarbons,  which  indeed  appear  to  constitate  a  very  considerable 
proportion  of  the  entire  product  in  some  cases  ;  it  may  be  remembered  also  that 
we  have  pointed  out  that  in  the  case  of  the  terpenes,  the  evidence  that  these  com- 
pounds are  normal  propyl  derivatives  is  by  no  means  conclusive,  although  th*'y 
readily  famish  cymene  (p.  290).  Kaefaler  doea  not  expressly  state  that  the 
bntyric  acid  he  obtained  by  fusing  eamphoronic  acid  with  potssiio  hydrate  was 
the  normal  acid,  CHj.CH,.CH,.COOH  ;  if,  however,  it  is  the  normal  acid  which  is 
produced,  there  is  not  only  evidence  that  camphor  is  not  a  propyl  derivative,  but 
it  is  even  probable  that  radicles  of  the  form  (C„Hj„  4.  J  do  not  enter  into  its  com- 
position ;  and  of  all  the  forranUe  which  have  beeu  proposed,  that  of  Ulasiwets 
would  ^vpear  to  approximate  moat  closely  to  the  rcqnireraents  of  theory.  Jfufiih 
further  ntudy  of  camphor  and  its  derivatives  is  necessar}',  however,  and  the  state- 
ments which  have  been  made  with  regard  to  the  hydrocarbons  obtained  from  it, 
and  the  behaviour  of  its  derivatives  on  fusion  with  potassic  hydrate,  must  be 
substantiated  before  it  will  be  possible  to  construct  a  formula  which  shall  exhibit 
m  a  satisfactory  manntr  the  results  of  experimental  inquiry. 

§  IV.  QUINONEB. 

The  name  quinone  was  originally  applied  by  Benelius  to  the 
compound  C^H^O,  first  obtained  hy  Woskreaensky  in  1838  by 
oxidation  of  quinic  acid^  but  it  is  now  applied  to  a  number  of 
bodies  analogous  to  it  in  composition,  and  which  exhibit  in  a 
more  or  less  marked  degree  its  peculiar  characteristic  qualities. 
The  quiuoues  are  all  derivatives  of  hydrocarbons  of  the  benzene 
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teries  or  of  isologous  bydrocarbons,  auch  as  naphthalene  and 
anthracene ;  the  view  moat  generally  entertained  with  regard  to 
their  constitution,  first  anggested  by  Graebe,  is  that  they  are 
formed  from  these  hydrocarbons  by  the  displacement  of  two 
atoms  of  hydrogen  by  two  atoms  of  oxygen  which  together  act 
as  a  dyad  radicle.  The  hydrogen  atoms  thus  displaced  are 
always  such  as  are  associated  with  carbon  atoma  forming  part  of 
a  closed  chnin. 

There  are  three  freueral  methods  of  obtiiiiiini^  quinoTies, —  i. 
By  oxidation  of  tlie  cjuiiiols  (liydroquinoiies; — i.e.,  the  diliydric 
phenols  imvlii<  li  the  Oil  iiroups  ()ei'uj)y  rehitively  the  positions  1:4. 
'i'hns  (juinol  i^liydroquinone),  C,,Hj(()H),,  yields  (juinonc,  C^II/)^. 
The  oxidation  is  very  readily  efl'ected,  the  quinols  being  at  once  euu- 
vertcd  into  the  eorresponding  quinones  on  merely  adding  nitric 
aeid,  or  a  solution  of  potassie  dichromate  and  sulphuric  acid,  to 
their  a(jue(jus  solutions,  and  iu  many  cases  mere  exposure  to  the  air 
is  sufficient.  The  rcvei*se  cliangc,  that  of  the  quinones  into  quinols, 
takes  place  with  equal  iaciiity,  being  iu  most  cases  efifected  by 
means  of  so  feeble  a  reducing  agent  as  sulphurous  acid  without 
the  aid  of  heat,  or  by  digestion  with  a  solution  of  hydriodic  acid 
and  phosphorus.  2.  By  oxidation  of  diamido-derivatives  of 
]iydrocarlx>u8  of  the  benzene  and  isologous  series,  and  of  amide- 
derivatives  of  the  monohydrio  phenols,  this  being  the  method 
most  geoerally  available  for  their  preparation.  Paradiamido- 
benxene,  C0H^(NHg)y  and  paramidophenol,  C^H^CNH^.OH,  for 
example,  both  furnish  quinone,  C^U^O,,  on  oxidation.  It  is 
probable  that  the  formation  of  quinonea  in  this  manner  is  pre- 
ceded by  that  of  the  corresponding  alcohola,  the  amido-gioup 
being  in  the  first  instance  displaced  by  OH.  3.  By  oxidation  of 
the  corresponding  hydrocarbona,  as  in  the  formation  of  anthia- 
quinone,  Cj^HgO^,  from  anthracene,  Ci^Hj^,  by  oxidation  with 
chromic  acid.  Quinones  have  not  been  prepared  from  hydro- 
carbons of  the  benzene  series  by  this  method,  however  ;  they  are 
doubtless  formed  iu  the  first  instanee,  but  destrovt  d  bv  further 
oxidation,  as  their  chlorinated  derivatives  and  chlorinated  quinols 
are  obtained  when  reagents  are  employed  which  simultaneously 
exert  an  oxidizing  and  chlorinating  action.  Thus,  when  benzene 
is  submitted  to  the  action  of  a  mixture  of  potassie  chlorate  and 
sulphuric  aeid,  both  diehloroquinonc,  Cp^H^Cl^O,,,  and  triehloro- 
quinol  (trichlorhydroquiuoue),  CgllCljlOli)^,  are  produced. 

(1688)  Qi  lNONE;   hcnzoquinone  :  ()  . — This   compound   is  formrti 

by  oxidalion  of  paraUiox)  benzene  or  quinol  (h}drt)quinone),  of  paradiamido- 
beioeue  (parapheoylenediamiue),  of  paraiuidopheaul«  iwd  of  paramidoIlMiaias* 
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sulphonic  acid,  but  not  of  either  of  the  isomeric  dioxy-  or  diamidobenzpnes, 
amidopheuols,  or  atnidobenztine.sulphonicacida ;  also  by  oxidatiou  oi'  diparamido- 
diphenyl  or  Imsidine,  of  aniidobenzene  or  aniliiM,  and  of  quinie  aci^» 
C^(OH)^.COOH,  M  wen  M  of  ooffee  and  other  vegetoUe  aiibiiUiiott  wbkli 
famish  quinie  acid.  It  is  most  readily  prepared  bj  oxidizing  aniline  with  iol* 
phnric  acid  and  putassic  dichroraate  (Nietzki,  Dtut.  chon.  Gcs.  Jh  r.,  x.  1 934). 

Quinons  cry.-tillizes  in  loner,  golden  yellow  prisms,  dithcultly  soluble  in 
water,  but  easily  m  alcohol  and  etlier,  melting  at  116"  (240°*8  F.) ;  it  volatilizes 
at  otdiuarj  temperatureM  and  readily  iu  a  current  of  steam ;  under  raduoed 
pmaora  it  may  be  eompletely  vaporised  at  the  tenpcntnre  of  boiling  anUina, 
whan  it  haa  a  T^war  density  ooneitponding  to  the  formula  C^H^,  (Hofmann). 
It  poesessen  a  pun^'ent  odour,  somewhat  like  that  of  iodine.  A  cold  aqueous 
solution  of  sulphurous  acid  rjiiiitlly  transforms  it  into  quiuol  (hydroquinone), 
C,U^(OU),,  with  iurmatiou  of  Kuiphuric  acid.  When  exposed  either  alone  or  in 
•qoaooa  aolaftion  to  th«  air,  it  gradually  baeonea  brown;  and  if  ita  aqueooa 
aolution  be  landeved  alkaline  with  ammonb  or  potaaaio  hydrate,  it  ahaorba  oxygen 
and  depoeits  a  brown  matter. 

Haloid  Derivatives  of  Quikone. — Chlorinated  derivatives  of  quinone 
are  obtained  by  the  action  of  a  mixture  of  potassic  chlorate  and  hydro- 
chloric or  suipiiuric  acid  on  all  substaDces  which  furnish  quinone  on  oxidation, 
and  alio  direct  ehlorinatiob  of  quinone^  Monaekloroquimme,  C,11,C10,.  is 
obtained  togetbir  with  the  high«  ehlorinated  derivatiYee  of  quinone  00  distilling 
quinioadd  with  manganic  dioxide,  hydrochlnriL-  and  sulphuric  acid;  it  forma  elender 
yellow  needles  melting  below  100°  (213"  V.)  (Stcedeler).  Sulphurous  acid  con- 
verts it  iuto  monochloroquinol  (monociilurhydroquinone — 1  5  i  2),  0.li^C'l(()H),, 
which  is  also  formed  on  dissolving  it  in  concentrated  hydrochloric  acid. 
2Xell0ro}«Mioit«,  €.11,01.0,(0  :Gl:0:a»l:3:4:6),  ia  moat  readily  pre- 
pared by  the  aotion  of  eouoentrated  nitrio  aotd  on  triohlorophenol  (Faust,  ^im. 
CSkem.  Pharm.,  cxlix.  149);  it  is  also  a  product  of  the  action  of  chloroua 
anhydride  and  of  chloric  acid  on  benzene  (Cariu**),*  and  of  the  oxidation  of 
diorthochloroparamidophenol,  C,II ,Cl,(NHj).OH.  It  crystallizes  from  idcohol  in 
straw-yellow  prisms,  melting  at  120^  F.),  and  readily  volatilizes  in  a 

eurrent  of  etearo ;  it  yielda  diohloroqoinol  on  rednetion ;  it  dieeolrea  in  ammonia, 
forming  a  solution  whieh  gradoally  tome  green,  then  reddish,  and  finally  brown* 
from  which  acids  no  lotoger  precipitate  the  unaltered  anbetanoe.  By  the  pro- 
longed action  of  chlorine  and  of  ehlor-oxidizing  agents  on  quinone  and  subntances 
which  furnish  quinone  on  oxidation,  so-called  chloranil  is  obUiined,  which  was 
long  regarded  as  tetrachloroquiuone ;  Graebe,  however,  showed  that  it  was  a 
mistore  of  tri«  and  tetraefaloroqoinone,  which  oannot  be  easily  separated  by  the  aid 
of  eolfOitB,  but  may  each  be  obtained  in  the  pure  state  by  diguting  the  mixture 
with  solphorons  acid  and  then  boiling  the  product  with  water,  which  removes 
the  trichloroquinol,  leaving  the  tetrachloroquinol  undissolved  :  the  quinols  are 
then  reconverted  into  the  quiuones  by  oxidation,  and  the  latter  punhed  by 
crystalliaation  {ibid.,  oxlvL  i).  Graebe  prepares  chloranil  from  phenol  by  the 
notion  of  potaaaio  chlorate  and  hydroehlorie  aeid;t  aeoording  to  8tenhonee, 
{Jhmr,  Ckem,  Soe,^  xxi.  141  ;  xxiii.  6),  a  considerable  increase  of  yield  ia 
obtatnad  if  the  product  be  submitted  to  the  aotion  of  chloride  of  iodino  in 

*  Asft  has  recently  shown  {Deut.  chem.  Oe*.  Ber.,  x.  797),  that  the 
triehkrophenomalic  add  of  Carina,  which  was  aaid  to  be  formed  in  thia  reaction 

together  with  dichloroqui none,  is  in  reality  trichloroquinol  (trichlorhydraquinono). 

t  Schreder  ))aji  observed  that  the  mother-liquors  from  the  preparation  of 
chloranil  contain  an  acid  of  the  formula  CCI,.C(Oll)j.COOIi,  which  is  ako 
/urmed  from  gaiiiu  aud  saiic^iu)  aoids  {jibid,,  olxxvii.  2^2). 
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presence  of  water.  Trirhloroquinone  forms  gmall  yellow  prisms,  melting  at 
aboat  165°  (329°  F.) ;  ietrachloroquinone  crystallizes  in  pale-yellow  acaks, 
which  rabUme  completely  without  nelting  if  gently  he«(iMi,  but  if  middenly 
heated  it  melts,  ondergoing  partial  decompoottion.  Both  are  insoluble  in  water, 
which  dissolves  mono-  and  dichloroquinone,  and  difficultly  soluble  in  alcohol,  but 
nioro  soluble  in  benzene.  IJoth  yield  hexachlorobenzene,  C^Clj,  when  heated  at 
180 — 200°  (356** — 392°  F.)  with  phosphoric  pentachloride  with  addition  of 
phosphoric  oxyubloride  as  solvent  (Graebe) ;  with  acetic  chloride,  trichloroqainoM 
jielda  diaeetylMraekioroqwiol,  C.C1^(0.C\H,0),,  which  it  alto  prodneed  by  the 
action  of  acetic  chloride  on  tcAraohloiroquinol  at  onlinary  temperature!*  (Graebe); 
when  di<;psted  with  sulphurous  acid,  or  hydriodic  acid  and  ordinary  phosphortis 
(Stenhousc),  they  furnish  the  correspond  in  f)^  quinol  derivatives ;  trichloroquinol 
is  scarcely  atfected  by  treatment  with  sodium  amalgam  and  water.  Hesse  bis 
deseribed  a  namber  of  remarkable  bodies  derived  firmn  fan- and  telraoliloMiqiiiBoiie 
bj  the  aetion  of  aulphitee,  whioh  have  dnee  been  euunined  by  Gnebop  mho  hm 
proposed  fonnnlai*  for  them  differing  somewhat  from  thoae  aesigned  to  them  by 
their  diHcoverer.  Thus  on  adding  tptr:ublon>quinone  to  a  warm  dilute  solution 
of  potassic  sulphite,  two  Kulpho-salts  are  produced,  one  of  which  Graebe  represent* 
as  a  dichloroquinoldistdphonatc  :  C,C\0,+  jK^SO,  +  OH,  =  C',Cl,(OH),(SiU,K), 
•I*  2ECI  -f-  EHSO^ ;  regarding  the  Other  ae  Conned  by  the  displacement  of  the 
four  atome  of  chlorine  in  tetradiloroquinone  by  the  gnmp  SO,K,  and  the  muon 
of  the  reriulting  compound  with  a  molecule  of  hydric  potassic  sulphite.  Potassie 
thiochronate,  C\(OH)((  ).S( )  K)(SOjK)^,  as  the  latter  salt  is  called,  ij»  rcsolvfd  into 
hydric  potas.sic  bulphite  and  jxifassic  <£uinofdisiii/>/tonnft.C^UH)}]),{^(>K).., 
when  heated  with  dilute  hydrochloric  acid  solution  at  100  ^212°  h\) ;  and  by 
Che  action  of  alkaliea  it  in  converted  into  the  potaseic  ealt  of  tuHUotirome  or 
dhxyguHiongdmtiphmie  add,  C,0,(OK),(SO,K),.  By  the  action  of  reducing 
agents  on  potassic  euthioonmate,  the  potasidc  salt  of  Uiroxi/benxeneduulphonie 
acid,  C^(OH)^(S(),K)  ,  is  productHl.  Trichlnroquinone  yields  the  potassic  salt 
of  trichloroquinolxulphonir  arid,  C/(  UI)j(.'l,(SC),H),  on  treatment  with  potafsic 
Bulpbite  ;  and  by  the  action  of  pot^ihaic  hydrate  on  this  salt  in  presence  of  oxygen, 
the  potaasio  ealt  of  ehUnvdioxyquintnteaulphmc  aad,  0,0,C1(OK),(SO,X),  ii 
pn>duced. 

The  chlorine  in  tri-  and  Ietrachloroquinone  in  also  readily  displaced  by  the  action 
of  alkalies  ;  the  products  of  their  action  have  chietly  been  studied  by  Koch,  Graebe, 
and  Stenhouse.  Thus  by  dinsolving  chloranil  in  a  dilute  solution  of  pota.ssic  hydrate, 
it  M  converted  into  the  potassic  derivative  of  so-called  ekloramlic  acid  or  dicAloro- 
dioxyjuinoM,  C,C1,0^((>H),.  which  crystalliaee  in  beantUhl  purple-red  prium; 
the  "acid"  itself,  which  may  be  obtained  by  dissolving  the  salt  in  water  and 
addint^  hydrochloric  acid,  forms  bright- red  shining  scales.  By  the  action  of 
rcdiicing^  atrents,  dichlorodioxyquinone  is  converted  into  dichi orodioxyqui not  or 
dichloruieiror^benzeHe,  C,C1,(0H)^,  which  crystalli2es  in  colourless  needles;  it 
is  permanent  in  the  dry  state,  bat  when  mmst  ahsorfas  omen  and  is  reconverted 
into  the  parent  compoond.  Acetic  chkmde  al  100"  (3 1  a  F.)  convute  dichkn- 
dioxyquinol  into  the  tetraoetyl  derivative,  C^Cl,(CgH,0,)^ ;  and  when  acted  upon 
by  phosphoric^  pentachloride  in  the  proportion  of'  i  niol.  to  2  niols.  of  the  latter 
it  yields  a  tetvachlorudioxi/henzi'nt,  CAM^(()H)„  which  differs  IVom  tetrachloru- 
quinol  in  being  easily  soluble  in  water  and  also  by  yielding  u  dark-green  colour 
with  ferric  chloride,  the  latter  ciroamstance  rendering  it  probable  that  it  is  a 
catechol  (pyrocatechin)  derivative. 

Mono-  and  dibromo-derivatives  of  qninone  are  unknown;  a  mixture  of  tri- 
bromophenol  and  tetrabromoqiiinone  is  formed  by  the  action  of  bromine  in 
presence  of  iodine  and  water  on  phtMiol  (Stenhouse).  The  latter  compound  closely 
xeeembieo  the  oorrespoudiug  chioroquiuone  in  properties,    ii  bromine  is  added 
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to  mler  in  whidi  bromanUio  Msid,  C^Br,Oj(OH),,  is  •mpended  until  the  latter 
is  disaoWed,  and  the  solution  ii  then  idlowed  to  f«t&nd,  crystaLi  are  obtained 

which  apparently  have  the  composition'  C^Brj,OH,  and  a  corres{)on(3ing 
suUtance,  C,Br,Cl,OH,  i»  prodaoed  on  simikr  treatment  of  ohloranilic  acid 
(Stenbouse).* 

(1689)  QuuMTDSOHB. — ^When  aolntiooe  of  qninone  and  of  qoinol  are 
mixed  togvtber,  the  two  oombine  ibming  eo-ealkd  qninhydrone,  whidi  crystal- 
lizes from  ih/t  solation  in  long  flat  glistening  green*oolou(ed  needles;  this 
substance  is  also  formed  by  incomplete  reduction  of  quinone,  and  by  partial 
oxidation  oi"  quinoi.  According  to  Liebemiann,  it  has  the  composition  <^'„H,,()^, 
a^i  very  nearly  the  theoretical  amount  obtained  when  the  quinone  and  quinol  are 
employed  in  simple  moleoular  proportions.  It  dinolves  in  hot  water,  and  separates 
almost  entirely  from  the  solntion  on  oocding.  bat  is  decomposed  bj  boiling  with 
water;  reducing  agents  convert  it  into  quinol,  and  uxidizing  agents  into  qninone 
{D(ut.  rhem.  Ges.  Ber.,  x.  1614).  The  bodies  homologous  and  iaokgons 
with  quinone  and  their  haloid  derivatives  mostly  form  sitnilar  compounds. 

(1690)  Phbnoqcinonb. — This  name  has  been  iiH^igned  by  Wiohelhaus  to 
the  compound  Cj,H,^0^  formed  together  with  qnintd,  qninhydrone,  and  probably 
other  redaction  products  when  qninone  is  added  to  a  solution  of  phenol*  and 
also  by  careful  oxidation  of  phenol  (comp.  p.  476).  When  purified  by  snblima- 
tion,  it  forms  beautiful  red  needles  with  green  metallic  luRtre,  melting  at 
71°  (lS9*''8  F.)  ;  it  dissolves  in  water,  and  when  heated  with  alkalies  or  acids 
is  readily  resolved  into  its  generators  or  their  prodncts  of  decomposition.  From 
the  manner  in  which  it  is  formed  it  probably  has  the  formnla  G,H^(O.OC,HJ,. 

All  the  phenols  appear  to  react  with  qninone  in  a  similar  waj.  Thus  on 
mixing  solutions  of  quinone  and  pyrogallol,  pyrogaUo^uimone  at  once  separates, 
and  the  liquid  in  found  to  contain  unlv  quinol: 

2CM,0,  +  2CVI,(0HJ,  =  C.U  A)H}.  +  C,Hj:0.OC,H,(OH)J, 
Qoliism.       PjruKsUol.  QuiooL  PynesUoqiilitoos. 

This  body  fimna  bridc-red  needles,  insolnbki  in  water,  melting  at  ahont  aoo" 

(392°  F.). 

Probably,  also,  all  the  horaologues  and  isologuc.H  of  quinone  which  are  with- 
out difficulty  converLed  luU)  quinuls,  resemble  quinone  iu  their  behaviour  with 
phenols,  ^le  haloid  derivatives  of  the  quinones,  however,  aet  somewhat  diflb- 
lently,  triohloroqninone  yielding  qninhydrone  and  pyragal]oqttinone,reapeettvely, 

on  treatment  with  quinol  and  pyrogallol,  whilst  tetrachloroquinone  is  converted 

into  tetrachloroquinol  by  heating  with  pyrogallol  at  100°  (212^  F.).  Thiophenol 
also  exerts  a  reducing  action  on  quinone,  converting  it  into  <iuinhyilrone  and  quinol. 
By  the  action  of  aniline,  phenoquinone  i«  converted  into  the  compound 

•  The  nature  of  these  remarkable  products  is  at  present  unknown,  but  it  is 
not  improbable  that  tlieir  relation  to  benzene  is  less  simple  than  these  formula; 
indicate,  as  complex  bodies  have  been  obtained  by  the  action  of  chlorinating  and 
biominating  agenta  on  other  derivativee  of  beniene.  Thna  bj  the  aedon  of 
bromine  in  presence  of  water  on  triamidophenol,  Weidd  and  Qmber  have 
obtained  the  oomponnd  C|,H,NjHrj,Oy,  which  is  converted  into  the  compound 
Cj,H.Br,,(),,  by  w;irming  with  sulphuric  acid,  the  latter  being  probably  related 
to  the  bodies  ('  H  Hr^^O,  Cj,TI Jir,^(),,  &c.,  obtained  in  a  similar  manner  by 
Stenhuuse  and  Groves  from  catechol  and  pyrogallol  (pp.  525 — 54i>)  i  by  the 
eootinnedaotioa  of  bromine  and  wator, the  oomponnd  C„H,N,Urj,0,  is  converted 
mtoitoaMftro»aeslofie,CBry,CO.CBr,,  carbonic  anhydride  and  ammonia  being  the 
mily  accessory  products  {Deut.  chem.  Ges.  Ber.,  x  1 137).  Benedikt  also  has 
recently  obtained  the  compound  C^Br^OH  l)y  the  action  of  bromine  in  presenc« 
of  water  on  tribromophloroglucol ;  this  bt)dy  yields^ento6romaceto»«  on  warming 
with  alcohol  {^Ann.  Clitm.  JPkarm.,  cixxxix.  l^s)- 
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^ifltfiJ^**  Mentictl  with  the  subitanCi  obtvned  by  Hofmann  by  the  action  of 
aniline  on  quinone,  and  which  may  be  represented  by  the  formula 
C,H,(().NH.(\H.)„  (Wichelhaus).  The  action  of  aniline  on  tetrachloroauinone, 
however,  w  analogous  to  that  of  alkalies,  the  compound  C^Cl,0,(KH.CfH^, 
being  formed  (HoAnenn). 

(1691)  RseoiQiTiircnrB.— CMebhol  «nd  reftorcinol,  the  iaomerides  of  qaino1» 
do  not  yield  substances  related  to  them  as  quinone  is  to  quinol  <m  Olidation  ;  but 
as  already  mentioned  (pp.  523.  531).  the  so-c^illed  pentabromore»*orcinol  obtained 
by  the  action  of  bromine  in  excess  on  resorcinol,  on  warming  is  cimverted  into 
tlie  compound  C^UBt^O^  with  loss  of  two  atoms  of  bromine;  thin  compound, 
which  it  ieomeric  with  tnbromoqainoiM,  it,  perhaps,  derived  from  *  body  bewing 
a  tinuler  relation  to  reaordiiol  that  qniaoM  doee  to  quiDoL  It  dia«olvee  easily  in 
aleohol*  with  difficulty  in  ether,  benzene,  Ac.,  cryst  illizing  in  small  needles,  which 
decompose  at  about  190"  (374'^  F.) ;  the  attempts  to  combine  it  with  hydrogen 
and  with  bromine  have  been  unsuccessful.  A  similar  compound  is  obtained 
by  the  decomposition  of  the  so-called  pentabromorcin  (Liebermann  and  Dittler). 

(1692)  ToLVQimrovB  or  MxTBTiQiniioiis :  CH,.CJI,0,. — ^Tbia  qvinoM 
is  formed  ou  oxidation  of  orthometadiamidotolneiie :  CH,.C,H,(NHtX 
(CH,  :  NH,  :  NH,=  1:2:5)  orthotoluidine;  it  closely  resembles 
benaoqu'nonp,  crystallizing  in  golden-yellow  scales,  which  raelt  at  67°  (i52'''6 
F.)  ;  on  reduction  with  sulphurous  acid,  it  is  converted  into  methylquinol, 
CH,.C,H,(OH),,  which  forms  colourless  needles,  melting  at  134°  (255°"2  ¥.) 
(Kietiki,  Baui,  rkem.  Get,  Ber.,  s.  833;  1934). 

According  to  Sonthworth  (Ann,  Ckem.  Pkarm,,  cUviii.  368),  metacreed 
yields  only  dichlorotoluquinone,  and  orthocresol  a  mixture  of  di- and  tricMorotolu- 
qninnne,  on  treatment  with  potassic  chlorate  and  hydrochloric  acid,  whilst 
piiracrcHol  does  not  furnish  a  quiiione  derivative;  beech-tar  creasote,  according 
to  Gorup-Besanez,  when  thus  treated,  yields  a  certain  quantity  of  tetracAhro- 
iohtqmnone  (wmp.  Br&aninger,  ibid.t  elxxxv.  350). 

(1693)  XtIOQUINone.  —  By  oxidizing  the  portion  of  crude  phenol  boiling 
fetl95° — 220**  (374'' — 428"^  F.),  Rommier  and  IJouilhon  (JaAresb.,  1862,322) 
have  obtained  a  substance — the  so-called  phh>rone — of  the  composition  of 
xyloquiuone,  C,H,0,,  which  crystallized  from  water  in  long-,  very  slender  yellow 
necdtee,  melting  at  about  61°  (i4T**'8  F.).  According  to  Gorap-B«8anex, a 
tetraehlorinated  xyloqnioone  is  fomed  in  small  quantity  on  treating  oertahi 
beech  tar  creasotes  with  hydroohlorie  acid  and  potassie  chlorate. 

(1694)  OXYMETAXYLOQUIHONE  or  Ox YDIM ETnTLQriNOXE  :  C,HjOj  = 
(('Tlj)j('  H(OH )0,. — This  compound  is  formed  by  the  oxidation  of  dianiido- 
niesitylene  (CUj)jC,H(NllJj.  It  crystallizes  from  water  in  orange-red 
needles,  and  like  bmoioquinone  ia  very  Tolatile,  and  has  a  pungent  odour ;  it 
melts  at  103*  (317^*4  F.).  Its  aqncons  solution  is  immediately  ooloured  a 
magnifioent  reddish  violet  by  the  addition  of  a  traee  of  any  alkaline  substance 
in  consequence  of  the  formation  of  the  correspond  inf^  metallic  derivative,  of  which 
sov(r:il  liave  been  prepared;  the  potassium  compound,  Cj.Hj(()K)(.)j,  forms 
small  black  needles  extremely  soluble  in  water.  On  reduction,  it  yields  irioxy- 
metaxi/lene,  (CII,),C,H(OH),,  which  ciystsUixes,  with  a  rooleenle  ofwatar,  in 
large,  colqarlew,  fiati  a^Murratly  mmioeUnie  prisms,  melting  at  89"  (193^*3  F.), 
whilst  the  anhydrous  compound  melts  at  abont  133^  (351^*6  P.).  It  oxidizes 
on  exposure  to  tlie  air  with  formation  of  the  corresponding  qtiinhydrone,  which 
crystalli/.(s  in  nifilUs  resemblinfr  p<itju*sic  permanganate,  nu-lting  at  about 
143**  (2S9^'4  F.)  ;  lenic  chloride  reconvert*  it  into  the  oxy  qui  none.  On  dis- 
tillation 07er  heated  nne  dust,  trioxymetaxylene  is  redneed  tometaxylene  (Fittig 
and  Siepermann,  Ann,  Ckem.  Pkarm,,  olxsx.  33). 

(1695)  CYMOQUlNONKor  METHTLPBorYLQriNONE;  tJtymoqni miic :  Cj^H^.O^ 

B  C^f«.0,U,^CH,)0,. — This  ciuinone  is  formed  by  oxidation  of  both  thymol-  and 
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carvacrolsulphonic  acids  (p.  494).  but  is  best  prepared  by  distillin<;  the 
amidothymol  obtained  by  reduction  ol*  nitrosothymol  with  a  oonoentraUnl  solution 
of  ferric  ehloride.  It  erjratalliiM  in  jellow  glistening  plates,  melting  nt 
45^*5  (1x3^*9  F.),  and  boile  «l  nboot  aoo*'  (393"  F.)  without  decomposing 
(Carstanjen) ;  when  kept,  however,  especially  if  moiat,  it  appears  to  be  polymeriaed* 
being  converted  into  a  white  porcelain-like  substance,  which  cry»*tallizPH  from 
alcohol  in  long  yellowish- white  needles,  melting  at  about  200^  (39^^  F.) 
(Liebermann.)  The  quinone  is  extremely  volatile,  and,  like  the  homologom 
eomponnda,  poaeeeece  a  pungent  odonr.  By  the  action  of  mlpliaioiM  Mid, 
it  ia  fint  converted  into  thyraoquinhydrone,  which  erystallizes  in  black 
needles,  and  then  into  thyinoquinol  (liydrothymoquinone — 1 521).  It  dis- 
solves in  a  concentrated  ftolntion  of  pota-islc  sulphite  heated  to  about  60" 
(140"  F.),  with  oon:iiderable  development  uf  heat,  and  on  cix^ling  the  liquid  solidi- 
fies to  a  mass  of  crystals  of  the  sulpho-salt  C|,H^,0,(SO^K).  This  salt  yielda 
thjrooquinol  when  hoiled  with  hydroehloric  a^ ;  bat  if  the  toltttbn  b  raized 
with  an  alkali  and  exposed  to  the  air,  it  absorb* Oiygen  eoeigelieally,  and  acquires 
a  dark  purple-violet  colour:  on  adilintj  an  acid,  an  orani^e-colomvd  precipi- 
tato  of  oxi/t^i/tnoqmnone,  C^M is  obtained;  hence  it  is  probable  th;'.t 
the  salt  in  question  is  a  diox^^cj/i»enejiulj)honaie,  C,H,*.C,H(CH.,)(0H)j.i5U,lv 
(Carstanjen).  The  homologQes  of  thymoqainone  appear  to  behave  in  a  similar 
manner  with  sulphites.  Cymoqidnoae  dnsolvif  ia  eonosntcated  hjdroeUoric 
acid,  forming  monochloroeymoqainol,  C,lIy*.C,H(CH,)Cl(OH),.  On  treatment 
with  bromine,  it  yields  mono-  and  dibromocymoquinone  ;  the  former  crystallizing 
in  yellow  needles,  the  latter  in  f^listenintf  pale-yellow  scales,  which  melt  at 
73°'5  (i64°'3  F.) ;  dibromocymoquinone  does  not  appear  to  be  acted  on  by 
snlphttroas  aotd,  idthongh  o^  treatment  inth  tin  and  hydioohkNrio  add  it  is 
tadneed  to  eymoqoinol. 

(1696)  OxvcYUOQUIiroVSS.'— IXamidothymol  and  diamidocarvacrol  hydro- 
chlorides b  tth  funiisb  oxjfrymoquinone,  0^11^"  C,H(CH,)(OH)0,,  on  distillation 
with  a  solution  ol  ferric  chloride  ;  when  purified  by  sublimation,  this  substance 
forms  brilliant  scarlet-culuured  crystals,  mixed,  however,  with  orange-coloured 
Deedles,  whioh  possess  the  same  oompoMtion  hot  melt  at  a  lower  temporatoM 
(Caistaigeo).  Afloording  to  Ladenbnrg  and  Bngelbreoht*  howeter,  tho  lighter- 
eoloured  (rystals  are  probably  dioxycymoquinone,  monoxyoymoqninone  melting 
constantly  at  169°  — 172°  (336°"2 — 34i°'6  F.)-  Oxycymoquinone  dissolves  in 
alkaline  solutions,  forming!;  a  deep  pnrple-re<l  coloured  liquid;  on  boiling  it  with 
potassic  hydrate,  diouj/cj/moquinonet  C,Hj*.C,(CH  J(UH)^Oj.  is  formed.  This 
erjsialliiee  in  pale-red  prisms,  melting  at  220°  (428°  F.)  (Carstanjen,  Jomrm, 
pr,  Cism,  [2],  iii.  63 1  zt.  398  ;  Liebermann,  Denl.  okem.  Get.  Bgr^  ix.  1778; 
z.  77,  61 1 ;  Ladenboi^  and  Engelbrecht,  ibid.,  x.  49,  iai8). 

(1697)  Naphtiiaqcinonk  :  <',  ,H,,Oj. — Naphthalene  may  be  directly  con- 
verted into  this  quinone  by  oxidation  with  a  solution  of  chromic  anhydride  in 
glacial  acetic  acid  (Groves,  Journ.  Ckem.  Soc.,  xxr'i.  209) ;  and  it  is  formed  in 
almost  theoretical  qaantity  by  oxidation  of  the  diamidonaphthalene  prepared  bj 
ndodng  the  nitroamidonaphthalene,  which  melts  at  191''  (375**'8  F.)  (ooi^^. 
p.  349).  It  closely  resembles  the  quinones  derived  from  the  hydrooarbow  o£ 
tlu'  beii7,ene  series,  beins^  a  briijht  j'ellow  crystalline  substance,  possessing  a 
pungent  odour,  and  readily  vo'.itile  with  vapour  of  wat«r  ;  it  melts  at  about 
125^  (257*^  F.)  It  yields  naphthaquinol  on  reduction  (1522):  and  combines 
wil^  this  oompoond  forming  naphthaquiohydione,  C,,Hj^O^.  whieh  ia  adaric 
pnrplo  crystalline  substance. 

An  oxynaphthaquinone,  Cj,,TT^!'()]r)().,  has  been  prepared  by  boiling  the 
90-c.ilK'd  diiinidonaphthol  (p.  500)  witii  hydrochloric  acid.  Dioxif naphtha- 
quinone  or  naphihazarin,  ^„Il4^0H),Oj,  is  obtained  by  the  action  of  concen- 
trated sulphuric  acid  and  zinc  or  of  snlphario  acid  alone  on  a-dioitrooaphthaleue 
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(p.  353)  (Liebermann,  Deut.  chem.  fhs.  Ber.,  iii.  905  ;  De  Afj^iar  and  Ba«?yer, 
^id,,  W,  251,  438)  ;  it  forms  red-bruwu  cryi^taU.  having  a  brigbf  grvfo  metalUo 
lustra^  and  yidda  a  soriM  of  coloarad  ineUUie  darivativat.  B7  aotii^  00  diintio- 
a-naplithol  with  potaano  chlorate  and  hydrocUoria  aeid,  dflollofWirajpAliajiiaj^ 

C„H^C1,0,,  is  produced,  which  Qraebe  has  shown  (Ann.  Ckem.  Pkarm.,  cxlix.  l) 
exhibits  the  closest  resemblance  to  tri-  and  tetrachloroquinone  in  it«  reactions. 

(1698)  /3-NAPHTHA(iUiN0NE  :  H  .O.- — Hy  oxidation  of  aniido-tJ-naplithol 
Stenhouse  and  Groves  have  obtained  a  substance  isumeric  with  najilitliaijuinune, 
aryatalliaiDg  in  dendar  naacUea  of  a  bright  orange  ooloar,  melting  at  96°  (204°  8 
¥.) ;  it  ia  maeh  lata  volatile  than  the  iaomeride,  but  like  it  is  conrerted  into 
the  eoneaponding  qatncd  on  hydrogenation,  and  jMelds  phthalic  acid  on  oxi  dation 
by  nitric  acid;  when  it  is  mixed  with  a  nolution  of  the  quinol,  dark-coloured 
crystals  are  depo«ited,  probably  oonsisting  of  the  quiahydrone  {Jour,  Ckem,  Soc, 
1877,  ii.  52). 

(1699)  C!ouuLiOKOiil  orOBOBiBBT:  C,,H^,0,.~In  order  to  purify  the 
erode  aeatio  aoid  obtained  by  distillation  of  wood  (beeoh  and  Innh),  it  ia  the 

practice  in  some  manufactories  to  add  a  small  quantity  of  pota^isic  dichromats 
to  the  acid  separated  from  the  crude  calcic  acetate  by  di.stillation  with  a  stronger 
acid,  and  to  allow  the  mixture  to  stand  for  some  time  ;  tlie  surface  of  the  liquid 
then  becomes  covered  with  a  bluish  skin,  which  gradually  sinks,  forming  a  blue 
depoait  on  the  bottom  of  the  veaael  eontaiuin^  the  liquid.  Thw  anbatanee  ii 
inaolohle  in  all  ordinary  solvents,  but  may  be  purified  by  dissolving  it  in  phenol 
wanned  to  about  30*  (86**  F.),  and  precipitating  with  alcohol  or  ether,  tfie 
precipitjitc  boiii^  then  r»*peatodly  extrarte.l  with  Kciiliiiir  alcohol.  Coerulignone  is 
thus  obtained  crystallized  in  steel-blue  glistening  needles;  it  dissolves  in  con- 
centrated sulphuric  acid,  forming  a  magnificent  coru-tlower-blue  coloured 
eolation,  the  adoration  being  so  intense  that  the  mereet  traoe  may  be  thns 
rec(^plxed.  By  the  action  of  redacing  agents  it  is  readily  oonverted  into 
hydrocoenilignone,  C,^H,,0,,  which  is  reconverted  into  the  parent  compound  by 
oxidizii)'^'  aj^'Mit-J.  Ilydrocoerulignone  forms  colourless  rhombic  crystals,  t-oluble 
in  alcohol  and  benzene,  melting  at  about  190*'  (374**  F.)  ;  it  yields  metallic 
derivatives,  such  as  Cj,H^Na,0,,  and  corresponding  acetyl  and  benioyl 
derivativea.  When  heated  with  a  oonoentrated  aolntioo  of  hydrochlorie  add 
to  180° — 200"  (356* — 392°  P.),  it  yields  methylio  chloride  and  hexoxy- 
diphenyl  (1551).  Hvdrocoeruliijnone  therefore  probably  has  the  formula 
(\R.(On)(()CHJ^.(\H^(OH)((H'llA.  coerulignoue  being  the  oorreaponding 
quinone  (Liebennann,  Ann.  Chem.  Fharm.,  clxix.  221). 

Tbe  parent  subrit^uice  from  which  coerulignone  is  derived  is  not  known  in 
the  pure  atate,  hot  aeoordtng  to  Hofmann  (ZW.  etem.  0«»,  Bet.,  viii.  66)  it  is 
a  phenol-like  body  contained  in  the  portion  of  beeeh-tar  boiling  at  about  270* 
(518''  F.) ;  this  portion  of  beech-tar  also  contains  an  oily  body  of  the  compo- 
aition  Cj,M,,pj,  which  may  be  isolated  in  a  pure  state  by  fractional  distillation 
and  crystallization  of  its  sodium  derivative.  It  boils  at  285°  (545"  F.), 
and  on  oxidation  yields  a  quinone  of  the  composition  C,U,0^,  crystallizing  in 
long  yellow  needlea,  whieh  is  oonverted  into  tiie  quinol  C,Hj,0^  by  rednomg 
agents,  and  yields  a  dibromo-dtM  i\  ative  C,H,Br,0^,  which  forma  magnifioent  red 
crystals  melting  at  l"] '°  (347        on  treatment  with  bromine. 

(1700)  TF.TRoxYDini KN<)<H  i>'*J'^'i- :  11,0^,(01 1 is  formed  on  treatment 
of  hexoxydiphenyl  with  iodine;  it  crystallizes  in  microscopic  blue  needles 
resembling  coerulignone,  aolaUeinalkaUea  witii  nmagnifioent  Uoe  oolour  (Ideber- 
mann,  ihid,,  ix.  1887). 

(1701)  ETHENKDiCYMOQUiWHrB:  CJIj^^^,.  formed  on  oxidation  of  an 
alkaline  solution  of  ethenedioxycymyl,  CH,ZZC[C\H.((\H,)(CH^X<^>H)],,  by 
potasaio  ferrocyauide ;  it  forma  dajrk  red  crystals,  auU  is  reconverted  into  tbe 
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parent  compouud  bj  reductioa  with  tiulpburoua  acid  (Jager,  Jour,  Chem,  Soe., 
1877,  i.  262). 

(i  702)  Antheaquinone:  Cj^H,Og-  C,H^  {  00  }  ^A-"'^"^^™*^"® 

naphthalene  is  converted  into  the  correspoiidinoj  quinone  on  oxidation,  which  is 
best  effected  on  the  s-mull  scale  by  means  of  chromic  unh\-dride,  the  hydrocarbon 
being  dissolved  in  glacial  acetit  acid,  and  a  solution  of  the  anhydride  in  acetic 
■dd  added  aa  long  ai  reduetkm  takw  place ;  the  product  b  then  precipitated  by 
water,  and  purified  bj  distUlation  or  rablimatioii.  Anthreqainone  ie  prodnccd 
in  «mall  qnantity  to«jether  with  diphenyl  ketone  by  distillation  of  calcic  benzoate 
(Kekule  ;uid  Fraiichimont,  Ihut.  rhein.  Ge».  Tier.,  v.  <)o'^).  atid  is  also  formed 
by  heatinf<  u  mixture  of  phtlialic  chloride  and  benzene  with  zinc,  hy  oxidation 
of  orthotolylplu  nyl  ketone  (p.  375),  and  by  heating  orthobenzoylbenzoic  acid, 
C,H^OO.C,H,  cdOH.  with  ph<Mphorio  anhydride  or  aalphnrio  aoid  (Behr  and 
])orp,  Hid,,  vii.  578, 805;.  Dibrom-  and  dkhloianihrMena  and  anthraoenedihy* 
dride  also  famiah  antbraquinone  on  oxidation. 

Anthraquinone  may  be  cry!*ta!lized  from  hot  benzene  or  nitric  acid  ;  it  melts 
at  (527°  F.),  and  sublimes  in  yellow  needles  or  prisms;  its  boiliii}:^  point 

i»  above  that  of  mercury,  but  below  that  of  sulphur,  itii  vapour  density  deter- 
niood  by  Derille  and  Trooit's  method  in  ealphnr  vapour  Qorre»<ponding  to  tha 
formula  C,^H,0,  (Qraebe).  It  i«  an  eitramdy  etable  eabatanoe,  being  eoaroely 
affected  by  oxidizing  agent.s ;  and  it  is  not  converted  into  the  corresponding 
quinol  on  treatment  with  sulphurous  acid  or  a  dilute  solution  of  hydriodic  acid, 
although  this  compound  (1527)  may  be  obtained  on  di;;estiiii,'  if  with  a  dilute 
aolution  of  ttodic  hydrate  and  zinc  dutit,  in  which  the  quinone  gradually  di98olve», 
fonning  a  red-eolonred  liquid.  Antbraquinone  ia  ivadily  redttoed»  howarer,  by 
boiling  with  a  concentrated  eolation  of  hydriodio  acid  and  phoaphoros,  and  n 
finally  converted  into  anthracenedihydride.  Cj^Hj^j  the  formation  of  thin  body  is 
preceded  by  that  authranol.  C,^H^((>H),  isomeric  with  tlie  anthrols  or  anthra- 
plienoU  discov.  red  by  Liiike  (14X9).  Antliraiiol  ci  v-.t,illi/.i's  from  alcohol  in 
yellow  needles,  nieiung  at  1O3  — 170''  (325''  4 — 33»>'  F.),  soluble  in  alkalies; 
it  ia  reconverted  into  anthraqninone  by  oacidation  (Liebennann  and  Topf,  Dmt, 
ekem.  Get.  Ber.,  iz.  1301).  When  fused  with  pot^^ssic  hydrate,  antbraquinone 
yiekU  potawic  benzoate  :  C.^H.O,  +  2HOK  =  2C\H,.C00K  :  and  when  distilled 
over  soda-limH  it  furnishes  beiizene.  Hy  heating  with  phosphoric  pentachloride 
and  some  phosphoric  oxychloriile  at  190 — 200°  (374** — 30-"  tV).  the  oxygen 
in  antbraquinone  is  displaced  by  two  atoms  of  chlorine,  but  the  dichiorauthracene 
thua  prodooed  it  further  chlorinated  (Graebe  and  Liebennann,  Ann.  Chem. 
Pkarm,,  Sup.,-^  284*;  dx.  125).  It  yields  nulpho-acids  when  heated  with 
sulphuric  acid  at  temperatures  above  200**  (392°  F.).  Anthraquinonedisnlphonio 
acid  is  also  formed  by  the  action  of  oxidizing;  a^enttt  on  dichlor-  and  dibrom* 
anthraceucdisulphonic  acids  (Perkin,  Juurn.  Chem.  iSoc.,  xxiv.  20). 

Haloid  and  Nitro-derivativcs  ani/traquinone. — Mono-  and  dibrom- 
antbraquinone  are  obtained  by  oxidation  of  tri-and  tetrabromanthraoene,dieblor^ 
antbraquinone  being  formed  in  a  similar  manner  from  tetraohlorantbraoeno. 
firomine  is  without  action  on  antbraquinone  at  ordinary  temperatures,  but  at 
100"  (212^  F.)  slowly  converts  it  into  dibromanthraquinone.  TIubc  compounds, 
like  antbraquinone,  are  extremely  stable  bodies,  and  do  not  enter  into  reaction 
with  the  alkaline  sulphites,  in  the  manner  so  characteristic  of  the  haloid 
dMrivativee  of  benzoqunone  (Graebe  and  Liebennann,  loe,  eii.). 

Nitric  acid  alone  does  not  convert  antbraquinone  into  nitro-derivatives,  but 
on  heating  anthracene  with  dilute  nitric  acid  a  dtnitroanthraquinone, 
C,^Hj(NO,)j(>,,  is  olitained  together  with  antbraquinone.  According  to 
Fritiache,  it  crystallizes  in  microBco!)ic  quadratic  plates,  and  poasesaas  the 
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property  of  coml  inin;^  with  all  the  solid  hydrocarbons  in  coal-tar,  and  hence  it  it 
termed  Fritzsche's  reagent ;  the  compound  \vi  th  anthracene,  C„H„.C„H,(N0J,0^ 
forms  violet  coloured  laininie  {Jahrcsh.,  1 868,  395). 

AnthraquiDone  readily  yields  a  dinitro-derivutive,  however,  on  nitration  with 
a  ntxtare  of  oonoentrated  nitric  and  snlphuric  aeid«,  but  the  prodnet  is  apparently 
isomeric  with  the  before-mentioned  body,  as  it  doe*  not  yield  the  Tiolet  rompouod 
with  anthracene.  It  is  said  to  yield  alizarin  on  fusion  with  potassic  hydrate; 
coloured  substances  are  obtained  from  it  by  the  actioti  of  concentrated  sulphuric 
acid,  and  by  the  ai:tion  of  nitrous  acid  on  the  corresjjonding  diaraidoanthrsr 
quinone  (Bottger  and  PeterHeii ;  Liebermann,  Deut,  ckem,  Oes,  Ber.,  ir, 
226,  230,  301). 

(1703)  M0NOXT-DEBIVATIVE8  OF  * NTHBAQUINOigi. — Two  mOUQajWDXhni' 
quinones  and  several  isomeric  di-  and  trioxyanthraquinone*  ha?*  been  preptred, 

one  of  the  dioxy-  and  one  of  the  trioxy-derivatives  being  identical  respectively  with 
alizarin  and  purpuhn,  the  colouring  iuatter»  derived  from  madder  root  ^Bubia 
iinctorium). 

,  0^2 Mtmoaejfamihraquinone:  C,^H^(OH)0,,  is  obtained  as  a  bye-prodoet  of  tiie 

manufacture  of  alizarin  from  anthraqninone,  and  h  also  formed  on  reduction  of 
alizarin,  by  the  action  of  nitrous  acid  on  alizarinamid,  C,^HjOj(NH„)(OH),  and 
by  heatin<^  a  mixture  of  phthalic  anhj'dride  and  phenol  with  sulphuric  acid.  It 
crystallizes  from  alcohol  in  yellow  plates  or  needles,  which  do  not  melt  at  285' 
(545°  F.),  but  sublimes  at  a  higher  temperature  in  yellow  platen  It  yields  t 
cmiridenible  quantity  of  phthalic  acid  on  osidation  with  nitric  acid.  It  deeoni* 
pooea  baric  and  calcic  carbonates,  and  yields  a  red  cryetaUine  barium  derivative 
very  soluble  in  water,  but  does  not  dye  mordanted  cottori ;  its  nionacetyl  deriva- 
tive crystallizes  from  alcohol  in  sin:i1l  >-e1lowiah  interlaced  ueedleai  (oomp.  Lieber* 
mann,  Ann.  Chem.  Pharm.,  clxxxiii.  151). 

o-i  or  ErythroxjfanikraqmMJU  i  C,^H,(OH)Oj. — This  isomeride  of  oiytn* 
thraqninone  ia  foiwed  together  with  it  on  strongly  heating  a  mixture  of  phthslie 
anhydride  and  phenol  with  sulphuric  acid.  It  crystallizes  from  alcohol  in  orange* 
yellow  neiMllcs.  meltinu'  at  I  7.]  — 180'' (343°  4 — 35^°  F.),but  boi^ins  to  sublime 
at  1  ^o"  (302*^  F.)  in  long  red-yellow  needles.  Witli  baric  hydrate  it  forms  a  red 
precipitate,  almost  insoluble  in  water,  but  it  does  not  yield  a  coloured  lake  with 
alumina.  Ita  aolutton  in  aalpharie  add  ia  reddish-yellow^  and  exhibits  a  dji* 
tinot  narrow  absorption  band  in  the  green,  which  is  absent  from  the  spectnun  of 
the  solution  of  the  isomeride  (Baeyer  and  Cam*  Dsn^.-eieaC  Ge^.  Ber. ,  vii.  968). 

(1704)  O-I  :  2l)lOXYANTnBAQrTNONE     or    AI.I?^AinN:      Cj^Hg(On).0, — 

Accordinf^j  to  Schunck's  research^,  this  substance  is  not  present  as  such  in 
madder  roots,  but  as  an  amorphous  glucoside*  (^rubian) ;  the  roots,  however, 
aootain  a  peculiar  ferment  {eryihrozifm)  capable  of  decomposing  this  glucoddi 
with  formation  of  alizarin,  although  no  action  takes  place  as  long  as  the  plant  is 
living.    Adds  and  alkalies  also  separate  alisaria  from  rubian  %  bol;  in  aU  casii, 


*  A  crystalline  glucoside  termed  ruhen/thrie  acid,  which  la  resolved  bta 
alinrin  and  a  glucose  on  hydration  and  which  perhaps  is  the  form  In  whidi 
alisarin  is  present  in  madder  root,  waa  first  Isolated  by  Hoohleder  In  1851 

{^Ann.  Chfm.  Vharm.,  Ixxx.  321);  and  the  same  substance  apparently  wai 
afterwards  described  under  the  name  of  riifiitmir  acid  In-  Sclmnck,  who,  how- 
ever, regarded  it  as  an  oxidation  product  of  rubian — a  conclusion  which  is  by  no 
means  established.  According  to  Bodileder's  latest  atatement  (Ihui»  eim. 
Oes.  Ber.,  iii.  295),  mberythrie  acid  has  the  formula  C^H„0„,  Its  decompo- 
sition into  alizarin  and  a  glucose  being  represented  bytht  equation  :  C^H^O^,  a 
C„H,0^  +  Cfi„0^  -f  OH^  which,  however,  appean  somewhat  doubtful ;  Grsebe 
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doag  wHIk  the  aBsufai,  oUMar  bodns  ue  obtuMd,  of  wliioh  even  the  compotatkm 
bM  noi  jet  been  mitfMtorily  «ipceitamed ;  this  indeed  ie  true  of  many  <^  the 

madder  edoelil.  Although  the  true  formula  of  alizarin  and  the  passibility  of  its 
hi'h'i^  an  anthracene  derivative  wjis  first  recognised  by  Strecker  (ZeiU.  Chevi.  [2], 
iv.  263),  it-s  relation  to  this  hydrocarbon  was  tirdt  establi.slied  by  Graebe  and 
Liebermann's  researches  {Ann.  C/iem.  Fharm.f  Sup.,  vii.  291).  By  distilling  it 
irith  liiM  doet  fhew  chemiBte  enooeeded  m  obtainhig  enthnoene,  and  Iroin  ite 
veaemhlanee  to  dilonnulie  add  they  were  then  led  to  regard  it  an  a  dihydroxyl 
deriTative  of  anthraquinone — a  view  which  was  completely  confirmed  by  the 
aoeeeas  of  their  attempt  to  prepare  it  by  heatinj.'  dibromanfhruquinone  with 
potaMic  hydrate.  Tliis  process  wks  soon  utilized  for  the  nianut'acture  of  alizarin 
OD  the  large  scale,  but  Qot  lung  atlerwiuds  iLe  more  economii-al  and  manageable 
method  now  employed  waa  intiodnoed,  which  ooosiafai  in  ibaing  with  an  alkali 
ft  aalt  of  the^  tnilpho-aoid-prodnoed  by  treatment  of  antbraqnbooe  with  Noid- 
banaon  aulphuric  acid.* 

According  to  Wartha,  a  small  quantity  of  alizarin  is  formed  on  carefully 
fusing  anthraquinone  with  potassic  hydrate ;  it  is  also  produced  on  heating 
a  mixture  of  catechol  (pyrocatecian)  and  phthalic  anhydride  with  couceutrated 
aolphnrie  add,  and  izom  both  the  isomerio  m<»oxyanthraqainone8  by  fnaioa 
wAk  potaanc  hydrate  (Baayer  and  Caro,  DtmL  ek^m.  Qu,  JB^.,  viL  968). 

Anthraquinone  yields  a  mixture  of  mono-  and  disulpho^acids  on  treatment 
with  sulphuric  acid,  at  least  two  modifications  of  the  latter  being  formed  (Caro, 
ibid.f  ix.  68l);  hen(!e  "crude  alizarin"  is  a  mixture  of  several  tiub.stancet*.  It 
was  at  hrst  supposed  that  alizarin  was  formed  tirom  a  corretipondiDg  dibulpho- 
add,  bnt  it  ia  now  known  that  it  ia  derived  from  a  monoanlpbo-aeid,  the  firat 
piodnet  of  the  action  of  potaaaic  hydrate  on  thia  add  bdng  monoxyanthraqninone* 
which  is  subsequently  converted  into  alizarin,  merely  by  the  action  of  the 
potassic  hydrat*'  (conip.  Perkin,  Jour.  Chem.  Soc.  1876,  i.  851).  Each  of  the 
disulpho-acids  yields  in  a  similar  manner  a  corresponding  dioxy-derivative,  iso- 
meric with  alizarin,  each  of  which  may  in  turn  be  converted  into  a  trioxy-  • 
derivative  by  fiirther  fodon  with  alkali  (Oaro ;  Sohnnck  and  Boemer,  loe,  eii.). 

Aliaarin  is  almost  insolable  in  water,  but  disadvea  in  alcohol,  ether,  ben- 
zene, carbonic  bisulphide,  concentrated  ealphurib  acid,  tic. ;  it  separates  from 
it.s  solution  in  more  or  less  dee])ly-col(nired  jellow  fiocculi,  but  sublimed  alizarin 
forms  beautiful  orange-red  needles,  melting  at  alxiut  275°  (^527*'  F.).  It  iumi^hea 
a  series  of  metallic  derivatives,  two  atoms  of  hydrogen  becoming  displaced  by  the 
eqinvaleDt  amount  of  metal;  the  alkali*metal  derivattvea  are  adioble,  but  thoae  of 
otiier  metals  insoluble  in  water.  Its  solution 'in  alkalies  is  of  a  beautifnl  violet 
coloar;  with  alumina  it  forms  a  red  precipitate  or  lake;  with  iron  salts  a  purple 
precipitate.  On  reduction  with  jxitassic  liydrate  and  zinc,  it  yields  tetroxy- 
antbracene,  C,^HJ0H)^,  which  is  very  readily  reconverted  into  alizarin  by  mere 
exposure  of  the  alkaline  eolntion  to  the  air ;  when  oxidized  by  nitrio  acid,  it 


and  Liebermann  have  suggested  tliat  it  has  the  formula  ^'^H„,0^,  and  that  its 
decomposition  by  hydration  is  represent^  by  the  equation :  C„H^O,^+  2OH,  = 
Cj^li,0^ -f  3C,Hj,0,  i  but  tiiia  fiyrmola  ia  scarcely  reconcileable  with  the  acid 
chamten  of  the  oompoimd,  and  .the  fiut  that  it  yidda  edonred  precipitatea  with 
many  metallic  salts. 

♦  The  history  of  the  discovery  of  the  constitution  of  alizarin,  and  of  its 
artificial  production,  has  been  well  described  by  Russell  {Brituh  Association 
JiejporUt  1873).  An  interesting  account  of  the  mode  ol'  dyeing  madder  colourt* 
will  be  ibond  ui  Cdvert'a  work  on  Dyeing  and  Calico  Printing,  edited  by  SUa- 
koiiBa-a&d  Qrovea  (1876.  Vandieatar :  Palmer  and  Howe). 
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yields  ft  oontidMmblB  qnaatity  of  phthafic  aaid.   Bj  the  action  of  aociie  anhydridt 

it  is  eooveried  into  diacetylalizurin,  C  H,(C^,0,),0,,  which  forniR  yellow  flat 
needles  or  pl  itfs,  ineltinj?  at  160°  (320  F.)  ;  on  nitration  this  substance  yields 
a  nitroalizann,     JI.(N<  O,^,  dyeing  alumina  mordants  a  bright  orange 

colour,  and  converted  by  reduction  into  amidoalizariu,  whicli  cryntallizeh  in  small 
bhek  needlea  disaolving  in  alcohol  to  fon»  ft  beantafiil  cmnion  aolfttion  (Peikin, 
JoMT.  Chtm,  8oe„  x876.il  578).  By  heatbg  it  with  bromine  at  180*— 190* 
(356° — 374^  F.),  aliaarin  is  converted  into  (romaZiaarMi,  C,^H,Br(OH),0^ 
which  yields  phthalic  acid  on  oxidation  (IVrkin,  ibid.,  xxvii.  401). 

(1705)  IsoMKKiDES  OF  ALizvuiN.  Q-i  :  4  Diox^unthraquinone  or 
fuinitarin :  Cj^U.(OH),Of — Thib  ibouieride  of  alizarin  is  formed  on  beating  a 
miztoM  of  phthalic  wihydrida  nnd  qnind  (hydroqninone)  or  parachloropheool 
with  anlphnrie  ftdd  (Grimm,  X>euf.  chem.  Get,  Ber.»  vi.  508;  Baeyer  and 
Caro,  ibid.,  vii.  968;  vm.  1$2;  Liehermann  and  Gieael,  ibid.f  x.  606);  aod 
by  the  action  of  heat  on  purpurin  (Schunck  and  Hoenier,  Jour.  Chem.  Sue, 
1877,  i.  674).  It  closely  rest^mbles  alizarin,  crystallizing  in  bright  red 
netnlles  wliich  melt  at  about  194°  (38l°'2  F.),  and  yields  aimilar  colours  with 
mordants ;  bat  ita  aolutinn  in  ether  or  aalphwrio  add  exhihita  a  greeniah>yeUoir 
fluoreecence  and  a  well-defined  absorption  apoctniin,  which  is  not  the  case  with 
alizarin.  Both  aliaarin  and  quiniz^trin  are  rnnverted  into  purpurin  by  oxidation 
with  mnngnnio  dioxide  and  sulphuric  acid  (De  Lalftode;  Baeyer  and  Caro)*  Id 
diacetyl  dtrivative  melts  at  200*"  (392*  F.). 

o-i  :  ^Dioxj/anthraquinone  or  purjmroxanlhin :  C,^H,(OH)jOj.  is  pre- 
sent in  email  qnantity  in  madder,  and  may  be  ohiuned  by  iMlsting  purpuo- 
xanthic  acid,  C,,Hj(OH).p^.COOH,  and  from  purpurin  (trioxyanthfaquinoDe) 
by  boiling  it  with  an  alkaline  solution  of  stannous  hydrate,  or  by  convertine  it 
into  amidodioxyantliraquinont>  by  inr.itis  of  ammonia  and  displacing  the  NHj 
group  in  the  latter  compound  by  hydrogen  by  the  action  of  nitrous  acid  (oomp. 
Liebermann,  ^nn.  Chem.  P harm. ^  dxxxiii.  211 ;  Sohuuok  and  Roemer, 
cit).  It  anblimes  Tcry  readily  in  yellowish-rad  needles,  melting  at  363* 
(505*' '4  F.),  eanily  aoloble  in  alcohol ;  it  dissolves  in  barytu-water,  forming  a 
yellowihh'red  solution,  and  does  not  yield  colours  with  mordants,  By  boiling 
with  potassic  hydrate  solution,  it  is  reconverted  into  pur]>nrin  ;  ort  oxidation  with 
nitric  acid  it  yields  a  considerable  quantity  of  phthalic  acid.  Ita  dia<-«ljl 
derivative  forms  pale  yellow  needlea,  melting  at  about  1S4"  (363°  2  F.).  It 
yidda  crystalline  dibromo-  and  dinitro-derivatiTea  (Plath,  Dtut,  ehlm.  Oat.  Jfcr^ 
iz.  1204). 

(P)  2—3  or  2'-2  Dioxyanihraquinone ;  Anthrajlainr  acid :  C,^H^(OH),0,. 
— This  isouieride  of  alizarin  is  a  constituent  of  the  crude,  artificially  prepared 
alizarin  (Schunck;  Perkin,  t/our.  Chem.  Soc,,xx\v.  11 09;  xxvi.  19;  Schoock 
and  Roemer,  Deut.  ekem.  Oet.  Ber^  ix.  379,  678) ;  isoca  which  it  may  lia 
estracted  by  bdling  with  baryta-water,  bdng  the  prodoet  of  tho  action  of 
alkali  on  one  of  the  disulpho-acids  formed  on  heating  anthraqninone  with 
snlphuric  acid  (Caro) ;  it  is  also  the  chief  constituent  of  the  so-called  anthra- 
flavone  obtained  by  I'arth  and  ScnholVr  (.4nw.  Chtm.  P/tarui.,  c]xx.  lOo)  by 
heating  nu  tanxybcnzoic  acid  with  somewhat  dilute  sulphuric  acid  at  180° — 200* 
(356"— 392  1  .)  (Schnnok  and  Roemer,  ibid.,  x.  1235).  It  cryatallizea  from 
doohol  in  yellow  ailky  needlea,  almost  inaolublo  in  benzene  and  odd  buytft^walMr, 
melting  above  330°  (626°  F.)  ;  ita  solution  in  alkalies  baa  a  ydJowish-red 
colonr,  but  it  does  not  colour  mordants.  Tt  is  converted  into  flavopiirpnrin  by 
fnsion  with  potas^ic  hydrate.  Its  diacefyl  derivative  forms  in  pale  yellow 
crystals  melting  at  about  228°  (442'''4  F.).  By  the  addition  of  an  excess  of 
bromine  to  ita  alcoholic  adiitlon,  anthrdlftvic  add  is  converted  into  a  tetrabroiDO- 
doriYati?e,  insdublo  in  all  the  ordinary  moDstnift. 
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Ixoanthrajlavic  add :  0^^1^(011)^0.. — This  dioxyanthraquinone  alsoaccom- 
panieg  alizarin  and  anthniHavic  acid  in  crude  alizarin  (Sohunck  and  Roemer, 
loc,  cit.),  and  is  derived,  like  the  latter,  from  au  anthraquiuouedisulphunic  auid 
(Caro);  being  etrilj  tolnble  ia  oold  baryta-water*  it  ia  withoot  difficulty 
Aep:irated  from  its  isomerides.  IitoanthraAavio  Mid  ei||8tallize8  from  aqueous 
alcohol  in  long  yellow  needles,  which  after  drying  over  sulphuric  acid  retain  a 
molecule  of  water;  the  anhydrous  Hubstiince,  liko  antliratluvic  acid,  does  not 
melt  at  330°  (626"  F.)  but  sublimes  at  a  higlier  Uinp  r  iture.  Ita  solutions  in 
alkalies  and  in  hut  sulphuric  acid  are  of  a  deep  red  cc  luur,  whereas  the  latter 
fimse  a  yelknr  eolation  witb  aathnflaric  aeid;  it  it  dettitate  of  dyeing  propertiee* 
Bj  the  aotioD  of  potaieic  hydrate,  it  is  converted  into  anthrapurpurin ;  with 
bromine  it  j'ields  a  tetrabromo-derivative  moderately  soluble  in  acetic  acid;  it 
does  not  furnish  phthalic  acid  on  oxidation  with  nitric  acid.  Its  diacetyl- 
derivative  tonus  pale  yellow  indistinct  crystals  which  melt  at  about  195* 
(383°  ¥.)  (comp,  Perkin,  Jour.  Ckem.  Soc,  1876,  i.  851). 

Ckrytunm:  C,^H^(OH)^(>,. — To  prepare  thie  ieomeride  of  alinrin,  ao-oalled 
dirjsammic  acid,  ^uH2(N0,)^(0H),0,,  obtained  bj  the  action  of  oonoentrated 
nitric  acid  on  Barbadt ><.'.->  aloes,  is  converted  into  the  correnponding  amido-compound 
— the  hydimlirysammid  of  Schunck — by  reduction  with  a  solution  of  sodic 
thiobydrate,  and  the  dia^io-compound  resulting  from  the  action  of  nitrous  acid 
on  the  product  decomposed  by  heating  with  alcohol.  It  crystalliaee  from  aoetie 
add  in  red-brown  glietening  needles,  m^Umg  at  191"  (3  7  5  "'8  F.);  it  diaiolvee 
in  allcalies,  forming  a  yellowitih-red  solution,  which  is  not  fluorescent,  and  which, 
on  the  addition  of  ailcic  and  baric  salt.s,  yields  red  precipitites  of  the  calcic  and 
baric  derivatives  of  chrysa/Jii.  It  is  destitute  of  dyeing  properties.  When 
distilled  over  zinc  dust  it  yields  authriicene.  It  is  not  converted  into  phthalic 
mad  by  ozidatioa  with  nitrie  add.  Diacetylchrysaiin  forms  jdlofrerjetaledmilar 
to  tiuwe  of  benide  add,  melting  at  226^—230'*  (438'*'8— 446*  R).  Bj 
beating  chrysazin  with  an  excess  of  fuming  nitric  acid  in  the  water  bath,  it  is 
converted  into  a  t<>tranitrodioxyanthraquinone,  which  is  in  all  rt>8peete  identical 
with  chrysammic  acid  from  aloes  (Liebennaim,  loc.  dt.,  p.  174). 

Other  isomerideji  of  alizarin. — According  to  Schunck  and  iioemer,  so-called 
anthradavone  oontains,  beeides  anthtaflarb  add,  a  seoond  isomeride  of  aliiarin, 
diatingdsbed  bv  ite  solubilitj  in  beoiene.  It  crystaUiiee  in  anhjdrons  needles, 
mdting  at  293^  (557^*6  F.),  and  dissolTes  in  alkalies  fimning  a  pure  yellow- 
colonred  solution. 

Frangulic  acid  from  franguliu  (p.  694),  according  to  Faust,  is  also  an 
isomeride  of  alizarin ;  but  it  has  been  very  iuduthciently  examined,  and  it  is  not 
improbable  that  it  is  a  methylanthraeena  derivative  (oomp.  Idebermann  and  Wald* 
iteio,  Deuteiem,  Get,  B^r.,  is.  1775). 

Lastly,  madder  is  said  to  contain  an  extremely  small  amount  of  an  isomeride 
of  alizarin,  distinguished  by  dissolving  in  a  solution  of  pritiif^ic  or  sodic  hydrate 
with  a  blood-red  colour,  and  by  not  yielding  colours  with  alumina  or  iron  mordanta 
.  (Rochleder,  ibid.,  iii.  292). 

(1706)  TBIOKT-bniVATITM   OV    AHTSBAQUnrOirB ;    O-l  I  2  s  d^THo^jf* 

antkraqmimw  w  Pwpmniii :  C„H^(OH),0,. — Purparin  oocnrs*  together  with 
alizarin  in  madder  extract,  being  present,  like  the  latter,  in  the  fresh  root  as  a 

gliicoside ;  to  separate  it  approximately  from  alizarin  on  the  large  scale,  advan- 
tage is  taken  of  the  discovery  of  E.  Kopp  that  the  gluooside  of  purpurin  is 
decomposed  by  warming  with  a  solution  of  sulphurous  acid  to  50° — 60^  (122^ 
—140^  F.),  whereas  the  gloooside  of  aliiarm  is  onlj  decomposed  on  heating  to 
about  100"  (212^  P.).  It  maj  be  fiirther  purified  by  dissolving  it  in  boiling 
alum  liquor,  in  which  it  is  far  more  soluble  than  alizarin,  adding  acid  to  the 
filteied  solution,  and  if  neoessaiy  repeating  the  solution  in  alum  liquor,  Jka, 
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ailer  which  it  is  several  times  re>crystallized  from  alcuhul ;  or  still  better  bj 
esteMfciiig  'manjeet,'  the  root  of  JStfMa  munjula,  with  «  boOing  aolntion  of  ala- 
miaio  iiiilphmte,pneipitati]ig  with  hydroehkrie  add  and  crjataUiang  the  product 
from  apirit.  Aa  moigeet  do«a  not  oontdn  aliaaria,  the  purpurin  is  easily  obtained 
in  a  pure  stnto.  The^  crude  purpurin  preparpd  by  Kopp's  method  contains  a 
considerable  ijiiatitity  of  i^oM-Hlled  pseudopurpiirin,  which  Kosenstiehl,  Phtb  and 
LiebeniiHiiu  (lODip.  ibid.,x.  i(n6)  have  »hown  to  be  a  purpurincar  boxy  lie  acid, 
C,«H,(011),(  ),.COOH.  Thia  aabatanoe  ia  leadflj  deooopoaed  into  purpurin  and 
otfbonic  anhydride  hf  heat  or  by  bdling  with  potaaaio  hydrate  Mlution.  Parpurin 
may  be  frnned  artificially  from  both  alizarin  and  quiniaarin  by  oxidation  with 
manganic  peroxide  and  sulphuric  acid  (De  Lalande  ;  Baeyer  and  Cnro). 

Purpurin  crystallizps  from  aqueous  alcohol  in  deep  orange-coloured,  thin, 
fktt«Ded  priiimft  of  the  composition  Cj^H,0,  -♦-  OH, ;  from  strong  alcohol  it  ia 
depoaited  in  dark-red  anhydrona  neediea,  melting  at  253°  {4Sf-4  F.)*  but  it 
begin*  to  sublime  at  1 50"  (302**  F.).  It  diaaolvea  in  aUcaliee,  piodndng  deep 
red-coloured  solutions;  and  on  treatment  with  boiling  baryti-waler  forms  a 
purple  lake  quite  insoluble  'u\  water;  it  dyes  a  red  free  Irom  all  blue  tint  with 
alumina  mordants,  and  purjiles  and  blacks  with  ferric  salts.  Purpurin  and 
alizarin  are  readily  distinguished  by  means  of  the  characteristic  aboorption 
apectra  of  their  aolntione  in  TarioQa  menatma ;  purpurin  u  also  oharaeteriaed  fay 
giving  a  pink  fluorescent  aolution  when  diaaolted  in  alum  liquor.  Its  deriva- 
tives are  obtained  with  less  facility  tluui  thoae  of  aliaarin,  and  it  is  a  less  stable 
body  than  alizarin  ;  thus  a  solution  of  purpurin  in  alkali  loses  its  coloiir  on 
exposure  to  the  air.  becuuiiug  pale  yellow  in  consequence  of  the  oxidation  of  the 
purpurin.  This  behaviour  renders  it  possible  to  detect  traces  of  alizarin  in 
preeenoe  of  oonaiderable  qaaniitiea  of  purpurin,  for  if  the  latter  be  destroyed  in 
this  manner,  the  aUzarin  may  then  be  easily  reoogniied,  as  the  producu  of 
oxidation  of  the  purpurin  do  not  alfect  its  absorption  spectrum.  Purpurin,  like 
alizarin,  yields  anthrai-ence  when  distilled  over  heated  zinc  dust;  when  dissolved 
in  alkali  and  heated  with  zinc,  it  is  converted  into  pentoxyanthracene;  and  ou 
oaidation  with  nitric  acid,  it  yields  phthalic  acid.  When  heated  with  aoetie 
anhydride  at  iSo*'  (356^  F.)*  it  yielde  triaoetylpurparin,  whieh  eryatalliiee  in 
yellow  needlea,  melting  at  about  199°  (390°  2  F.) ;  on  treatment  with  bromine 
it  yields  monobromopurpurin,  which  cry>tallize»  in  dark-red  lustrotis  needles, 
melting  at  276°  {S26'''6  F.)  (comp.  Schunck  and  Koemer,  Jour,  Ckem.  SoCp, 
1S77,  i.  670). 

Itopurpurin:  C^fl^iO}i)fi^ — This  isomeride  of  pnrpnrin  ie  prodneed 
in  ahnoet  theoretioal  quantity  on  earefhlly  heating  isoanthraflavie  add  with 

potassic  hydrate.  It  crystallizes  from  acetic  acid  in  minute  orangeHSolomed 
anhydrous  needles,  melting  above  330°  (626"  F.) ;  its  triacetyl- derivative  crystal- 
lizes from  acetic  acid  in  pale  yellow  glistenini,'  scales,  melting  at  about  221° 
{429°*8  F.).  It  yields  a  dibromo-derivative  on  treatment  with  bromine.  Anthra- 
purporin  haa  about  the  aame  affinity  for  mordants  as  alizarin,  and  it  yields 
analogoua  oilJoura,  bnt  purer  ahades ;  the  jianda  in  ita  absorption  epeetnun  are 
also  in  the  same  position  as  those  of  alizarin  (Perkin,  Jour.  Chem.  Soc.,  xxvL 
425;  Schunck  and  Roemer,  Dcuf.  chem.  Gcs.  Ber.,  ix.  678;  x.  1S21).  Its 
(lyeini;  pro|>erties  are  Hiinilar  to  those  of  purpurin.  On  treatment  with  bromine 
it  yields  u  dibromo-derivative. 

Flavopurpwrimt  C,^H^(OH),0,,  isomeric  with  purpurin  and  iiopurparin, 
is  formed  by  heating  antbn^rie  acid  nndor  presaure  with  aoonoentiated  eolution 
of  potaasic  hydrate.  It  crystallizes  from  alcohol  in  golden-yellow  anhydrona 
needles,  meltirtg  above  330"  (626°),  but  sublimes  in  long  needles  like  alizarin. 
It  dissolves  in  a  solution  of  potassie  hydrate  forming  a  purple-eoloured  liquid, 
less  red  than  that  of  purpurin  but  redder  than  that  of  isupurpuriu,  and  whicii 
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exhibits  au  extremely  characteristic  absorption  spectrum.  It  forms  a  diacetyl- 
d«rirative, which  crjstalliiw  in  goldeo-jeUowplatM, melting  at  238^  (46o*'-4  F.) ; 
or  a  triaesljl-derif fttlf«  nmeh  mora  aoioble  in  aoetie  aeid,  which  crystaUizw  in 

nilphar-yellow  needleit,  melting  at  196''  (384''-8  F.).  Bromine  converU  it  into 
» tribromo-derivative  (Schunck  and  Roomer,  loc.  cit. ;  ibid.,  x.  1S21). 

Ojcychrifsazin  :  C,  JIj(OII)^(X,  is  formed  on  fusion  of  chrysaziii  with  potassic 
hydrate.  It  is  somewhat  dithcultly  soluble  in  alcohol;  it  dissoiven  in  alkaline 
aolntiooc  with  %  violet  odour,  and  jielde  oolooxs  with  mordants  intermediate  in 
tint  between  those  fnmished  bj  alixarin  and  porporin.  Ite  eolation  in  alam* 
liquor  is  not  fluorescent  like  that  of  porpurin.  Its  triacetyl- derivative  melts  at 
about  193°  (379''*4  F.)  (Liebtrraann,  Ann.  Chrm.  Phnrm.,  clxxxiii.  191). 

(?)  O— 1 :  2  :  3  Trioxyanthraquinone  or  anthrtuialhil .-  ('j^H^((>ll)j(  formed 
by  heating  a  mixture  of  benzoic  and  gallic  a^ids,  or  of  pyrogallol  and  piithalic 
■nhydridev  with  eulphnrio  aeid,  eablimes  in  orange  needles ;  it  yields  phthalio 
and  on  oxidation.  Its  triaoecyl-derivative  forms  pale  yellow  needles,  melting  at 
171*'— 175**  (339''8-347'*  F.)  (Seuberlach,  ibid.,  ix.  38). 

(1707)  TeTKOXY-  AND  HKXOXY-DEBIVATIVES  OF  ANTHRAQUINONK  ;  Te- 
trou-j/ant/ir(i(jtan(j>ie  ;  itnthrachri/aone  :  — This  compound  is  formed 
on  halting  diuxybeuiujic  ucid  from  disulphobenzoic  acid  with  concentrated  sulphuric 
■dd  at  130** — 140°  (248* — 384*  F.).  It  forms  yellow  microscopic  prisms, 
which  do  not  melt  even  at  320^  (608**  F.)  ;  it  dissolves  in  alkaline  soluttons  and 
in  sulphurieaoid,  forming  red-coloured  liquids,  and  it  also  dyes  alumina  mordants 
red.  When  passed  over  heated  zinc  dust  it  yields  anthracene  (Berth  and  SSenhofer, 
•Wrf.,  clxiv.  109). 

By  heating  opianic  acid.  C,H,(0CHJ,(C0H).C0011,  with  sulphuric  acid, 
Idebermann  and  Chojnaeki  have  obbdned  ared  colonring  raatter,nf/Eop»»,  C\^H,0,, 
which  apparently  is  also  a  tstroxyanthraquinone  as  it  yields  anthracene  when 
passed  over  heated  zinc  dnst.  It  crystallizes  from  alcohol  in  indistinct  yellowish- 
red  neodles,  and  dissolves  in  alkaline  solutions  with  a  violet  colour  [ihid.  clxii.  321). 

Ilejraxifanthraujuinone ;  rujigallic  acid:  Cj^}Ij(()H),Oj. — This  compound 
is  formed  oa  heating  gallic  acid  with  concentrated  sulphuric  acid,  the  conversion 
being  complete  at  the  temperetora  of  the  water  bath ;  ite  fonnataoo  in  this 
manner  is  fH'eciaely  analogous  to  that  of  anthrachrysone  and  anthraflavone  from  di« 
and  monoxybenzoic  acid  respectively.  It  sublimes  in  yellowisii-red  transj)arent 
neediee  ;  it  dissolves  in  sulphuric  acid,  forming  a  red  solution  ;  when  moistened 
with  a  concentrated  solution  of  potassic  hydrate,  it  is  coloured  a  magniiicent 
indigo-blne,bat  with  a  more  dilute  solution  it  forme  avii^et-edonred  liquid,  from 
wluch,  however,  it  is  gradually  depoeited  on  standing.  With  alumina  end  iron 
mordants  it  yidds  oolours  similar  to  thoee  of  alizarin,  but  dulL  When  reduced 
by  sodium  amalgam,  it  yields  a  small  quantity  of  alizarin  ;  and  by  distillation 
over  lieated  zinc  dust  it  is  converted  into  anthracene  (comp.  Jatfo,  Deut,  chem. 
Ges.  Jier.,  iii.  694;  Klobukowski,  ibid./xx.  1056). 

(1708)  Mrhtlaiitkbaquiiioiix:  C„H„0,  =  CH,X\,H,0,.— This  homo- 
logoe  of  anthraqoinooe  is  obtuned  by  oaldatioo  of  methylanthraoene  (x394)« 
and  on  further  uxidation  becomes  oonverted  into  anthraqainonecarboxylic  acid, 
C,^H,0,.COUH.  It  sublimes  very  readily  in  yellow  needles,  melting  at  1 63* 
(325°'4  P.),  easily  soluble  in  boiling  alc*>liol  (Fischer,  ihid,,  viii,  675). 

On  converting  methylauthraquinone  into  sulpho-acid,  and  fusing  the  potassio 
salt  of  the  latter  with  potasdc  hydrate,  it  appears  to  yield  methjflalusorin ;  this 
sobstanoe  forms  red  orystds  mdting  at  about  25 (483^*8  F.),  and  very  dosdy 
resembles  alizarin  (Fischer). 

Chrysophanic  acid  and  em(«lin,  two  substances  extracted  from  rhubarb,  have 
ecently  been  shown  by  Lieberinann  and  Fischer  to  be  respectively  the  di-  and 
rioxy •derivatives  of  luethyLuithra^uiuouc  C/ient,  PAan/».,  oUxxiii.  158)^ 
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chrjsophanfo  and  has  also  been  detected  in  ihe  foote  of  tevertl  olher  tpeoM  of 

Rhvum,\n  several  species  of  BumeXtVoA.  in  yellow  wall  Y\c\Mii{ParwuiUa  parie- 
tiaa),  and  emcKliii  in  the  bark  of  Bhamniu  frangul n  (Liebermann  and  Waldatein, 
Deut.  chem.  Geg.  Ber.,  Ix.  1 775).     Emodin  ami  chrysophanic  acid  are  dis- 
tinguished by  their  behaviour  witli  a  solution  of  Kodic  carbonate,  the  former 
dlMolving  with  a  blood-red  colour,  the  latter  being  insoluble.  CArj/sopkanic 
acid,  <^'H_,(  ,J1^(0H),0,,  crystalliiee  in  golden-yellow  needles,  melting  at 
162"  (323''  6  F.) ;  it  dissolves  in  tolntions  of  alkdiee  with  a  cherry-red  colonr, 
and  it  yields  red  precipitatea  with  lime  and  baryta-water,  which,  hoire?er,  an 
docotnpoiJed  by  mere  txj  osuro  to  the  air.    Its  diacetyl-derivative  forms  narrow 
glistening,  pale  yellow  plates  melting  at  about  203*  (397*'*4  F.).     By  dissolving 
it  in  fuming  nitric  acid  it  is  converted  into  a  tetranitro-derivative  resembling 
that  olvtained  firom  ohrysazin.    ^FukkKh,  CH,.(\^H/UH),0^,  crystalliaes  from 
aoetio  acid  in  silky  orange-red  needk-s,  meltin-;  at  24.V' — 250"  (473° — 482**  F.) ; 
its  triacctvl-dci  ivative,  prepared  by  heating  it  with  aoetio  anhydride  at  tio" 

(356°  F.):  melts  at  190^  (374°  F.). 

By  oxidizing  barbaloin  and  soc-aloin*  with  chromic  acid  mixture,  Tilden  has 
obtained  a  tetroxymethylanthnquinone,  CH,.C\JI,(OH)^0,,  which  he  terne 
ahnMntkiM,  as  an  orange  grannlar  powder ;  it  dissolves  in  sodic  hydrate  solntioa, 
forming  a  eberry-red  coloured  liquid,  but  has  no  affinity  for  mordanta  (JSnh*. 
CileM.  Soc,  1877,  ii.  264). 

(1709)  DiMKTHYLANTHRAgriNONE  :  ( H ,('^^11^0,,  formed  by  oxidation 
of  dimethylanlhracene,  crystallizes  in  pale  yellow  needles,  melting  at  155** 


*  The  crystalline  substances  extracted  from  the  various  sorts  of  aloea  differ 
Bompwhai  in  properties,  but  Tilden  Ls  inclined  to  reurard  them  all  as  .•omp<>iinds 
of  the  formula  Cj^Hj/)..  Three  varietips  are  usually  distinguished  :  liarbaloin, 
from  Barbadoes  aloes;  ZanaJijin,  from  Zanzibar  aloes,  which  is  probably  identical 
with  &»0a/oiM,ftom  Sooatriue  aloes,  as  so-called  Zanzibar  aloes  is  merely  a  highly 
eiyetalline  wiety  6[  the  drug  imported  from  Soeotra  by  way  of  Zannibar;  nd 
NataUHm  from  Natal  aloes.  Tlieir  principal  charact«rs  are  summariaed  in  the 
followincr  tai  K  (Tilden,  Tram,  B,  Fkarm,  C^iff,,  1&75,  540 ;  and  jM-ivale 
communication), 

'  SOC  A  LOi  S  or  Z  AK  A  LO  l  N 
.Aoliydrous  after  dcjioff  in 
vacuo. 

C.  59  49  H.  5  S0  (Tilden 
•verage) 

C.  SO' J  H.  5  9  (Hacklger) 


CieHn'»7  rcquIrM 
C.  59'oa  p«r  otnt. 
H-S'Sf 


Mt'Itiiig  point  of 
Hibjrdruua  •ubitonor 
CiTtUUlns  ftma 

When  mnixtenwJ 
with  a  drop  of  cold 

miob  (8.6.1*41) 


boiled  with 
nitric  acid 


Btebronate  flolatioD 


OniiHloBwIUiKOH 


liAKBAT^OIN. 

AakijilrouB  afu  r  diyiag  la 

vacuo. 

C.  59-31  H.  5-MK  (.st«D]ioiife 
average) 

C.  59  33  U.  5  bi  (Sohmldt 
avcra^^e) 

Air  dried  crvHtals  roiit-iiii 
H,0  ur      J  I.    ( Aftxatii- 
iiik'  loriiiiila  ''le'lis'*?) 
About  i;o  i>U'naoutH;) 
1^0 -M"*  (S-'hinUt) 
Mhinte  oruiiLTL-ytUew 

Intense  criiii»oii  eoloara- 
Uou,  iMiing  quidUjr 

nddt  OObtrblttrophenol, 
osalio,  aloetic,  and  liuallj 
dkrjftammic  acid 
▲loxaotbio,  besidea  CO, 
sndaUMIssssCiesdd^ 


MATALOIN. 


Air  dried  crvKtait  coDtmia 

iiS^-iaoOcVon  Som- 

mariiga) 
IDaate  onuipre-jellow 

prisms 
Very  Blitrht  ctiaoge  of 
oolow 


00k  te, 


sstartMloIi! 


8mm  ss  btriMJoIa 


Acetic  acid, 
aitd.a-orcin  ((toelileder). 
Intermediate  produetion 
of      alorcinio  acid, 
C4H,(CHj),(0H;.C00H 
(We»elsl(jri  r  from  Boco> 


C.  59  56  H.  $  -96(Tnd« 
average) 

C.  59-36  U.  6- 10  (FlicUgw 

CrjstaLi  aubjrdrons 


iSd^ieoP, 


Oreonlsh-yellow  r«t» 
anffulAT  acale* 

Blood- red  colour,  which 
doee  not  fade;  liqaid 
dries  up  in  tbSSlriSS 
red  vamith 

CO,,  much  oxalic  acid,  and 
a  very  liltic  triuiln»ph»*- 
noi.  No  cliryMmmic  acid 

CUf  a  tU  much  acetic  aod, 
with  trucet  of  an  odoar> 
oaa  body  noi  identiftcd 
(qj.  qoiBODe) 

~  a  My  whidi 


Kvtthtqnlliattvt 
mor^-orelB.  ItW, 
however,  have  beM  W#» 
■elsky'sacid. 
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(311°  F.) ;  on  oxidation  it  yields  nu'thylanthraquinonecarboxylic  acid, 
CHj.Cj^H.OX'OOH,  and  anthraquiiionedicarboxyiic  acid,  C,^H,0,(COOH), 
( Waehendoilr  and  Ziaeke,  ibid.,  x.  1481). 

By  heating  earmina  rad  fkom  ooehineal  with  adpliune  add,  Liebermann  and 
Dorp  {Amt,  Chem.  Fharm.,  olzili.  105)  hava  obtained  a  red  colouring  matter, 
rufirocein,  C^^llj/),,  which  appanntly  is  an  oigfqiiinone-derivative  related  to 
diraethylanthnicene. 

(1710)  Constitution  of  Akthraquinone  and  its  Oxy-debivatives. 
-—The  Ibrmation  of  aotfanqatnone  fimn  ^thallc  ehloride  and  bemene, 
and  of  oxyanthiaqniaonaa  fiom  phthalb  anhydrUe  and  oxy-derivative«  of 

benzene,  leaves  no  doubt  aa  to  the  correctness  of  the  fonnnla  C,H^  |       |  C^ll^ 

for  anthraquinone  (comp,  1389),  The  piochutiun  of  alizarin  and  quinizarin 
Ecom  catechol  and  quinol  respectively  sutiiceH  nut  only  to  indicate  that  the  OH 
gronpe  in  theae  oomponnda  are  both  prenent  in  Uie  same  C,  group — whidi  is 
confirmed  by  thmr  yielding  pbtiialie  acid  on  oxidation — ^but  also  affords  evidence 
of  the  reliitivc  positions  of  these  groops  {vid,  p.  376) ;  and  since  parpurin  is 
formed  on  oxidation  of  both  alizarin  and  quinizarin,  it  must  also  be  supposed 
that  the  Oil  groups  in  this  modification  of  trioxyanthraquiiione  are  all  in  the 
same  group,  a  conclusion  which  uecesHarily  extends  to  purpuroxanthin,  the 
dioiyanthraqiiinone  fonned  by  rednetion  of  parpurin,  and  whioh  ia  in  harmony 
with  the  observation  that  purporin  and  parpnroxanthin  both  fnmish  phtiiafio 
acid  on  oxidation.  Inasmuch,  however,  as  only  three  diozyanthraqoinonea  are 
possible  in  which  the  Oil  groups  are  in  the  same  group,  and  the  constitution 
of  two  of  these  is  known,  that  of  the  third  is  at  once  determined;  »o  that 
alizarin,  purpuroxanthin,  and  quinizarin  may  be  represented  by  the  following 
•ymbob: 

OH  OH  OH 

o  0    yv  y\  ^ 


OH 


0 

Pwiiiiroisiithfii.  QnlBlnrln. 

^le  fonnala  assigned  to  anthraquinone  admits  of  the  existence  of  only  two 
mom»yanthnu|amonea,  one  having  the  Oil  group  in  the  position  i,*  the  other 
the  OH  gvoap  in  the  pouti<m  3.    Inasmnch  aa  oiyanthraqainone  may  be 


*  If  it  be  agreed  to  repteeant  anthmqninone  by  the  aymbol 

I'  I 

O 


4'  4 

and  to  nomber  the  "  positions"  in  the  manner  shown,  the  oonstitation  of  anthra- 
qiunone-derivativeB  may  be  very  simply  indicated  by  figures  aa  in  the  case  of 

benzene-derivatives ;  if  the  displacing  mdides  are  anpposed  to  be  contained  only 

in  the  one  group,  this  may  bo  shown  as  in  the  case  of  alizarin,  for  example, 
by  the  symbol  o— i  :  2,  whereas  the  isomeride  containing  an  Oil  group  in  the 
position  I  in  the  one  C,  group  and  in  the  position  2  iti  the  other  would  be 
lepwaented  by  the  symbol  i-a'  or,  which  ia  the  lanie  thing,  I'^a. 
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obtained  from  anthraquinonesulphonic  acid,  and  it  is  the  iendencj  of  sulphuric 
acid  chiefly  to  fonn  inetoF4eriTaftive8,  it  appears  probaUe  that  this  compound  is 
a  nMtA-deriTative,  and  therefore  that  the  OU  gwn^  in  aytbozyaothnquinone 
is  in  the  potition  l ;  the  Ikt  that  erythoxyanthraquinone  is  more  highly  coloured 
lendrt  some  support  to  this  concloidon*  for  meta^derivativea,  aa  »  role,  do  not 
appear  to  furnish  colouring  matters. 

Few  data  exist  from  wliich  the  constitution  of  the  remaining  dioxy-derivativet 
of  anthraqumone  may  be  dedneed.  The  Ibmialioii  of  aatbraflavie  aeid  bom 
metaoKybeaKiic  add  neeeaaitatea  .the  aaaumptioii  tiuit  the  OU  gronpa  an  in 
dittVrent  C,  groups,  in  wliich  each  must  occupy  the  meta>poaition,  and  two 
formula)  are  therefore  poaaible — viz ,  2' — 2  and  3' — 2  ;  thoa : 


OH 


OH 


The  isomeride  which,  according  to  Schuuck  and  Uoemer,  is  formed  together 
with  anthraflavic  acid,  would  he  vmreaanted  by  whichever  of  theae  formuls  doea 


not  belong  to  the  latter.    The  fact  that  no  phthalio  add  la  formed  on  oxidation 

uf  i.Hoanthraflavic  acid  iudicatea  that  the  OH  groups  in  it  are  in  different  0,  groups, 
but  tliere  in  no  further  evidence  extant  which  wouli  serve  to  throw  livjht  on  its 
constitution.  Chryhuzin  also  does  not  lurni-sh  phthivlic  acid,  and  from  the  great 
readiness  with  which  this  body  yields  a  tetrauitro-derivative,  it  appears  probable 
that  both  OH  groups  occupy  ortho-poutiona,  and  therefore  that  it  nu^  he 
repreaented  by  one  of  the  two  formobe: 

OH  OH  OH 


V 

OH 

It  ia  a  remarkable  fact  that  none  of  the  dioxyanthraquinoncs  in  which  the 
OH  groups  are  in  different  C,  groups  exhibit  any  affinity  for  mordants,  and  this 
apparently  is  also  fhe  case  witli  tlie  monoxyauthraquinones  and  with  purpuro- 
xauthin,  in  which  the  OH  groups  are  relatively  in  the  metii-position ;  only 
atiaarin  and  qainizaiin,  in  which  reapeotively  the  OH  groups  are  rdatively  in  the 
po«iti<ma  l :  2  and  i :  4  act  aa  dyea. 

Purpurin  la  ahown  by  its  formation  from  alizarin  and  quinizarin  to  have  the 
three  OH  groups  in  the  one  gt^mp  and  in  the  relative  positions  1:2:4.  An- 
thragallol  from  the  manner  in  which  it  is  formed  also  contains  the  three  ()H 
groups  in  the  one  C,  group,  and  ihese  must  be  supposed  to  occupy  relatively  Uie 
positiona  1:2:3.  Pontive  data,  which  would  enable  na  to  infer  the  cooetita- 
tion  of  the  remaining  trioxanthraquinones,  are  wanting;  but  as  t^ey  are  all 
colouring  matters,  and  closely  resemble  alizarin,  it  appears  probable  that  they 
are  related  to  the  latter  aomewhat  in  the  manner  represented  by  the  following 
symbols : 

OH  OH  OH  OH 


OH 


-C- 

o 


(?)  Isopoipiuriu. 


Flsvoporpwio. 


(?J  OijchrjTMiui. 
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From  the  manner  in  which  they  arc  formed,  anthrachrysone  and  rufigallic 
■od  doubtless  contain  respectively  two  and  three  OU  groups  in  each  group,  but 
th«r  rdative  positaoot  am  doabtfol,  m  the  oonstitatiioii  of  the  adds  from  whioh 
tiiej  are  derived  b  not  jet  eatiafactorily  asoertained ;  probably,  howerer,  the  OH 
groaps  in  the  latter  are  eontiguoiu  as  in  anthragalloL 

Methylanthraqmnone  probably  has  the  CH^  ^roup  in  the  position  3  as  the 
ditolylmethane  from  which  metliylanthracene  is  obtained  is  doubtlerss  a  para- 
derivative  of  benzene ;  moreover,  the  anthraquinonec<irboxylic  acid  formed  by  its 
cuidatioii  •ppeaxa  to  be  identieal  witii  that  prepared  from  anthraqaiooue- 
mlfduMuc  add,  whioh  in  aU  pvobabOHy  ia  a  meta^erivative  of  anthiaqainoDe. 

C,H,.CO 

(17 11)  Phjsjsahthiuiquuione  :    Cj^U,0|.s:  I      I  .     This  quinone, 

CjH^.CO 

iaomerio  with  aatbniqmoone,  is  formed  by  oxidation  of  phenanthrene  (oomp. 
pu  378).  It  ifl  Rparingly  oolnbb  io  hot  water,  but  freely  dissolves  in  benzene  and 

acetic  acid,  and  crystallizes  in  dark,  reddi^h-ycllow  or  orang^e-yellow  prisms;  it 
melts  at  I98^(388^'4  F.),and  sublimes  atahigherlemperatureinorange-red plates. 

Pheoantbraquinone  is  distioguisbed  from  anthraquinone  by  a  variety  of 
reaotions.  Thus  it  eombines  with  aead  solphites,  forming  crystalline  compounds 
soeh  as  that  with  sodic  hydrio  solphite,  C,«H,0,.NaHSO,  2OH,.  It  b  con- 
verted into  the  corresponding  quinol  (p.  537)  by  the  action  of  an  aqneous 
solution  of  sulphurous  acid  at  lOO**  (212°  F.)  ;  and  phenanthraquinol  yields  the 
corre>i)onding  quinhydrone  on  careful  oxidation.  It  is  not  converted  into  a 
sulpho-acid  by  the  action  of  sulphuric  acid  at  100°  (212°  F.),  and  on  beating 
more  strongly  is  decompoeed ;  it  may,  however,  be  oonverted  into  snlpho-aoids 
by  meanM  of  sulphuric  anhydride.  No  colouring  matters  derived  from  it  are 
Imown.  By  oxidation  with  chromic  acid,  it  is  readily  converted  into  diphenic 
acid,  CJIJC0OH).C,,HXC()OlI).  When  heated  with  soda-lime,  it  yields 
diphenyl,  CgHj.C^Hj,  but  if  heated  with  burnt  lime,  it  is  converted  into  dipheny- 
lene  ketone  (p.  1686).  By  prolonged  boiling  with  a  concentrated  alcohcuo 
aolntion  of  potamic  hydrate,  it  ia  converted  into  diphenic  acid ;  if,  however,  aa 
aqueous  aoltttbn  of  sodic  hydrate  ia  employed,  dipkMjflen^gljfeoUe  aeid 

I       V  C(OU).COUH  ia  produced,  an  isomeric  change  taking  place  similar  to 

that  which  oocars  in  the  formation  of  dipbenylglycolic  add  from  benzil  (p.  7^7)- 
On  heating  phenanthraquinone  with  an  alcoholic  solution  of  ammonia,  pJienan- 
tkrimidopAnonie,  0^^.0^111, is  obtained;  it  forms  long  yellow  needles,  melting 

at  147"  (296°'6  F,);  hydrochloric  acid  reconverts  this  compound  into  the  quinone. 
On  treatment  with  bromine,  and  on  nitration,  phenanthraquinone  yields  bromo- 
and  nitro-derivatives,  although  by  no  means  readily  (Fittig  and  Ostermayer, 
Ann.  Chem.  I*harm.,  cUvi.  365  ;  Graebe,  ibid.,  clxvii.  139  ;  llayduck,  clxvii 
184;  Ostermayer,  Deui,  ekem,  Oet,  Ber.,  vii.  1089;  AnschiitBand  Scholz, 
ibii.tVt,  1400  {  X.  21,323;  Priedlaender,  ibid.,  x.  534). 

(17 1 2)  Pybbkequimonb  :  CjgH„0,,  obtained  by  oxidation  of  pyrene  (1.399), 
resembles  anthraquinone  in  it«  properties  ;  it  crystallizes  from  acetic  acid  in  red 
needles  or  prisms.  When  boiled  with  a  solution  of  potassic  hydrate  and  zinc 
dost,  it  dissolves,  forming  a  red  liquid  from  which  it  is  again  depodted  on 
axpoBure  to  the  air  j  cold  solphoric  add  dissolves  it»  forming  a  brown-odoored 
Uqoid  (Graebe). 

( I  7  13)  D10XVBETI8TENK  :  CjjHj^O,. — This  compound,  formed  by  oxidation 
of  the  hydrocarbon  retene  (1396),  is  apparently  a  quinone,  as  it  dihsulves, 
although  with  diihculty,  in  a  solution  of  hydric  sodic  sulphite,  aud  also  when 
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btated  with  potMdo  hydrate  «obtion  and  ihie  dust.    It  oystaUiiM  hom 

alcol.ol  m  dark  omn-e-c^loured  flat  prisms,  nu-Iting  at  about  1 00»  (a^A*  F.) ; 

acnnnlinir  tr,  ri-^t-  I         .1   ^      •   1  .  ,      ,      °  .         n   -rr        -  ^'-^    — '* 


accordu.g  to  Kkstrand.  it  does  nut  yield  the  l.ydrooarbon  C«H^  wh«B  dbtUW 
With  zinc  dust  {Ann.  Chem.  Fharm.,  clxxxv.  98). 
y        (1714)  ChBTSOQUMOKE :  C„II„0,,  obtaiued  in  a  similar  mami^r  Irom 
r     chrysene  ( 1 405),  cry»talli«8  from  beniene  in  wddUb-yellow  uee dies,  nielime  at 
about  220  (428°  F  );  it  dissolves  in  oonoentnted  nulpharie  acid,fennu«  % 
beautiful  l  liu  -coloured  solution,  from  which  wat^r  pnieipitates  the  onaltml 
substance  (Li.  be.Tiiann).    Like  phenanthraquinone.  it  is  converted  into  the  OOCw 
responding  quinol  by  digestion  with  a  solution  of  sulphurous  acid  at  loo" 
J2I3  P.);  It  fornw  crystalUne  compounds  with  the  acid  sulphites,  and  enter, 
into  reMtion  with  ammonia  |  when  diatiUed  with  aod»-lime  it  yields  the  hydro- 
carbon C„H„  (Graebe.  DaU,  eUm.  Qet.  JBer.,  tu.  78a). 

(1715)  CoKSTiTi  TioN  OP  THE  QuiNOHBS.— The  constitotion  of  beoao- 
quinone  and  of  the  quinones  havin-  similar  properties  \h  still  open  to  discunaioo. 
that  of  anthraquinone  and  pi,enautlna,,uinone  and  the  allied  quinones  having 
iJone  been  satMlactonly  estaUiahed.  According  to  the  hypothesis  advanced  by 
Graebe.  and  which  ib  that  which  has  obtained  moat  general  credence,  the  quinone* 
are  lormed  by  the  duiplacen.eut  of  2  atoma  of  hydrogen  by  2  atoma  of  oxygen, 
whuh  t<>^'ether  ru  t  a.  a  dyad  radicle  in  consequence  of  their  bebg  united  by  an 
alhtuty  ol  each.  (Jraebe  ,nade  the  somewhat  arbitrary  assumption  that  the 
©lygen  atom,  became  atUched  to  contiguous  carbon  atoms,  as  only  one  of  the 
dihydroxy-dwiTatim of  benaene  wa.  convertible  into  quinone;  but  it  is  now 
placed  beyond  doubt,  however,  that  quinol  and  aU  the  di-derivative.  of  benzene 
which  furnish  quinone*  are  not  ortho-  or  1 :  2  derirativea  but  pan^ or  1 : 4  deri- 
vatives.  and  therefore  quinone  is  repreeented  by  the  second  of  the  foUowioff 
.ymbob,  the  first  being  that  originally  propooed  by  Graebe : 

H  C 

/IS 

(^-O  HC  O  CH 

Ht       C-O  BU  u  CH 

T 

^  The  alternative  hypothesis  which  has  been  ent*>rtainod  of  late  is  that  th* 
quinones  are  all  di-ketones;  that  is  to  say,  that  they  contain  the  group  CO  twice. 
The  formation  of  ft  di-ketone  of  the  cumpo»itiun  of  quinone  from  benzene,  how- 
e»ir,  cannot  be  espreaied  with  the  aid  of  Kekol^'a  benaene  symbol,  m  it 
necessitates  the  partial  disunion  of  two  of  the  carbon  atoms  which  are  united  by 
two  affinities  of  each,  and  this  could  only  take  place  if  quinone  were  an  ortho- 
compound  (Hg.  i.) ;  but  it  may  be  repiesented  by  meaaa  of  the  aoHMdled  priam 
irjrmbol— thus : 


?  B  0 

CO  HC-UcH  HC-— OH 

ul      CO  HC-l-iH  Ji^L 

V  Y  V 

H  H  o 

L  Bena«a«.t  Qolnmit. 


*  The  3-naphthaquinoQe  of  Stenhouie  and  Grovee  must  be  either  an  ortho*  or 
meta-dcrivative,  however. 

t  Benzene  may  be  represented  simply  by  a  prism  instead  of  by  this  compli- 
cated aymbol,  thue  t  or  thus  '  .  Thia  aymbol  is  the  only  one  besides 
Kekul^*a  by  which  '|^«  the  "constitution**  of  the  Tarioua  do- 

rivatives  of  ben-  S^ip^s  zene  can  be  aatiafiictorily  rsproecntedv 

andinsomerespeota  #     it  baa  an  advaoti^  o?w  it.  Thiia 
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There  is  onlj  one  instance  in  which  this  hypothesis  uppears  to  be  inad- 
mimble — Tii.,  in  expianatioD  of  the  production  of  a  quinone  of  the  lorinula 
C^H^O,  from  the  oonpoond  C]^C(Cj,H„.OH),  obteined  bj  redneUon  of  the 
product  of  the  reaction  of  ehloral  bydnAe  on  thymol  (i  701).    Af  tbi«  eomponnd 

U  a  para-derivative — the  parent  compound  yielda  cjmoquinone  on  oxidation — it 

is  impossible  to  account  for  its  conversion  into  a  ketone  in  a  8»tisfactory 
manner  by  means  of  the  prism  symbol,  m  may  be  lieen  by  reference  to  the 
foUowing  figom  t 

•  n    H  CH 

c — c 

bot  the  formation  of  a  quinone  from  such  a  eomponnd  is  nadily  ezpreaied  in 
aooordanee  with  Graebe'a  bypotheaia  ^thoa  • 

iT" 


CH, 


0 


The  evidence-  at  present  at  our  disposal,  however,  U  scarcely  snfficient  to 
warrant  tlie  rejection  or  adoption  of  eitlier  view.  Graebe's  hypothesis,  although 
serving  well  to  explain  the  properties  of  benzoquinone  and  its  honiologues, 
involvea  the  annmpttoo  that  the  oxygen  atoms  are  united  in  u  maimer  altogether 
withoat  analogy,  at  least  in  the  ease  of  earbon  compounds,  and  on  this  gioond 
akme  it  is  open  to  que.Htl  n  unless  it  can  be  shown  that  the  ketone  hypotbens 
does  not  eqiuilly  well  accord  with  their  behaviour.  Moreover,  aIthoiii,'h  benao- 
quinone  and  its  hoinologues  differ  greatly  in  tlieir  properties  l"n)m  anthra  piinone, 
which  is  generally  admitted  to  be  a  di-ketone,  they  in  many  rt  spects  resemble 
phenantiinqninone,  wbidi  nndoabtedly  is  also  a  di-ketone,  and  the  difference 
between  tbc«e  qoinones  w  eertainly  no  greater  than  between  many  closely  allied 
ketones,  such  at  methylethyl  ketone  and  metbylphenyl  ketone,  Ibr  example,  only 
the  first  of  whieli  in  capable  of  eombininj^  with  acid  sulphites. 

From  these  remarks  it  will  be  evident  that  the  determination  of  the  consti- 
tution of  benzoquinoue  and  its  homulogues  is  a  problem  of  considerable  interest. 
e^eoiaUy  aa  the  aooeptanee  of  the  one  hypothesis  would  inToIve  the  r^ectiun  of 
Kdral6's  beniene  sjmboL 

it  indicates  the  existence  of  only  3  di-derivatives — viz.,  of  a  meta-derivatiTe 
(l  ;  2  or  I  :  6),  of  an  ortho-derivative  (i  :  3  or  I  :  5),  and  of  a  para-derivative 
(l  :  4);  and  it  is  possible  to  represent  the  formation  of  metabromobenzoic  and 
isophthalio  acids  by  oxidation  of  the  compounds  resulting  from  the  action  of 
«noio  eibide  on  bcnsene  dibromide,  C.ILJir,,  which  eannot  be  aeoounted  for  by 
means  of  Kekul^'a  qrmbol  (comp.  foot-note,  p.  395).  ObTioosly,  whereas 
KekuM's  symbol  represents  the  radicles  in  the  ortho-di-derivatives  as  associated 
with  contiguous  carbon  atoms,  this  symbol  rej)resents  fhem  as  associated  with 
carbon  atoms  which  are  not  united :  so  that  the  term  relative  position  of  such 
and  aoeh  radicles  haa  referenee  merely  to  a  given  symbol  and  has  no  absolute 
meaning  whatever.  The  oocstitntion  of  the  derivatives  of  benasne  and  of  allied 
bydrooarbons  may,  however,  be  expressed  in  accordance  with  the  present  theory 
entirely  without  reference  to  the  constitution  of  benzene  itself  by  mfflpg 
simple  hexagon  symbol  so  Irequently  employed  in  these  pages. 
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§  V.  SULFHINES  AND  SuLPHONES. 

These  compounds  bear  .a  Bimilar  relation  to  flulphnxouB  and 
aolphoric  add  respectivelj  tliat  the  ketones  bear  to  carbonic 
add,  thus : 

CO(OH),  SO(OH)j  SO,(OH), 

OubouieMld.  SdpliiiRMUMM.  SotplinteMld. 

CO(C.H,),  80(C,H.),  80,(C,H,),  . 

Ditlhylkctone.  DictliylnlpkiaSi  Diphenylsalphone. 

The  resemblance  extends,  however,  only  to  their  formnbe,  and 
not  to  their  properties. 

Tht  siilpliiiwi  STB  obtained  by  oxidation  ct  the  eorrenpoiiding  tiiioettiflra,  and 

have  hitherto  only  been  prepared  from  those  of  the  SfCnHjn  ^.  ^\  series.  The 
sulphones  are  formed  in  a  similar  manner,  and  l>y  tlie  action  of  sulphuric  acid 
and  of  chlorhydric  sulphate",  01S(\.()H.  on  hydrocarbons  such  as  benzene  and 
naphthalene.  The  sulphones  resibt  oxidation,  but  thejr  are  readily  reconverted 
into  thioethan  by  the  action  of  rednoteg  agenta. 

(17 16)  DxuETHTuuLraiirB :  SO(CHJ,. — Nitrio  acid  acta  with  great 
violence  on  methylic  sulphide,  S(CH,)j;  if,  however,  the  aalphide  be  gradually 
dropped  into  the  well-ooolcd  acid  it  di^snlvps.  and  on  evaporating  the  solation 
on  tlie  water  batli.  a  residue  is  finally  obtained  which  solidifies  on  coolinir  to  a 
mass  of  colourless  crystahi  of  the  nitrate  S(CHJ,(OH}.NO,.  By  decomiwsiug 
a  eolation  of  thia  oomponnd  with  bario  carbonate* «  eolation  of  the  oxide 
80(CH,\  (or  P  of  the  hydrate  (CHJ^(OH)^  ia  obtained,  from  which  the 
latter  may  be  isolated  by  evaporating  the  liquid  at  first  in  the  water  bath  and 
then  in  vacuo,  and  extracting  with  alcohol  or  ether.  Dimethylsulphine  ia  a 
colourless,  odourless,  oily  li<}uid.  which,  on  cooling  by  a  refrigerating  mixture, 
solidifies  to  a  mass  of  cryiitals ;  it  decomposes  on  distillation,  and  on  treat- 
ment with  sine  and  anlpharie  acid  it  ia  rednoed  to  methylic  sulphide. 


amgh 

SO(CH,  CH,.0,Hj^)j,  have  been  prepared  in  a  similar  manner  by  oxidizing  the 
corresponding  thioethers  with  nitric  acid  ;  they  closely  resemble  the  methyl 
compound  in  their  properties  (comp.  Saytzeff,  Atm^  Okem.  Pkarm.,  cxniz. 
3/54;  oxKt.  148;  Giabowaky,  Und„e\m,  348;  Claeaaen,  Jour,  pr,  Ckem, 
[2],  XV.  174). 

ri  7 1  7)  Phfnyli>i8itlphine:  C„H,,S^0^  =  C.H^.OS.SO.(\H^,  the  analogae 
of  the  ketone  dibenzoyl  or  benzil  (p.  787),  is  formed  in  small  quantity  on  oxi- 
datiou  of  thiophenol,  bebg  doubtless  derived  from  the  disulphide  C,H,.S.S.C,H^, 
which  ia  the  firat  prodnct  of  oxidation ;  it  is  abo  obtained  together  with 
benzenesulphonic  acid  on  heating  benzeneanlphinie  add  with  water* 
3C,H,.S0,1I  ~-  (C.HJ,S,0,  ^  C.H,.S(>  TT  ^  OTf  ^  (Otto,  JVirf.  eAm.  Oe*,  Ber\ 
\x.  1639).  It  crystallizes  from  alcohol  in  transparent  monoclinic  platea, 
melting  at  45°  (113°  F.);  on  oxidation  it  is  converted  into  benzenesulphonic 
acid,  and  on  reduction  into  thiophenol ;  when  boiled  with  potassic  hydrate  solu- 
tion it  yields  benienesnlphonio  and  benieneanlphinic  adda  and  phenylic  disolphide. 
The  homologous  compoand,  paratolykUtufyAiM,  u  fbrmed  in  a  atmHar  "**"»M*r 
from  thioparacreaol. 

(17 18)  DiJUiHYLscLPHOKE ;  (CHJ^SOg.— To  prepare  thia  compound 
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from  dimethylsulphine,  it  m  naemmry  to  heat  the  httor  with  eoncentrated  nitric 
acid  at  100°  (312^  F.).    It  forms  colourless  prisms  eai^ily  solable  in  water  and 

alcohol,  melting  at  109**  (228*'"2  F.),  and  boils  without  decomposition  at  238* 
(46o°'4  F.) ;  it  does  not  combine  with  acids  like  dimethylsulphine  (Saytzetf, 
loc.  cii.).  Ditthyhulphone,  i'^^^^^^^,  and  dibutyUulphone,  {C\Hj„SOj,  are 
in  all  respects  similar  compounds  (Oefele,  Ann.  Chem.  Pharm.,  cxxxii.  86; 
Onbowfki,  loe.  eU.)*,  the  former  mdto  at  70*"  (isS**  F.)  atid  boib  at  348* 
(478^*4  F.) ;  the  hitter  melta  at  43''-5  (i  to''  ^  F.) 

(1719)  D1PHENTL8ULPHONK  or  sulpfiohenzid :  (CJIJ^SO^,  ig  obtained 
oxidation  of  phen}  lie  sulphide  (<^\Hj)jS,  and  by  tl»e  action  of  sulphuric  anhydride, 
sulphuric  chlorhydrate  and  pyrosulpliuric  acid  on  Wnzene.  It  crystallizes  from 
alcohol  in  rhombie  pktea,  melting  at  126"  (258°'8  F.)  It  dissolvea  in  hot 
eoncentrated  anlpharic  acid,  heing  converted  into  bcMeneaalphonie  -acid,  hat  it 
not  in  the  leui^t  act^  upon  by  an  alcoholic  aolution  of  potassic  hjdrate  even  at 
180"  (356°  F.).  If  dissolved  in  carbonic  bisulphide,  it  is  not  attacked  by 
chlorine  either  in  shade  or  sunshine,  even  in  presence  of  iodine,  but  if  heated  to 
its  melting  point,  it  is  resolved  into  chlorobenzene  and  benzenesulphonic  chloride, 
80,(C,HJ,  +  Cl,  =  C,H,Cl  +  C,H,.S0,Cl  (Otto  and  Gruber,  Ann.  am. 
Piom.,  cxlix.  174).  It  ia  eud  to  yield  a  liquid  dichlorinated  derivative  when 
acted  on  by  iodine  chloride  at  loo**  (212"  F.) ;  an  isomeric  crystalline  dichloro- 
pkeny Uul phone,  (C^l{^C\\f>0 J,  melting  at  141°  (285''  S  F.),  is  obtained  by  the 
action  of  sulphuric  anhydride  on  chlorobenzene;  the  hitter  may  be  also  prepared 
by  the  action  of  Huiphuric  chlorhydrate,  and  by  means  ot  this  reagent  corre- 
aponding  bodies  are  formed  from  bromo-  and  iodobenzene  (Armatrong). 

By  heating  phenol  with  half  ite  weight  of  fuming  aulphnric  acid  at  iSo°— • 
190**  (356" — 374°  F.),  it  is  converted  into  paradioxt/phem^hul phone  or 
cacgftulpkobenzid,  iiO,(CjH^.OH)j,  a  number  of  derivatives  of  which  have  been 
described  by  Oliitz  and  Aiinahpim  (Jour.  pr.  Chem.  [2],  i.  14;  ii.  385  ;  Ann. 
Chem.  P/i(irm..v\xxi\.  28  ;  Ueut.  chem.  Ges.  Ber.,  vii.  436).  Tliis  compound 
forma  ^liHtening  prismatio  needles,  melting  at  239**  (463°'2  F.)  ;  it  dissolvea 
in  alkaline  earbonatea,  but  the  reanltipg  meUllio  derivativea  are  finrmed  hy  the 
diaplacement  uf  only  a  > ingle  atom  of  hydrogen;  when  heated  with  anlphnrie  acid, 
it  yields  phenolparai>ulphonic  acid. 

By  the  action  of  sulphuric  anhydride,  toluene  is  converted  into  ditolyl' 
«t(pAo;ie,SO,(C,H^.CH J, a  crystalline  body  which  melto  at  about  i56°(3i2°-8  F.) 
(Otbo  and  Gruber).  Thia  ia  the  only  homdogne  of  diphenylsulphone  at  preeent 
known. 

By  heating  a  mixture  of  naphthalene  and  benzenesulphonic  chloride  with 
zinc,  Chrusti«cholI"  has  oldained  a  crystalline  phenyl  naphihi^lxul phone, 
C,H,.SO,.C^^  melting  at  121°  (249°-8  F.)  {Deut,  ehem.  Get.  Ber.,  vii. 
1167), 

According  to  Stenhooee  and  Grofie  (f^.»  ix.  682),  two  ioomerie  uaphtkyl- 
eulpktmM,  SO,(C,,H,),,  are  formed  aimnltaneonaly  on  heating  naphthalene  with 
sulphuric  acid|  they  melt  reapeokiTely  at  ^23^  ('53%  P*)  ^  i77* 
(35o''-6  F.). 
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CHAPTER  X. 

THB  ACIOt  AND  THIIR  MORI  IMMBDIATl  DBUVATTTSI. 

§  1.  Acidi  qf  the  C^H^a+i-COOH  or  acetic  series; — §  II.  AmidO' 
and  oxy'Ocids  derived  from  the  acid$  qf  the  acetic  series. 
Carbonic  acid.  Acids  qf  the  lactic  Hries  ; — §  TTT.  Acids  of 
the  CJJ^{COOH)^  or  succinic  series; — §  IV.  Amido-  and 
ogy'Ocide  derived  from  the  acids  of  the  succinic  series, 
MaUe  and  tartaric  acids ; — §  V.  Polybaeic  acids  of  other  eeriet 
derived  from  the  paraffine.  Citric  acid; — §  VI.  Acide  qf  the 
C^Hf^^vCOOH  or  acryUc  eeriet,^  YIL  Adde  0/  the 
CJlt^^^COOH)^  orfimarie  teriee,^  YIU.  Adda  ^  the 
CJI^^^,COOH  series,-^  IX.  Acids  qf  the  CJI^^.COOH 
or  benzoic  eeriee; — }  X.  AmidO'  and  oxy-adds  derived 
from  the  adds  of  the  benzoic  eeriee; — §  XI.  Add$  of  the 
CJI^_^{COOH)^  or  phthaUe  jcnet;— §  XII.  Polybasic  acidi 
qf  other  series  derived  from  kifdroearbone  of  the  benzene 
series ; — §  XIII.  Adds  of  the  Cj^H^j^_g.COOH  or  dnnamic 
series; — §  XIV.  Acids  of  other  seHes ; — §  XY.  Unclassified 
acids ; — §  XVI.  iSulphinic  and  sulphonic  acids. 

Until  recently  it  lias  been  the  practice  to  apply  the  term  add 
almoet  indiscriminately  to  all  oomponnda  inrniahing  metallic 
derivatives  when  acted  upon  by  metallic  hydroxides  or  hydrates,  or 
by  metallic  carbonates,  so  that  bodies  of  tiie  most  various  classes, 
often  having  no  other  properties  in  common,  and  bearing  the 
most  distant  relation  to  each  other,  have  thus  been  classed  to* 
gether.  On  carefully  comparing  the  compounds  which  exhibit 
"  acid  properties/'  that  is  to  say,  which  contain  one  or  more 
atoms  of  hydrogen  displaceable  by  metals,  it  becomes  evident 
that  iu  all  cases  the  hydrogen  is  ^LSsociated  with  a  radicle  con- 
taining a  more  or  less  negative  element,  such  as  one  of  the 
halogens,  oxygen,  sulphur,  or  nitrogen ;  so  that,  in  fact,  all  com- 
pounds of  hydrogen  with  negative  radicles  manifest  acid  pro- 
perties. Thus,  even  the  alcohols  of  the  0^1120+1  OH  series,  in 
which  one  of  the  atoms  of  hydrogen  is  associated  with  a  feebly 
negative  radicle  of  the  form  C,jH^,,j^iO  (negative  only  by  reason 
of  the  presence  of  oxygen,  the  C^II,,,^!  radicles  being  strongly 
positive),  yield  metallic  derivatives  when  submitted  to  the  action 
of  the  hydroxides  of  the  alkali  metals:  the  alcohols  of  the 
CQHjn-jr-OH  series,  ikr  more  readily  furnish  metallic  derivatives, 
which,  moreover,  are  much  more  stable  than  those  derived  fiom 
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the  alooholf  of  the  C.H|b^i.OH  seriet,  the  ndide  aaiociated  with 
hydrogen  in  theie  oompounils  being  more  negatire  than  the 
CbHsb4.|0  radicle,  as  the  radicles  of  the  CqHsq.;  series  are  in  a 
marked  degree  negative  in  comparison  with  those  of  the  CQH2a4i 
series.  Also,  by  introducing  negative  radicles  such  as  NO,  in 
place  of  hydrogen,  eompounds  destitute  of  acid  properties,  or 
feebly  acid  bodies^  often  have  acid  properties  conferred  upon  them, 
or  become  more  strongly  acid ;  instances  in  jx)int  are  the  nitro- 
paraflBns  (1202)  and  the  nitro-derivatives  of  phenol  (1467). 

On  this  account,  clicmists  have  been  led  in  the  cnse  of  carbon 
eompounds  to  narrow  the  definition  of  the  term  acid,  and  to 
apply  it  only  to  l)0(li('s  in  which  one  or  more  atoms  of  hydrogen 
are  rendered  displaecable  by  metals  by  virtue  of  the  presence  in 
the  compound  of  negative  radicles  of  a  particular  kind.  What 
may  be  termed  organic  acids  proper  are  now  almost  universally 
regarded  as  compounds  contaiiiing  the  group  COOH,  the  hydro- 
gen in  this  group  being  that  which  is  displaced  by  metals  in  the 
formation  of  true  salts.  These  oarboxylic  or  earbo- acids,  as  they 
are  most  usually  termed,  may  also  be  regarded  as  derivatives  of 
carbonic  acid,  CO(OH).2 :  yis.j  as  formed  from  it  by  the  displace* 
ment  of  one  of  the  OH  groups  in  a  single  molecule  by  a  monad 
radicle — ^in  which  case  a  monobasic  acid  results,  or  by  the  dis- 
placement of  fi-OH  groups  in  n  molecules  by  an  n-yalent  radicle,  - 
whereby  a  polybasic  (n-basic)  acid  is  fiMrmed.  The  term  add  is 
further  applied  to  compounds  bearing  a  similar  relation  to  the 
polybasic  acids  formed  from  negative  elements  other  than  carbon, 
such  as  sulphuric  acid,  phosphoric  acid,  &c 

(1720)  Mtthod$  offormaium, — large  number  of  carboxylic 
acids  are  products  of  special  reactions,  or  are  derived  from 
special  sources,  but  the  following  are  general  reactions  by  which 
many  of  tliem  are  formed: — i.  By  oxidation  of  hydrocarbons. 
The  paraffins  and,  in  fact,  all  liydroearbons  in  which  the  carbon 
atoms  may  be  regarded  as  asso(  iated  together  in  such  manner 
that  they  form  an  open  chain,  do  not  appear  to  furnish  acids  on 
oxidation  bearing  any  8im])le  relation  to  themselves ;  the  hvdro- 
carb<jns  of  the  benzene  scries,  however;  and  those  similar  to  them 
in  constitution,  behave  in  a  very  definite  manner,  the  side  chain 
or  chains,  whatever  their  nature,  being  ultimately  oiiidized  to 
carboxyl  (comp.  1295). 

2.  By  oxidation  of  aldehydes.    It  has  already  been  pointed 
out  that  the  aldehydes  are  yery  readily  converted  by  oxidation 
into  corresponding  acids.  The  reaction  may  be  represented  as  one 
of  doable  decomposition ;  thus : 
8  80 
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E'.COH  +  (O  +  OHj^  =  K'.COOH  +  OH,. 

Aldchjdo.  Acid. 

The  primary  carbinols,  which  yield  aldehydes  ou  oxidation,  may 
of  course  be  converted  iuto  correBpondiog  acids  by  continued 
oxidation.  The  behaviour  of  secondary  and  tertiary  carbinols 
and  of  plieuols,  which  do  not  yiekl  corresponding  acids  on  oxida- 
tion^  has  already  been  discussed. 

3.  By  displacing  one  or  more  atoms  of  hydrogen  in  hydrocar- 
bons by  carbozyl.  To  effect  this  the  haloid  deriyative  of  the 
hydrocarbon  is  first  prepared,  and  is  converted  into  the  correspond- 
ing cyano-derivative  by  double  decomposition  with  a  metallic 
cyanide,  and  the  cyano-derivative  is  then  heated  with  water  and 
hydrochloric  or  sulphuric  acid  or  an  alkali.    For  example : 

CTI.  +  Clg  =  CII3CI  +  HCI;  CH.Cl  +  KCN  =  Cn..CN-|-KCl; 

Hetbaoe.  Cbloromeihone  Chlororiietiiane.  Cyanomethane. 

CI1,.CN  +  20Hg  +  HCl  =  CHj.COOH  +  NH^Cl 

CfnMmMtbuM.  Aoctio  Mid« 

It  is  the  practice  in  most  cases  to  dccoTiipo.st!  the  cyanides  with 
the  aid  of  an  alkali,  but  it  Avould  apjx-ar  that  in  many  ca^'s 
slightly  diluted  sulphuric  acid  may  be  advantageously  employed; 
thus  by  heating  cyanethane,  CjHg.CN,  at  100°  {212°  F.)  with 
a  mixture  of  3  vols,  sulphuric  acid  and  2  vols,  water,  almost 
pure  propionic  acid,  Cali,.COOiI,  is  produced  (Beckurt  and 
Otto,  Deut,  chein.  Ges.  Btr.,  x.  262). 

By  employing  the  haloid  hydrocarbon  derivatives  obtained  by 
the  action  of  haloid  acids  or  of  haloid  pho&phorus  compounds  on 
the  alcohols,  adds  may  be  obtained  formed  from  the  alcohols  by 
the  displacement  of  the  OH  group  by  the  group  COOB.  The  haloid 
derivatives  available  for  the  purpose  are  only  those  in  which  the 
halogen  is  associated  with  a  carbon  atom,  or  with  carbon  atooa, 
forming  part  of  an  open  chain,  and  even  these  do  not  always 
furnish  adds,  but  sometimes  resist  the  action  of  cyanides,  and  at 
others  are  acted  upon  in  a  different  manner.  To  prepare  addf 
firom  hydrocarbons  such  as  bensene,  the  hydrocarbon  is  converted 
into  a  Bulphonic  acid  by  treatment  with  sulphuric  acid,  and  a  sslt 
of  this  acid  is  distilled  with  a  cyanide,  the  resulting  cyanide 
being  then  decomposed  in  the  manner  stated;  thus: 

C.H,  +  SO^H,  =  C,IT,.S(\H  +  OH, ;  C,H,^,K  +  KCN  =  C.H^.CN  + 

tt—M f.  Benzenetulplionic  acid.  Craiiolxuixene. 

CH,.CN  +  2OH,  +  Ua  =  CJI.COOH  +  iiH^CL 
CTf  Miowm  tuM  llwtioif  add* 

(1721)  General  properties. — The  carboxylic  acids  readily 
enter  into  reaction  with  metallic  ojkides^  hydroxides  and  carbo- 
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nates  forming  metaUic  talis,  the  hydrogen  of  the  group  COOH 
bang  displaced  hy  an  equivalent  amount  of  metal.  In  polybaaic 
acids,  the  several  atoms  of  hydrogen  of  the  several  COOH  gronps 
may  be  displaced  one  by  one,  and  from  each  acid  one  or  more 
acid  9aU$  may  be  obtained,  as  wdl  as  a  normal  saU,  an  acid 
which  is  fs-basic  yielding  »-i  acid  salts.  Some  monobasic  acids 
also  iiimish  hyperacid  aali$  of  the  form  R'.COOM'.B'.COOH. 

The  acids  also  enter  into  reaction  ivith  the  alcohols  in  pre- 
cisely the  same  manner  as  with  metallic  hydroiideq,  forming  aeidf 
normal  and  bane  ethereal  salts ;  the  basic  ethereal  salts  are  the 
analogues  of  the  basic  metallic  salts  derived  from  polyhydric 
metaUic  hydroxides,  being  formed  by  the  partial  displacement  of 
the  OH  groups  in  polyhydric  alcohols  by  radicles  resulting  from 
the  acids  by  the  withdrawal  of  the  hydrogen  atoms  of  the  COOH 
groups. 

The  acids  are  not  affected  bv  the  haloid  acids,  but  when 
submitti.'d  to  the  action  of  the  hahjid  phospliorus  compounds, 
they  yield  acid  halides — acid  chlorides,  bromidt's  and  iodides,  the 
^roup  on  in  the  COOH  group  being  displaced  by  chlorine, 
bromine  or  iodine.  These  compounds  are  very  readily  reconverted 
into  the  acids  l)y  decomposition  with  water. 

By  the  action  uf  heat  on  their  amnionic  salts,  or  by  treating 
their  ethereal  salts  and  acid  halides  with  ammonia,  the  acids  are 
converted  into  amic  acids  and  acid  amides,  the  amie  acids  being  , 
formed  by  the  displacement  of  part,  and  the  acid  amides  by  the 
displacement  of  the  whole,  of  the  OU  gronps  in  the  COOH 
groups  present  in  the  add.  These  compounds  are  also  readily 
decomposed  by  water. 

By  the  action  of  the  acid  chlorides  of  monobasid  acids  on 
metallic  salts  of  the  same  acids,  acid  anhydrides  are  formed, 
which  are  related  to  the  acids  in  the  same  way  that  tl^e  ethers 
are  to  the  alcohols ;  thus  : 

ir.COOH        (R.C00)20        R'.OH  (il'-0)p. 

MoQObMic  aeid.  Acid  uibjdrkle.     Mood^driculoobol.  Etb«r. 

Many  polybasic  acids  fiirnish  corresponding  compounds.  The 
acid  anhydrides  are  as  a  rule  readily  decomposed  by  water. 

The  COOH  group  in  acids  may  often  be  displaced  by 
hydrogen,  by  distilling  their  baric  or  calcic  salts  with  baric  or 
calcic  hydrate;  for  example,  bensene  is  obtained  on  distilling 
calcic  benaoate  with  calcic  hydrate : 

(C.H,.C0,),Ca  +  Ca(OH),  =  2C,n,  +  gCaCO,. 

362 
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The  formation  of  ketones  by  heating  metallic  salts  of  adds  lias 
been  previously  described. 


§  I.  Acids  of  thb  CnH^+i-COOH  or  Acetic  Series. 
(1722)  The  following  adds  of  tbia  series  are  knownj 

.    .    .  H.COOH 


CH,.COOH 


Formic  .icid  .... 
Acetic  acid  .... 
Propionb  ov  neUweetu) 

add   C,H..COOH 

r  Butyric  or  etha4»tic  aeid  C^H^CH^COOH 
y  IsnhiitvTiAordimethAcetio 


MP. 

«5 
167 


B.P.  °C. 
100 

118 


.  Isobutyrioordimethaoetio 

(  acid  

Pent}  lie  (valeric)  or  prop- 
acetic  acid  .... 
iHopentylic  or  isopropaoe- 
tieadd  •  •  •  • 
HethethaoeUeaeid  .  . 
TrimethaoeCio  add  .  . 

Hexylic  (caproic)  or 

trylacetic  acid 
Isohoxylic  (ir  isnprimary- 
tetrylacetic  acid    .  . 
Dietbacetic  add  .    •  . 
Dimethetbaoetio  add 
Korrnal  hepty  lio  OF  oMian- 
thyli(!  acid  .... 
I  Normal  ociylic  or  capiy- 


(CH,),.CH.C00iI 

C^,*.CH,.COOH 

(CH,),CH.CH^Q0OH 

C^H^.CH(CH3)C00H 

C,H,«  OOOH 

€.H/.C(X)H 

C«(C,H,),.COOH 

C,H,.C(CHy,COOH 


C.H„»OOOH 


liq.ai  -si  1407 
o**  162*4 

—  154 

liq.at  -16  185 


354 


—2 


m 

173 
1638 

305 


C,H„0,  ^     lie  acid  C,1I,^.C0()H 

(  boaecondaiy  octylic  add .  CH(CH,).CH,.C(CH J, 

COOH 

(Normal  nonylic  or  peiar- 
v  goiiic  acid  . 


C,H^.COOH 


liq.bt  -18  aoo 
—  196 

-14  187 

-lO'S  224 

i6*5  236 
— abt3i5 


13-5  254 


«  19 


*  ^  *  \  laoprimaiy  nonylie  or 

[     methhexaoetic  acid  . 
C,(,H..y()j  iD»^cvlic  or  capric  acid  . 
C..H;;.().    Dodecylic  or  lauric  acid  C^H^-COUH 
Tetradec^lio  or  luyristio 

add  CJBL^OOOK 

0„H^0,   Hexdecylio  or  palmitto 

acid  

H«ptadecylio  ornuurgario 


C„H„.O0OH 


acid  C\,H„.C(X)H 


Cj  jr,„Oj  Octadecylic  or  stearic  acid 
Arachidic  aeid  .  .  . 
Bdienieadd  .  •  .  . 
Hysnie  add  .... 
Cerotic  acid  .  .  •  . 
G^H^O,   Mdiwic  add  .   .    •  • 


C\,H„.COOH 
C,,H^.COOH 
C„H„.COOH 


•    •  C,.H,,.COOH 

The  acids  of  tliis  series  are  commonly  tenned  fatty  acids  on 


30 

269 

54 

63 

599 

692 

75 

76 

77 

79 

• 

91 
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aocount  of  tlie  oily  or  fatty  character  of  the  higher  terms. 
Several  of  them  occur  in  the  free  state  in  nature^  as  formic 
add  in  ants,  in  certaii^caterpillarsj  and  in  the  nettle ;  valeric  acid 
in  valerian  root ;  and  cerotic  acid  in  heeswax.  Others  are  present 
in  the  form  of  ethereal  salts  in  various  animal  and  vegetable  pro- 
ducts :  the  essential  oils  obtained  from  certain  species  of  UmbeU 
Uferm  contain  substances  such  as  octylic  acetate  and  hexylic  buty- 
rate,  for  example ;  spermaceti,  a  crystalline  substance  found  in 
cavities  in  the  head  of  the  sperm-whale  is  a  cetylic  palmitate  ;  and 
mutton  and  beef  fat  chiefly  consist  of  glyceric  stearatc,  and  palm 
oil  of  glyceric  palmitate. 

Those  containing  more  than  lo  atoms  of  carbon  have  all 
been  separated  from  natural  products,  aud  as  yet  they  have  not 
been  obtained  in  isomeric  moditieations.  The  lower  terms  have 
been  prepared  by  the  general  methods  already  described  and  by 
various  special  methods,  aud  of  many  of  them  a  number  of 
i^iomerides  are  already  known. 

The  lowest  terms  are  mobile  colourless  liquids  readily  soluble 
in  water,  but  as  the  series  is  ascended  the  mobility  and  solubility 
in  water  diminishes,  and  the  highest  terms  are  crystalline  solids, 
almost  insoluble  in  water.  The  liquid  members  mostly  possess 
more  or  less  characteristic  odours. 

They  furnish  crystalline  salts,  which  are  less  and  less  soluble 
in  water  as  the  series  is  ascended.  They  are  bodies  of  conside- 
rable stability,  all  but  the  highest  terms  distilling  nnchaoged. 
All  except  formic  add  oppose  considerable  resistance  to  the 
action  of  oxidizing  agents ;  bat  when  sufficiently  powerful  means 
are  employed,  they  furnish  lower  terms  of  the  series,  and  acids 
of  the  sucdnic  series  (comp.  Heres,  Am.  Chem,  Pharm,,  clxxxvi. 
257) ;  they  yield  haloid  substitution  derivatives  without  difficulty, 
but  resist  the  action  of  concentrated  nitric  and  sulphuric  acids. 

(1723)  Formic  or  Methylic  Acid:  CH202=H.C00H. — 
This  acid  or  its  salts  cjcciir  m  ants  {Formica — hence  its  name),  in 
the  hairs  and  other  parts  of  the  c'dtcr[)i\\a.r     Bomdyx  processionea 
and  other  caterpillars,  in  nettles,  and  in  the  perspiration  aud 
other  secretions  of  the  human  body.     According  tcf  Chapman 
(Jour.  Chem.  Soc,  xx.  133),  a  miimte  amount  of  formic  acid  is 
<)btaiiaed  when  pure  carbon  is  oxidized  with  permanganic  acid ;  it 
is  also  formed  in  small  quantity  on  passing  the  silent  electric  (lis- 
eh^ge  through  a  mixture  of  carbonic  anhydride  and  hydrogcu 
4[Brodie,  Proc.  Hoy.  Soc,  xxi.  245)  :  COj-h  Hg=CHp., ;  and  it  is  a 
IHfoduct  of  the  oaidation  of  methylic  alcohol,  and  of  a  very  large 
nunber  of  carbon  oompoanda,  especially  highly-oxygenated  bodies 
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sach  as  sugar,  starcli,  &c.,.8ltlL<nigh  ike  amoant  obtained  in  this 
way  is  but  small  on  account      the  readiness  with  which  it 

undergoes  further  oxidation. 

Formic  acid  or  formates  are  obtained  in  many  other  ways ; 
for  example:  by  reduction  of  carbonic  acid,  as  when  potassium 
is  exposed  iu  an  atmosphere  of  moist  carbonic  anhydride  (Kolbe 
and  Schmitt)  :  CO(OH)_,+ H.  =  ll.COOH +  0112 ;  or  when  sodium 
amalgam  acts  upon  a  strong  aqueous  solution  of  ammonic  car- 
bonate (Maly)  ;  by  heating  moist  ])otassic  hydrate  with  carbonic 
monoxide  at  loo^  (212°  F.)  for  some  hours  (Bcrthelot)  :  C0  +  IIOK 
=  11. COOK  ;  by  heating  hydrocyanic  acid  with  water  and  an  acid 
or  an  alkali ;  by  the  action  of  potassic  hydrate  on  trichlorome- 
thane  (chloroform):  HCCl3  +  4HOK  =  3KCl  +  20H2+ H.COOK  ; 
and  by  heating  tlie  acids  of  the  lactic  series  of  the  fonu 
(\J1,„'^,.CII(0H).C00II,  with  dilute  sulphuric  acid;  for  example: 
CH,CiI{01i).COOII+OII,=CH3.CII(OH)3+H.COOU. 

It  is  best  prepared  by  liorin's  method^  by  heating  oxalic  add 
with  glycerol  (glycerin). 

When  oxalie  uid  is  hested  doM,  it  is  fsmlvsd  into  csrbonio  anhydride  and 
formio  aoid :  COOH.C(X)H  »  00,  -I-  H.COOH,  but  tbla  deoompositaon  only  taksi 
placp  at  an  elevated  temperature,  and  much  of  tho  Ibmic  acid  is  in  confequeoce 

r^polvfd  into  caibonic  oxide  and  water;  in  prei»pnce  of  glycerol,  lutwevf-r,  the 
tit  coiiijio.-'ilion  rommt-nces  bt  lnw  50°  ( i  22"  F.),  and  is  coniplet+'d  below  1 10 
(230"  F.),  little  or  no  carbonic  oxide  being  produced.  Apparently  the  glycerol 
promotes  the  deoomposition  of  the  oxalio  aoid  in  virtue  of  the  tendeney  wbwk 
it  hai<  to  react  with  formic  acid,  producing  a  basic  ethereal  salt  (glycerol 
monoformin) :  C',H,(OH),  +  H.COOH  =  H.C(X)(C,H,OH,  +  (OH), ;  this  ialt  U 
dceumpo8e<l  by  heating  with  water,  yielding  glyoerol  and  ibrmie  add: 
H.(JOO.C,H,(()li    +  oil,  =  H  COOH  +  C,H^(UI1),. 

Loriu  reconiinendrt  the  following  mode  of  proceeding: — 1*1 2  kiIogniin«  of 
glycerol  and  3  kiloa.  of  powdered  ordinaty  osalic  aoid  (H,C,0^  +  2011,)  art 
placed  in  a  large  retort,  and  the  mixture  heated  over  a  naked  flame ;  as  mmn  ai 
formic  acid  begine  to  diatil  over,  fresh  oialic  acid  is  added  in  such  quantity  at 
to  maintain  us  nearly  a,H  ])ossible  the  orig^inal  level  of  liquid  in  the  retort.  The 
acid  in  added  only  twice  a  day,  and  the  retort  is  cooled  a  little  before  each  addi* 
tiou  of  oxalic  acid ;  the  same  quantity  of  glycerol  suffices  to  decompose  a 
reiativelj  very  large  amount  of  oxalio  add«  The  dtatillate  ia  almoet  of  oontteit 
stn>ngth,  and  contains  about  56  per  Oent.  of  formic  acid  ;  by  distilling  it 
ajj.iiii.  a  liquid  coutaiuing  about  77  5  per  cent,  of  acid,  which  boils  constantly 
at  107^  (2T4'^'6  F.),  may  be  separated,  and  by  dissolving  anhydrous  oxalic  acid 
iu  this  with  the  aid  of  a  gentle  heat,  allowing  to  cool,  and  then  distilling  the 
portion  which  remains  liquid,  a  product  is  obtained  whieh  when  well  ooded 
aolidifiea  to  a  maaa  of  oyataht  of  Mihydroua  fonnie  acid.  By  diatilling  dehydrated 
oxalic  acid  with  glycerol,  a  7  5  per  cent,  solution  of  fonnie  acid  may  be  obtained 
directly,  but  on  soooont  of  the  fispthing  the  temperature  must  be  very  carefully 
watched. 

Anhydroua  formic  acid  may  al.so  be  prepared  by  decom)>osing  carefully  dried 
enprie  or  plnnfalo  fiimittte— preferably  the  fimner — by  suiphnretteU  hydrogen  si 
s  temperature  not  enesdii^  100*  (213*  F.). 
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The  deoompo<<ition  of  oxalic  acid  may  be  effected  in  a  Himilar  manner  by 
means  of  othpr  polyhydric  alcohols,  suoli  as  ethylenic  fijlycol,  erythrol,  tnfinnitol, 
dulcitol,  and  (|iiorcitol  ;  the  temp^Tatnre  of  commencin<;  decomposition  is  lower 
when  the  glycolit  are  employed  than  with  glycerol,  but  with  erythrol  and  the 
other  doohok  the  evolation  of  gaa  oommenoee  only  at  ahoat  75°  (167^  F.}| 
and  dnkntol  veqnirai  a  hi(fher  tempentnre  than  mannitol  (Loiin). 

Formic  acid  is  a  colourless,  inflammal)lc,  highly  corrosive, 
pungent-smelling  liquid,  of  the  sp.  gr.  i'22  at  20"  (68°  F.) ;  it 
boils  at  about  100°  (213°  F.).  When  cooled  to  a  temperature 
below  0°  (32°  F.),  it  crystallizes  in  large  brilliaDt  plates^  melting 
at  8°*5  (47"'3  F.).  It  mixes  in  all  proportions  with  water, 
alcohol,  and  ether.  On  account  of  the  readiness  with  which  it 
undergoes  oxidation  to  carbonic  acid,  formic  acid  is  a  powerful 
reducing  agent:  thus,  when  it  is  heated  with  a  solution  of 
meicnric  chloride,  meicnzous  chloride  is  precipitated;  a  cold 
aqueous  solution  dissolves  mercuric  oxide^  but  when  the  liquid  is 
gently  heated,  white  micaceous  crystals  of  mercurous  formate  at 
once  separate,  and  carbonic  anhydride  is  evolved ;  whilst,  if  the. 
solution  be  boiled,  nothing  but  metallic  mercury  is  precipitated ; 
similarly,  argentic  oxide  is  instantly  reduced  by  the  heated  acid,: 
but  is  dissolved  'by  the  cold  acid.  Formic  acid  is  resolved  into 
carbonic  oxide  and  water  by  heating  gently  with  concentrated 
sulphuric  acid  j  chlorine  converts  it  into  hydrochloric  acid  and 
carbonic  anhydride. 

It  forms  witli  water  an  unstable  'hydrate/  orthoformic 
acid*  HC(OH)^,  which  boils  constaiilly  at  107°  (2  24°-6  F.)  under 
a  pressure  of  760  mm.  of  mercury  (Roscoe,  Jour.  Che/n.  Soc,  xv. 
271);  when  distilled  under  a  lower  pressure  this  hydrate  loses 
acid,  and  when  distilled  under  a  higlier  pressure  it  loses  water, 
the  boiling  j)oint  falling  or  rising  accordingly,  but  all  mixtures  of 
formic  acid  and  water  ultimately  attain  approximately  the  com- 
position HC(OU)|  when  distilled  under  the  ordinary  atmospheric 
pressure. 

i^onnofat.— Theae  are  mostly  easily  soluble  in  water.  The  rooet  charac- 
teristic are  cupric  fbrmcUe,  (HCOj)jCu  +  4OII3,  whi»h  forms  large  brijj^ht  blue 
monoclinic  prisma;  and  plumhic  formaie,  (HCO.)jPb,  which  cryrttiiUizes  in 
colourlesii  shining  rhoiubto  prisms.    Argentic  Ibrmate  is  white,  but  quickly 


•  Properly  speaking  thin  compound  is  not  an  acid,  but  a  trihjdric  alcohol 
(aridhi/drol),  homoloijous  with  glyi^erol  (glycerin),  bearing  the  same  relation 
to  the  parent  auid  that  the  aldehydrols  bear  to  the  aldehydes  (coinp.  1491). 
80-eaUad  ^kgtte  orHuformaU,  HC  (OC,HJ,,  Uw  miied  ether  derived  from  it 
and  elhylio  aloohol,  and  which  is  obtained  by  the  action  of  sodic  ethylate  on 
triohloronialhane,  is  a  p«rf  ctly  Rtable  compound;  it  is  a  colourless  liquid,  of 
pliaeant aromatic  odour,  almoat  inaolnble  in  water,  boiling  at  146''  (294°'8  f  .)* . 


824 


▲CID8  OF  TUB  AOmC  tWM, 


[1724. 


turns  blade  rven  in  the  dark,  and  is  immediately  deooupoted  when  heated. 
Baiiic  plumbic  t"orniate«  such  as  HCO^.Pb.O.l'b.CO.jH  are  produced  on  boiling 
solutions  of  the  uorti.al  salt  with  piumbic  oxide.  By  dissolving  potas-sic  and 
■odic  formates  iu  aqueous  lormic  acid  and  evaporaliug  in  vacuo,  crjatalti  oS  acid 
Mite  are  obtained  whioh  may  be  regarded  aa  derived  from  **  orthofiNrmieaoM,*'  liraa : 
HCO,Na  +  HCX>^  +  00^^  HC(ONa)(OH).O.CM<OH),  $  and  miied  mlU  ooo- 
taaDing  copper  or  ane  and  barium,  which  may  aUo  be  regarded  as  derivatiTei 
of  this  acid,  are  formed  on  evaporation  of  mixtnl  solutions  of  the  simple  gaits. 
Solutions  of  loimatch  are  coloured  blood-red  by  t  he  addition  of  ferric  chloride. 
Ou  evaporating  iu  vacuo  a  solution  of  ferrous  formate  uxidued  hy  nitric  acid,  the 
baaio  ferric  formonitimto  Fe^HCOJ,(NO  ),(0H),  U  deposited  in  red  irideeont 
crystala ;  a  solution  of  femua  chloride  in  rarmie  add  einilarly  treated  yieldt  the 
compound  Fe,Cl,(HCOj^ ;  and  by  oxidizing  a  mixture  of  equivalent  quan^ 
titiex  of  ferrous  fonuate  and  no  tate  with  oitrio  add,  the  fonnaoetonitrate 
Fe,(HCOJ,((JU^COJ,(OH),  is  produced. 

(1724)  Acetic  or  Ethtlic  Acid  :  CjHPjsCHj.COOH.— 
Acetic  acid  or  its  salts  occur  in  smaU  quantity  in  the  juices  of  many 
plants  and  in  several  animal  secretions.  It  may  be  formed  by 
the  methods  already  described  from  methane^  ethaldehydd^  and 
ethylic  alcohol.  On  exposing  sodic  methide  to  the  action  of 
carbonic  anhydride,  these  two  compounds  combine,  forming  sodic 
acetate  (Wanklyn)  :  CHjNa+CO.rrCHj.COgNa  j  according  to 
Berthelot,  if  a  mixture  of  equal  volumes  of  acetylene  and  oxygen 
is  exposed  over  jwtassic  liydrate  solution,  it  is  gradually  ab- 
sorbed with  formation  of  potjissic  acetate,  and  the  acid  itself  is 
formed  by  oxidation  of  acetylene  with  a  solution  of  pure  chromic 
aeid.  On  the  large  scale,  acetic  acid  is  pn  pared  <Mther  by  the 
distillation  of  wood,  or  by  the  atmuspherie  oxidation  of  a  dilute 
aqueous  solution  of  alcohol. 

In  preparing  it  liy  the  former  method,  tiie  aeid  liquid  which  diatils  over 

(1285)  u  again  distilled,  and  the  portion  which  first  pattses  over,  consiiiting 
chiefly  of  nu'thylic  alcohol  and  ucvtone,  is  colU'oted  apart  ;  the  crude  acid  whioh  it; 
aflerwardH  collected  w  neutralised  with  milk  of  liuie,  and  the  reaulting  impure  hoIu- 
tion  of  calcic  acetate  is  mixed  with  a  xolutiou  of  aodic  sulphate  :  tlie  solution  of 
Bodio  acetate  thua  formed  ia  drawn  off  from  the  caldc  aulphate,  and  eraporatcd 
to  the  cryiitallization  point,  and  the  cryRtahi  of  aodie  acetate  are  then  dried  and 
carefully  fused  in  order  to  expel  and  deoompo«e  adherent  tarry  matter ;  finally 
the  fused  Halt  i»  recrystallized  from  water,  and  decomposed  by  distillation  with 
hydrochloric  or  sulphuric  acid.  To  obtain  the  anhydrous  acid,  dehydrated  i>odic 
acetate  ia  decompoeed  by  the  equivalent  quantity  of  concentrated  sulphuric 
•aid  (comp.  1690). 

In  Germany  and  other  countriei«  where  alcohol  is  cheap,  dilute  acetic  ac  id  is 
j»repared  by  oxidation  of  alcohol,  which  is  effected  by  allowing  the  diluted  spirit 
to  trickle  nlowly  over  a  large  surface  of  wo(xl  shavings  or  birch  twigs  contained 
in  vats  of  suitable  construction  providi  d  with  a  row  of  a]jertures  near  the  bottom 
lo  admit  air*  la  this  ooantry  vinegar  {avetum)  is  prepared  in  a  similar  manaer 
firom  m  weak  raalt-wort  which  has  been  allowed  to  ferment  in  contact  with  beer 
yeaat.  The  formation  of  acetic  acid  in  tbia  manner  ia  aot  the  result  of  the 
iaiuMdiate  oxidation  of  tha  aloohol  by  the  ataoaphano  oiyi«aw  aov  ia  it  to  ha 
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attrilnited  to  the  great  extant  of  nirbet  over  whuh  tbo  aloobol  it  affMd,  but  it 
in  iu  Mine  way  induced  by  a  inicroeoopic  organii>m,  the  M^/eodernut  aceii.  If 

thi«  organi:«m  be  rigidly  excluded,  no  acetic  acid  whatever  is  formed,  however 
preat  the  surface  over  which  the  dilute  alcohol  Ik  spread  (t^a^fpurj  A.  Mayer ^. 
The  luycodertu  apparently  exeruitseu  au  mduence  tiimilar^^Kl^Uiati^  liiiel 
divided  plAttnum,  and  quite  diffeient  firom  that  of  jeeat  mn  odwir  mittotoifif^ ^ 
ecgaoiama  which  exdte  fermentatioii.  1  u  I' r  r      ' ' '* 

Pare  acetic  acid  forms  large  colourless  trAiis^rent  ctT^lB,J 
melting  at  i6°7  {62^  F.) ;  in  the  liquid  state  it\^  n/oolourlcs^^ 
mobile,  pungent-smelling  substance,  b(jiling  at  1 1 8^''^f«44^4  ^'"'l-' 
It  is  highly  corrosive,  and  raises  blisters  on  the  skin.  It^s 
miscible  in  all  proportions  with  water,  alcohol  and  ether,  and  is 
itself  a  good  solvent  for  many  substances.  According  to  Men- 
delefl',  acetic  acid  has  the  sp.  gr.  1*0607  at  15°  (59^  F.)  referred  to 
water  at  4°  (39°' 2  F.).  On  diluting  the  acid  with  water,  the 
sp.  gr.  increases  up  to  a  certain  point,  but  according  to  Uoscoe 
and  Oudemanns  the  maximum  density  of  mixtures  of  acetic  acid 
and  water  bears  no  relation  to  a  fixed  equivalent  proportion  of 
the  acid  and  water,  but  corresponds  to  a  different  proportion  for 
each  particular  temperature.  The  mixtures  which  exhibit  the 
maximum  density,  howeveif,  are  not  hr  remoTed  in  composition 
from  a  hydrate  of  the  formula  C,HPg+OH,sCH,.C(OH]g,  and 
there  can  be  little  doubt  that  an  aqueous  solution  of  acetic  add 
at  least  partially  consists  of  this  '  acidhydrol }'  it  is,  however,  a 
much  less  stable  compound  than  the  homologous  'methaeidhydror 
derived  from  formic  add,  mixtures  of  acetic  acid  and  water, 
whatever  the  proportions  of  the  constituents,  being  decomposed 
'  by  distillation  in  such  a  manner  as  ultimately  to  leave  a  residue 
of  the  almost  anhydrous  acid,  no  mixture  exhibiting  a  constant 
boiling  point  or  distilling  of  approximately  constant  composition 
(Roscoe).  The  mixed  ether  derived  from  '  ethacidhydroF  and 
ethylic  alcohol,  CII3  C(OC^Jl5)3,  obtained  by  heating  j3-trichlor- 
ethane,  CH3.CCI3,  with  sodic  ethylate  and  ether  in  sealed  tubes 
at  ico° — 120°  (212° — 248°  F.),  is  a  colourless  liquid,  boiling  con- 
stantly at  142''  F.)  (Gcuther,  Jahrtst/.,  1870,  636). 

At  temj)eratures  near  to  its  boiling  point,  under  the  ordinary 
pressure,  the  va|>our  of  acetic  acid  has  a  density  considerably 
greater  than  corresponds  to  the  formula  CjH^Og,  and  only  ex- 
hibits the  normal  density  at  about  250^  (4^2°  h\),  but  under  a 
pressure  of  about  20  mm.  the  vapour  has  nearly  its  normal 
density  even  at  ordinary  temperatures.  Hence  it  appears  that 
the  molecules  of  acetic  add  vapour  are  not  dmilarly  constituted 
at  all  temperatures  and  under  all  pressures,  but  that  a  given 
quantity  of  acetic  acid  forms  a  smaUer  number  of  molecules  at 
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low  than  at  high  temperatnTes,  and  a  greater  nnmher  of  molecnlet 
at  low  than  at  high  pressnres  (oomp.  Horstmanu,  Deut.  chem,  Ge$» 
Ber,,  iii.  78 ;  Nanmann,  ibid.,  iiL  702).  It  is  not  improhable 
that  the  increased  density  is  dne  to  the  presence  of  molecnles  of 
the  formula  CJ:lfi^  the  relation  of  which  to  the  simpler  molecules 
C^H^O,  may  be  expressed  by  the  formule: 

CH,.COOH  CH,.C(OH)  |  ^  |  C(OH).CH,; 

or  it  perhaps  results  merely  from  the  mean  distances  between  the 
molecules  being  less. 

Acetic  add  is  a  very  stable  substance,  being  scarcely  affected 
by  ordinary  oridising  agents  or  concentrated  nitric  acid,  or  by 
fusion  with  alkalies.  On  passing  its  vapour  through  red-hot 
tubes  the  greater  part  remains  unaltered,  but  a  portion  is  decom* 
posed,  dimethylketone  and  methane  being  the  principal  products. 
By  the  action  of  chlorine  in  sunshine,  it  is  converted  into  chlo*. 
rinated  deriTatives,  brominated  derivatives  being  formed  by 
heating  it  with  bromine. 

Aretafes. — Acetic  acid  form*  a  Iftrge  number  of  mrt^tlltc  salts,  wliich  mostly 
crystailizewellanddiiuiolvereadilyinwater.  In  addition  ioi\\e normal polassic salt, 
KCjH^O,,  which  »  extremely  eolnble  tn  water  and  ery«ta)Hzn  wilJi  difficulty,  it 

forms  a  hyperacid  salt :  KC,H,0,.C,H,0,  -  (P)  CH,.C(OKi  |  ^  |  C(OH).CH,. 

which  may  he  obtained  by  di88olvin<;  the  normal  biiU  in  an  excesM  of  acid  and 
evaporatin<;  the  Holution;  it  cryntallizcs  in  loii*;,  fluttentd  prisms,  melting  at 
148''  (298  '4  F.),  and  when  heated  to  about  200°  (392"  F.)  it  ift  resolved  into 
the  fKurmal  lalt  and  aectio  acid.  The  ooireeponding  iodio  salt  ia  aimilarlj 
decorapoaed,  and  thia  property  affiirda  a  emivanieiit  incaaa  of  obtaining  an- 
hydrona  aoetic  acid.  By  diHs«olving  potaaaic  acetate  in  boiling  acetic  Knhjdiid^ 
the  componnd  2X0^,0^.0^11,0,  ia  aaid  to  be  produoed ;  it  eryetaUisea  in 
colourless  needles. 

Sodic  acetate,  NaC,H,0,  +  3OH,,  crystallizes  readily  in  large  efflorescent 
rbombie  prisnui,  aolnble  in  about  5  pte.  of  oold  walw ;  the  anhydrooa  ndt  melti 
at  388''  (55o'''4  F.),  and  begina  to  dcoonpoae  at  abont  31 5^  (599**  F.).  Two 
hyperacid  aodic  aalta  may  be  obtained,  NaC,H,0,.C,H/\  and  NaC,H,6,.aCA0i. 
(comp.  Leaoorar,  Compt.  Btnd.,  Ixxxiv.  1029)  ;  and  by  disi<o1ving  the  normal 
salt  in  boilint;  acetic  anhydride,  Perkin  ^Jour.  Chem.  Soc.,  zxi.  185}  has 
ol)tained  the  compound  NaCjH/),.C\H,0,. 

^Maionfe  «eaMa>  NH^O.H.O,,  i«  Ibrmed  on  aatnrating  diy  aeetio  aoid  vitk 
ammonia  gaa,  bnt  the  tendency  to  form  the  hyperadd  aalt  i*  so  great,  that  on 
evaporating  the  aqueous  solution  of  the  normal  saltf  ammonia  is  given  off,  and 
the  latter  remainn.  On  distillation,  ammonic  Rcetate  ia  reaolved  into  water  and 
acetamide  :  CH^.COONH^  -  rH^.CO.NH,  +  OH,. 

JBarie,  calcte  and  ttrontic  acetates  are  very  soluble,  but  ciyatalliae  readily ; 
magnmie  Mefoto  eryatalliiaa  with  diffienl^. 

Argentic  acetate,  AgO,H,0,,  eryatalUsea  ftom  hot  water  in  thin,  flat, 
glistening,  flexible  needles ;  it  dissolvea  in  thoot  lOO  pta.  of  oold  water,  bnt  ia 
aomewhat  mon  aoluble  in  hot  water. 
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Plwmhie  aeetaU  («»ugtr  of  lead),  Pb(C,H,0^),  +  3011,*  cryBtalllze«  in- 
effloreMoent  monoclinic  pristm*.  soluble  in  nbout  pU.  of  cold  water,  antl  in 
about  8  ptH,  of  alot)lu)l  ;  the  a<jHPons  sdhitioii  ha«  at)  intensely  >«we»>t  astrint»?nfc 
taiite:  it  does  not  yield  u  precipitate  with  unnuonia  in  the  cold,  but  in  partuliy 
deoompowd  by  carbonic  aoid.  Bj  digesting  the  Hulution  of  the  iKMniuil  aoetotn 
with  (dumlric  oxide,  two  hfme  plumbic  arefate*  ere  formed:  the  firiit 
[CH,.COOiPbOH)],.  +  OH,  or  CH,.CXX).Pb.0.l>h  O.COO  CH,  +  2OH,  i«  pre- 
pared by  diHsnlviiii,'  tlie  r»'<iMi>it»?  ainotint  of  oxide  in  the  »i>lnrioii  of"  the  ac«'t;ite  ; 
the  second.  (CHjj.COO.rb()).^l*b  by  boiling,'  a  solution  of  6  ])ts.  of  the  nornuil 
salt  with  7  pts.  of  the  oxide,  or  by  allowing  a  saturated  Hulution  of  the  nonunl 
itlt  raised  with  oae^fth  its  volorae  of  emmoniA  to  evaporate:  it  forms  lonj^ 
silkj  needles*  very  soluble  in  water,  bat  insoloble  in  sloohol.  A  Ins  bsxie  salt 
is  said  to  be  formed  bj  heating  tlie  norniHl  ttalt  until  it  melts  and  subsequently 
solidifies  in  a  white  porous  man9,  more  basic  salts  by  boilijiij  the  normal  salt  with 
an  excess  of  the  oxide  (coinp.  Loew,  Jour.  pr.  Chcm..  xcviii.  The  biisic 

salts  are  ail  decomposed  by  carbonic  anhydride,  and  converted  into  the  normal 
salt  and  basieearbonste  (white  lead);  they  fhmiKh  prreipitstea  with  a  large  number 
nf  hjdraxyl  eomponnds  whidi  are  not  precipitated  by  the  normal  acetate. 

Cupric  aeetatet  <--'o(C,H,0,),,  below  8"  (46**"4  F.),  crystallize*  with  5  inols. 
of  water  in  large  blue  prisms,  but  aoove  thm  tetn|)eratiire  it  forms  beautiful 
dark-green  crystals  containing  only  a  single  niol,  of  water  ;  its  aqueous  solution 
is  decomposed  by  boiling  with  aeparation  of  a  difficultly  soluble  basic  salt 
(Cu(C,H,0,),.CaU),  of  which  sevenl  are  known  corresponding  in  composition  to 
the  bMio  pinmbie  acetates.  Common  Terdigris,  obtained  by  ex|)0sing  platss 
of  copper  to  the  air  in  oontsct  with  acetic  acid,  is  a  mixture  of  basic 
cnpric  acetates,  the  blue  variety  consisting  chiefly  <>f  that  of  the  formula 
(0,H^O„y  Cu.rul )),  and  the  green  of  that  of  the  formula  2(C,H,(>  )  Cu.CuO. 

2seutrai  solutions  of  acetates  are  coloured  red  by  ferric  calonde  in  conse- 
qnence  of  the  finrmatioa  of  ferric  acetate ;  this  salt  is  nncrjstalliaable  and  ex- 
tiemely  soluble.  On  boiling  its  solution,  a  basic  salt  is  precipitated,  the  liquid 
becoming  colonrless.  The  basic  ferric  salts  have  been  examined  by  Siheurer- 
Kestner  (see  Watts'  Dirt.,  •\st  Sup.),  who  has  aisc)  prepared  an  interesting  series 
of  mixed  acetonitrates  such  as  the  tetrm  ffodmit rate,  1*^(0,11  jOJ^fNO^)^,  by 
dissolring  ferric  hydrate  in  mixtures  ui'  acetic  aud  nitric  acid  in  various 
proportions. 

Altminie  acetate  is  of  importance  on  acconnt  of  its  employment  in  chHco 
printing,  for  which  purpose  it  is  prepared  by  precipitating  a  solution  of  alnm 
with  one  of  plumbic  acetate ;  the  liquid  is  thickened  by  gum  or  other  suitable 
material,  and  with  it  the  design  is  impressed  upon  the  cloth.  On  exposure  to 
a  moderate  d^ree  of  heat,  the  acetate  is  decomposed,  acetic  acid  being  given  off 
and  alnmina  remaining  in  a  state  capable  of  entering  into  combination  with  the 
oolonring  matter.  According  to  Crum  {Jour.  Chem.  Soc,  vi.  216),  the  normal 
soetate  cannot  be  isolated  from  such  a  solution,  and  its  existence  therein  is  even 
doubtful;  but  if,  for  example, the  liquid  be  evaporated  at  a  low  temperature  with 
sufficient  rapidity,  by  spreading  it  in  a  thin  layer  over  sheets  of  glass  heated 
to  not  more  than  jy''^  (99'''5  F*)'  ^  iiubstance  is  obtained  which  is 
raadtly  diastdved  by  water  consisting  apparently  of  the  hydrated  basic,  salt 
Al(OH),(C,H,0,)^.  howeter,  a  solution  containing  about  5  per  cent,  of 
alumina  is  set  aside  at  a  temperaturo  of  15° — 21"'  (59° — 6q°'ii  F,),  it  begins 
after  four  or  five  days  to  deposit  a  crust,  aud  if  the  solution  be  heated  it 
deposits  a  heavy  white  powder ;  thetie  substances  are  apparently  basic  tetracetatos 
like  the  preceding,  but  having  different  smounts  of  water  associated  with  them, 
andtiiqr  an  inaolnble  in  water.  By  the  continued  action  of  heat  on  a  weak 
aotntioB  of  the  soluble  tetnuetatsb  thia  salt  is  alinoot  entirely  decomposed  j  bul. 
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the  alumina  remains  in  solution,  and  as  thus  prepared,  it  no  longer  ponesHe^i  the 
|K>wer  of  ucling  hh  a  niordant.  Graham  has  bhuwn  tiial  if  such  a  culutioD  be 
dialysedy  ailiDMt  the  whole  oi'  the  acid  it  removed,  and  a  solution  is  obtained  whiph 
w  ooagulated  by  miiiate  qiuntitiM  of  acidi,  of  alkaliat  and  of  moal  mIU;  tlw 
precipitate^  moteover,  u  uwolttUe  in  aeub. 

(1725)  Propionic  or  Propvuc  Acid;  methaceiic  acid: 
CgH^02  =  Cll ..CHg.COOH. — Origiually  thib  acid  Mas  terujcd 
metact  tonic  acid,  liaving  been  first  obtained  by  Gottlieb  in  1844 
by  oxidation  of  metacetonc  (p.  788);  it  may  be  formed  by  the 
general  methods  already  described  from  elliaiie,  etbylic  aleohol, 
prop}  lie  aleohol  and  propaldebyde,  and  in  many  other  ways 
besides ;  for  example,  as  sodic  salt  by  the  direct  combination 
of  carbonic  anhydride  and  sodic  ethide:  COj+NaC^^ 
=  C2Hg.C00Na  (VVauklyn) ;  in  minute  quantity  potassic  salt 
by  the  combination  of  carbonic  monoxide  with  potaasic  ethylate: 
CO  +  CoH^.OKsCgHjCOOK  (Hagemann,  Dtut.  chem.  Ges.  Ber., 
iv.  877);  by  heating  ordinary  lactic  acid,  CH3.CH(OH).C00H, 
with  a  concentrated  solution  of  hydriodic  acid;  by  heatiag 
iMMUodnie  acid  to  fusion:  CH,.CU(COOU)gsCH,.CH.CO0U 
-hCO,;  and  as  etbylic  salt  by  heating  ethylio  acetomethacttate, 
CH,.CO.CU(CH,).COOC,U^  with  sodic  etbyUte. 

It  is  usually  prepared  by  oxidation  of  propylic  alcolwly  or 
from  cyanethane  (oomp.  Linnemann,  JtnL  (Jhem,  PMmrm,, 
exlviii.  251;  Philippi  and  Tollensj  iHd>,  dxxi.  315;  Bedmrt 
and  Otto,  Deta,  chem,  Ges.  Ber.,  z.  262) ;  according  to  Freniid 
(Jour,  pr,  Chem,  [2],  v.  446),  it  may  oonveniently  be  prepared 
by  the  reduction  of  lactic  acid  with  hydriodic  acid. 

Propionic  acid  closely  resembles  acetic  acid  in  its  properties ; 
it  boils  at  I40°7  (-^8  5^  3  ¥.),  and  at  19°  {66°- 2  V.)  has  the 
sp.  gr.  "9961  (Linnemaiiii).  It  does  not  solidify  when  cooled  to 
—21"  (-5°  8  F.).  It  is  miscibie  with  water  in  all  proportions,  and  is 
not  separated  from  the  solution  by  salts;  the  anhydrous  acid 
absorbs  water  on  exposure  to  moist  air. 

Priipiouatet. — The  baric  and  ralcic  saltw  are  both  soluble  in  less  than  2  pts. 
of  water  at  17°  (62°"6  F.).  A/ymtic  j>rupio/iate,  CjHj.COOAi,',  crystailizt-'s 
from  water,  acuuraiug  to  tlie  couccnuation  of  the  suluUou,  eiliier  in  j^iatea  ur 
BoedkM,  the  latter  being  oooasiooally  grouped  in  baiullee  whioh  are  oAea 
extrenwly  emallf  i  pt  diNBulvee  in  119  pie.  of  walar  at  18*  (64^*4?.), 
J^lmmf'i'r  propwnate  Bi  easily  iolnUe  and  amorphous.  If  its  solution  b 
evajxjrated  to  dryness  with  an  excess  of  plumbic  oxide,  a  basic  salt, 
3(0,11^. COj).^. Pb  +  2PbO,  is  produced  which  may  be  fxtracted  with  cold  water, 
and  on  boiling  and  well  hliriiug  the  tiltered  liquid,  it  is  again  suddenly  deposited; 
by  mcaaa  of  thia  salt  propionie  add  may  readily  be  diatingniabed  moA  eeparaled 
from  forniie  and  aoetie  acida,  which  yield  basio  aalta  inaolnbb  io  oold  water, 
whereas  the  salt  in  qoertion  reqnirM  only  8—10  pts.  of  water  at  ifil^f** 
to  diMoLve  it  (Linuemann,  An,  CAem,  I^Marm,, uU,  2i8j. 
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(1726)  Tetrylic  or  Butyric  Acids:  C^Ht^O,,. — Both  the 
possible  acids  of  the  formula  C.II^.COOII  arc  known — viz.,  normal 
{primary)  butyric  or  ethacetic  aczW,  CH.^.CII^.CIIo.COOH,  and  wo- 
or  secondary  butyric  or  aimetharetic  acid,  CI^CHj),  COOH. 

Normal  butyric  acid  may  be  formed  from  normal  tetrane, 
normal  primary  butylic  alcohol  and  tetraldchyde,  normal  propylic 
alcohol,  and  ethylic  acetoethacetate  by  the  general  methods ;  it 
is  produced  iu  small  quantity,  together  with  its  lower  homologues, 
by  oxidation  of  albuminous  substances,  and  from  many  other 
substances  by  oxidation  or  by  the  action  of  fused  potassic  hydrate 
(comp.  Griinzweig,  ibid.,  clxii.  193).  It  is  produced  in  consi- 
derable quantity,  together  with  acetic  and  caproic  acids,  by  fer- 
mentation of  iactic  acid,  and  is  most  readily  prepared  in  this 
way ;  tartaric  acid  and  a  number  of  other  substances  also  furnish 
this  acid  on  fermentation.  It  occurs  in  small  quantity  as  glyceric 
salt  in  butter,  whence  the  name  butyric  acid ;  in  various  animal 
secretkms,  probably  in  the  form  of  sodic  salt ;  and  in  the  free 
state  in  perspiration,  and  the  secretions  of  many  insects.  The 
oils  from  the  fruit  of  various  species  of  UmbtiUfera  also  contain 
ethereal  salts  of  butyric  acid :  ethylic  butyrate  being  a  constituent 
of  the  oils  of  Heraeleum  giganieum  and  H,  tpondyiium,  hexylic 
butyrate  being  also  present  in  the  latter ;  the  oil  from  the  seeds 
of  the  common  parsnep  {Pa$imaea  satha)  consists  chiefly  of 
octylic  butyrate  (comp.  Moslinger,  ilnd.,  clxxxv.  26). 

In  the  pure  state  butyric  acid  is  a  colourless  liquid,  having 
an  odour  similar  to  that  of  acetic  acid,  and  only  exhibits  a  rancid 
odour  when  volatilized  or  diluted  ;  it  boils  at  i62°"4  (^2^°'^  F.), 
and  at  14"  (57°"2  F.)  has  the  sp.  gr.  958;  when  cooled  it 
solidifies  to  a  mass  of  crystals,  which  melt  at  about  o°(j}2°  F.) 
(Linnemann).  It  dissolves  in  water  in  all  proportions,  but  may 
be  separated  by  the  addition  of  soluble  salts ;  the  acid  thus 
separated,  however,  retains  a  considerable  quantity  of  water,  and 
probably,  at  least  in  part,  consists  of  the  hydrate  C^Hy.COOH 
+  0H2= €311^.0(011)3.  It  is  oxidized  with  very  considerable 
difficulty,  but  by  heating  it  for  some  time  with  an  excess  of 
chromic  a<;id  mixture  it  is  completely  converted  into  water, 
acetic  acid  and  carbonic  anhydride  (Griinzweig) ;  by  long-con- 
tinned  boiling  with  nitric  add  (sp.  gr.  1*4}  it  is  oxidized  to  succinic 
acid,  COOH.CH,.CH^COOH  (Erlenmeyer,  Sigel  and  Belli,  iM., 
elzxs.  307). 

Butyraies. — Caln'r  fmfyrafe,  (C^U^.CO^^Ca  +  OU,,  cryntalliV^  nn  snnn- 
ianeous  evaporation  of  its  aqu?uu8  Holulion  in  rbotnbic  plates  or  broad  t^liHttiiiiit^ 
naedled  groaped  id  bundles ;  it  dissolve*  iu  about  3^  pts.  of  cold  water,  but  is 
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much  lew  soluble  in  bot  water,  a  cold  saturated  solution  becoming  almoflt  soUd 
from  Bi'paration  of  the  wilt  when  heateiJ  in  tlie  water  bath.  Erlenmeyer  hss 
obwrveii  that  when  a  tube  containing  a  cold  saturated  solution  of  this  8alt  wan 
be.iied  perhaps  30  or  40  times  at  intervals  during  a  period  ot  about  10  jean, 
the  calcic  aalt  <tf  isobatyrio  acid  was  produeed,  about  ^  to  ^  of  {ht  MmMl 
■alt  uude^oiog  tbia  ehango;  aa  thia  waa  not  obeenred  to  tako  place  when  a 
Bolution  waa  boiled  for  8  daya,  it  appean  probable  that  time  ia  of  inflnwiwt 
{ibid.,  clxxi.  126). 

Argentichutyratc,  C,}l..CO()Afj,  njostly  erystalli/,es  from  a  hot  saturated  so- 
lution in  bundles  or  cautiiluwer-like  groups  ofglibtening  plates,  soluble  in  about 
7  2  pta.  of  boiling  water  and  in  abont  200  pta.  of  water  at  14''  (57°'2  F.)  %  the 
character  of  the  cryetala  ia  much  bfluenoed  by  the  preseiioe  of  email  qoantitice 
of  the  salta  of  homologouK  acids,  trm  es  of  acetate  causing  them  to  assume  moss* 
like  forms.  Zindc  butt/rate,  ((-\Hj.('( )  )//n  +  2()}Ij,  forms  flat  monoclinic 
])ristiis.  which  effloresce  on  exposure  to  the  air;  it  dissolves  in  aKout  lO  pts  of 
cold  water;  on  evaporating  it^  aijueouti  bolutiou  a  baiiic  tall  heparates.  Mauj 
of  the  butyrates  and  acetates  crystallize  together,  forming  double  salts. 

Isobtdyric  acid  occurs  toj^i  llicr  with  formic,  acetic,  propionic 
and  bciizoic  acids  in  the  banana,  tlic  fruit  of  Ceratufiia  siiiqua 
(Griiuzweig)  j  it  may  be  produeed  by  oxidatiou  of  isobutylic 
alcohol  and  isobutyric  aidehyde>  from  iso])ropylic  alcohol,  by  con> 
verting  it  into  the  cyanide,  &e.,  and  by  heating  ethylic  acetodi- 
methaceUte,  CIi3.cb.C(CUs)o.COOC,H^  with  sodic  ethylate. 
It  exactly  resembles  the  normal  acid  in  odour,  but  boils  at  154* 
(509^*2  F.),  and  at  20°  (68^  ¥,)  has  the  sp.  gr.  '9503 ;  it  is  soluble 
in  five  times  its  weight  of  water  at  ao**  (68^  F.).  Isobutyric  acid 
is  much  more  readily  oxidized  by  chromic  acid  mixture  tiiaa 
butyric  add,  but  fumbhes  the  same  products  (Griiniweig). 

hohutyraiet. — CaJeie  uahutjfrate^  (C,H,.CO,),Ca  +  5OH,,  crystallires  in 
monoclinic  priama,  and  u  distinguished  from  the  isomeric  ealt  by  being  much 
more  soluble  in  hot  than  in  cold  water.  Argemtin  itobuiyraie,  C  H^COOAg. 
forma  transparent  pl  ites.  and  requires  only  1 10  ptt*.  of  water  at  16  (6o°'8  F.) 
for  it«  solution.  Zincic  uuhuh/rate,  (t',Ilj.CO,)jZu -f  <  >H  ,  is  rapidly  decoiB' 
posed  by  boiling  its  aqueous  solution  with  separation  of  a  buisic  ^alt. 

(1727)  Pektylic  or  Valeric  Acids:  C.HjyOj. — The  four 
possible  isomeric  pentylic  acids  have  all  been  obtained.  Normal 
primary  valeric  acid,  or  propacetic  acid:  CH,.CIIj.CHg.CH,.CO0H, 
waa  first  obtained  by  Licben  and  Bossi  {ibid,,  clix.  58)  from 
btttylic  cyanide  from  normal  butylic  alcohol;  it  has  also  been 
obtained  by  oxidation  of  normal  primary  amylic  alcohol  from 
normal  pentane  and  of  methylamylketone  (Schorlemmer),  and  by 
oxidation  of  a-oxycaproic  acid  (Erlenmeyer,  Deut,  chem.  Get,  Ber», 
ix.  1839).  In  odour  it  more  closely  resembles  butyric  add  than 
ordinary  valeric  acid;  it  boils  at  184** — 185®  (363**- 2 — 365°  F.)  • 
under  a  pressure  of  736  mm.  of  mercury,  and  at  (33*^  F.)  has 
the  8p.  gr.  -957.    It  does  not  solidify  when  cooled  to  -16° 
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(3®  a  ¥.).  It  requires  about  twenty-seven  times  its  volume  of 
water  for  its  solution,  and  itself  dissolves  aboiit  i-ioth  its  volume 
of  water,  but  may  be  dehydrated  by  distillation. 

Valerates. — CaJric  valerate,  (C\H^.CO,),^Ca  +  OHj,  forms  glisteniri£7  scal(>«, 
and  like  calcic  but^  rate  is  mure  holuble  iu  cold  than  in  but  water,  the  puint  oHeaiit 
solubility  being  about  70^  (158°  ^0;  although  the  crystals  which  separate 
on  cooling  a  b^'ng  satovated  tolation,  or  heating  a  cold  iatumted  solution,  to 
thai  temperature  are  in  great  part  ndiiMolved  as  the  solution  is  furtlie r  a)oled  or 
heated,  there  is  alwaya  a  certain  residue,  and  it  would  appear  probable  tiierefore 
that  a  basic  salt  is  produced.  Baric  valerate  crystal!  zes  in  small  anhydrous 
plates,  soluble  in  six  times  their  weight  of  water  at  10°  (50°  F.),  aud  more 
soluble  in  hot  water. 

iMoprimary  valeric  or  isopropacetic  acid  ;  ordinary  valeric  or 
valertanie  acid:  CH(CH3)„.CI1,.C00H.— This  acid  occurs  in 
Valerian  and  angelica  root,  aud  in  the  berries  and  bark  of  the 
guelder  rose  ( Viburmm  €puii$) ;  it  is  a  product  of  the  decay  of 
albuminous  substances.  It  may  be  formed  by  oxidation  of  the 
optically  inactive  isoprimary  amylic  alcohol  contained  in  Aisel 
oil,  and  from  isobutylic  alcohol  by  conversion  into  isobutylic 
cyanide^  kc  (Erlenmeyer  and  Hell^  Atm,  Chm,  Pharm,,  clz.  257), 
also  from  ethylic  acetoisopropacetote,  CH,.C0.CH(C3H^)^.C00H ; 
and  on  oxidation  of  leiicin  or  amidocaproic  acid  (q.  v.).  Isoprop- 
acetic add  is  a  thin  oily  liquid^  of  peculiar  unpleasant  odour 
like  that  of  decayed  cheese ;  it  boils  at  about  1 7 5°  (347°  F.),  aud 
at  (32**  F.)  has  the  sp.  gr.  947.  It  is  slightly  more  soluble  in 
water  than  propacetic  acid,  which  cannot  be  completely  dehy- 
drated by  distillation  ;  when  boiled  with  chromic  acid  mixture,  it 
is  oxidized  to  acetic  acid^  carbouic  abb\  di idc  aud  water. 

Xftmderates. — Jryeutic  isopropaceiate,  C^H,.COOAg,  crystallizes fimn  ioliH 
lions  containing  free  acid,  e>peciHlly  acetic  acid,  in  large  glisteniog  plates,  which 
dissolve  in  540  pts.  of  wat^'r  at  20°  (68""  F.)  The  baric  mlt,  (CJl  COj  Ua. 
crystallizes  readily  either  in  thin  nirrow  triclinic  prisms  or  larger  broader 
plates;  it  dissolves  io  about  its  own  weight  of  water  at  22^  (Ti^'d  F.). 

Secondary  valeric  or  methethacttic  acid ;  optically  active  valeric 
acid:  CH3.CH(C2lL).('()OH.— This  modification  is  formed  by 
oxidation  of  the  optically  active  amylic  alcohol  contained  in  fusel 
oO  (eomp.  1438);  acooiding  to  Erlenmeyer  and  Hell,  it  is  also 
present  in  the  acid  from  valerian  root,  and  is  produced  together 
with  the  isoprimary  acid  by  oxidation  of  amidocaproic  acid  or 
leucin.  It  has  been  obtained  in  a  pure  state  by  Saur  from 
ethylic  acetomethethacetate,  CHyCO.C(CIIjj)(Cj,H5).COOCgH5,  by 
distillation  with  sodic  ethylate  and  saponification  of  the  resulting 
ethylic  salt  {Ann.  CAem.  Pkarm,,  dxxxviii.  25;}.    The  acid  thua 
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prepared  is  a  thin  liquid  of  less  unpleasant  odour  than  ordinary 
fileric  acid,  boiling  at  173^  (343°'4  '»  it  does  not  mix  in  all 
proportions  with  water,  but  is  dehydrated  with  difficulty.  The 
acid  formed  by  synthesis  appears  to  differ  from  that  obtained  in 
other  ways,  by  b^g  optically  inactive,  but  this  is  the  only  dis- 
tinction. It  has  not  been  ascertained  whether  the  synthetic  add 
is  optically  active ;  the  most  aetiye  specimen  as  yet  prepared  by 
oxidation  of  amylic  alcohol  had  the  rotatory  power  (a)^^  +61^*2 
(Ley).  According  to  Erlenmeyer  and  HUl,  the  active  acid  be- 
comes inactive  on  heating  with  a  small  quantity  of  sulphuric  acid 
at  250**  (482^  F.),  but  is  otherwise  unaltered  in  its  properties. 

Metkaikaeefatet. — ArgenUe  methetkaeeiaie  crystalliie*  from  hot  water  in 
needln  grouped  in  feaUMf'like  fof ms,  almost  iDMlnble  in  oold  water,  but  it* 
most  characterbtie  salt  is  that  of  barium,  which  cannot  be  cryataUiied,  but 
remains  as  a  gammy  masa  on  evaporation  of  its  solaticme. 

Tertiary  valerie  or  trmethacetie  acid:  C(CH3)3.COOH.— This 
acid  was  first  prepared  by  Butlerow  by  displacing  the  OH  group 
in  trimethylcarbinol,  C(CH,)3.0H,  by  COOH  (ihid,,  clxv.  322 ; 
cUz.  151;  dxxiv.  355) ;  it  bais  also  been  obtained  by  oxidation  of 
methyl  tertiary-butyl  ketone  or  pinacolin  (1676),  and  of  the 
homologous  ethyl  tertiaiy-bntyl  ketone  (Wischncgrudsky,  ibid., 
clxxviii.  103),  and  by  oxidation  of  the  tertiary  octylearbinol, 
C(CH3)3.CH3.C(CH3),.OH  (Butlerow,  ibid.,  clxxxix.  44.) 

To  prepare  it,  a  mixture  of  loo  pt«.  of  the  iodotrimeth^  lnu'tliane,  ('I(CIIJj, 
obtained  by  the  action  of  hydriodic  acid  on  tnmethylcarbinul,  or  by  combining 
^•dimethylethylene  (i«obntylen<«)  with  hydriodic  add,  110  pta.  of  mmnrie 
potasftic  cyanide,  IIgK,(CN)^,  and  75  pU.  of  dry  U\c  powder,  is  placed  in  a 
Tesnel  surrounded  by  water  the  temperature  of  which  is  not  allowed  to  rise 
above  5°  (41°  F.) ;  by  this  means,  the  formation  of  isobutvlene  is  almost  entirfly 
avoided,  but  a  considerable  quantity  of  a  reninous  .siibrttauce  is  always  produced. 
After  two  or  three  days,  when  the  action  ia  complete,  water  is  added  and  the 
prodoot  distiUed  off  from  the  oil  bath,  and  the  oily  diftillate  ia  mixed  with 
about  an  equal  rolume  of  fuming  hydrochloric  acid,  and  hoiited  in  closed  tubes  for 
several  hours  at  100°  (212°  F.) ;  the  contents  of  the  tuhes  is  then  mixed  with 
water,  and  the  nil  separated  I'rom  the  a<iueou8  solution,  the  amount  of  acid 

remaining  iu  i»olutioD  being  recovered  by  distilling  the  liquid  and  baturating  the 
dbtillate  witii  iodto  avlphttte.  The  erode  msA  ia  tteated  with  a  eolntion  of  aodb 
hydrate,  the  aolntioa  aeparated  from  undicMdved  ml,  evaporated  to  dryneea,  the 
residue  diMiolved  in  a  small  quantity  of  water,  and  decomposed  with  sulphurie 
acid  diluted  with  twice  its  weight  of  water;  the  arid  thus  obtained  is  further 
purified  by  conversion  into  the  maguesic  or  zincic  salt,  and  tinally  it^  dehvdr.it*^^] 
by  means  ot  phosphoric  anhydride.  This  process,  however,  furnishes  only  about 
one-fonrth  the  tiieoretiea]  araonni. 

Trimethacetic  acid  is  solid  at  ordinary  temperatures :  the 
crystallized  acid  forms  angular  lamclhc  consisting  of  small 
needles  ranged  at  right  angles  from  a  common  axis ;  it  is  semi- 
transpareut,  but  when  cooled  below       (32°  F.)  it  becomes 
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opaque,  being  coiiTerted  into  a  mass  of  silky  needles  radiating 
from  a  common  centre.  Both  forms  belong  to  the  regular 
system.  It  melts  at  35°*4  (93  7  F.),  and  boils  at  i63°*8 
(326°*9  F.).  The  fused  acid  is  a  colourless  oil,  of  the  sp.  gr.  '905 
at  50°  (122  F.),  soluble  iu  about  40  times  its  weight  of  water. 

Trimethacetates. — Tritiiethacetic  acid  furtiislies  a  number  of  highly  charac- 
teristic salts,  most  of  which,  although  rioluble  in  water,  are  with  difVu-iilty  wetted 
bj  it;  mu^it  of  them  readily  lobo  acid  when  boiled  with  water.  Un  adding  a 
oonoentrated  volution  of  potiiaio  bjdrate  or  osrbonato  to  Ibo  acid,  the  luixtara 
beooiDM  solid  at  a  oertain  point,  but  the  crystal*  diMolve  on  wanning,  and  a«  the 
•olution  cools,  fine  long  iietHlU's,  grouped  in  stiirs,  separate  out,  coiuitfting  of  the 
acid  pota^sic  salt,  C\H,KO.^  +  2(\,H^  O  _(?C\ir^.C( ()K)(CJf,.COO),).  Baric 
irimethaveiate  (C,H,.C(>,)J{a  +  5<  >1I a"ti.l  calcic  trimethacctafv,  (C\il^.CO,)^Ca 
+  50Hj,  cryrttaliize  in  needles  or  pi  isms ;  the  former  is  very  nuhibie  in  water ; 
As  latter  modsvately  ao.  Magnuk  fnuMthaeHaU,  (C,U,.COJ,Mg  +  SoH,, 
Anus  large  thin  tranaparent  plates.  Zinme  irim^kae&iaU,  (C\H,.CO,)  .Zn  + 
OHy  erysfeallizes  in  large  glMteniog  scales,  difficultly  soluble  in  water;  on 
wanning  a  cold  saturated  solution,  it  gelatinizes,  owing  to  the  separation  ot  a 
basic  Halt.  C^H^.t'O  {Zn.OH),  whirh  ledissolves  entirely  as  the  solution  cools, 
if  none  of  the  acid  ha.i  been  allowed  to  escuj>e.  Argentic  trimetAucetatv, 
C^H,.C(X)Ag,  is  obtsinsd  as  a  very  voluaiiwos  precipitsts  on  the  addition  of 
ai^gentio  nitrate  to  moderately  concentrated  solationa  of  other  trimethacetates ;  it  ia 
difficultly  soluble  in  water,  more  soluble  in  alcohol,  and  separates  from  the 
former  in  crystals  resembling  those  of  argentic  acetate,  when  the  solution  is 
allowed  to  e%-aporute  sitontaneously.  A  number  of  other  trimethaoetate«  have 
bevn  described  by  Butlerow. 

(1728)  IIexylic  or  Caproic  Acids:  CgTI,,Oo. — Of  the  eight 
possible  forms  of  this  acid  five  are  at  preseut  known. 

Normal  [primary)  Hixi/Hc  or  Caproic  Acid ;  Normal  TetryUmtio  Aeid : 
CHj.ClT,.CII,.CH,.Cllj.COOH,  has  been  obtained  from  normal  primary  aniylie 
alcohol  by  displacing  the  OH  group  by  COnil  in  the  usual  manner  (Lieben  and 
Koesijt  and  by  oxidation  of  normal  primary  hexylic  alcohol  (Franchimont  and 
Zincke) ;  it  oceors  in  small  quantity  aa  octylio  sslt  in  the  oib  of  Htrttdetm 
9phoni$li»m  and  TtuHnaca  sativa.  The  caproic  acid  present  in  the  free 
state  in  perspiration,  as  ;^dyceric  salt  in  butter,  cocoa>nut  oil  (in  considerable 
amount),  and  other  fatty  substances,  and  which  is  obtained  by  oxidation  of  albu- 
minous bodies  and  fats,  is  probably  the  normal  acid.  It  is  formed  together  with 
acetic  and  butyric  acids  by  fermentation  of  lactic  acid,  and  is  most  readily  pre- 
pared  in  this  manner,  being  separated  from  theee  acida  by  fractionsl  diatiUaUon 
and  washing  with  water,  in  which  it  is  only  slightly  solnble. 

Normal  caproic  acid  is  a  colourless  mobile  oil,  of  pungent,  unpleasant  odour, 
boiling  at  about  20-®  (401°  F.) ;  of  the  sp.  gr.  '945  at  "o  "  (32°  F.);  when 
strongly  cooled  it  solidities  to  a  white  crystalline  mass,  melting  at  about  — 2' 
(28"'4  F.)  It  forms  a  crystallme  compound  with  calcic  chloride,  a  property 
which  it  apparently  aharss  with  its  lower  bomologuea  (Licben  and  Janeck).  By 
oxidation  with  nitric  acid  it  Is  rssolred  into  succinic  snd  acetic  acids  (£rlen> 
meyer.SigelsndBsUi): 

CH..CH,.CH,.CH^CH,00OH  +  5(0  +  OH,)  = 

CH,OOOH  +  C0OH.CH^GH,.000H  +  60H.. 

Caproat0t4 — Calne  eoproafo,  (C^H^^CO J,Ca   OH^  fotms  long  very  thin 
8  8  H 


834 


ACIDS  OF  THE  ACETIC  SERIES. 


[1729, 


glistening  prismatic  plates;  100  ptn.  of  a  solatioD  saturated  at  18^*5  (65*3  F.) 
eonUun  27  pta.  of  the  uUiydrons  aali,  and  it  it  only  slightly  more  aoluUe  m 
hot  vattv.  Barte  eaproaU  Ibme  indiatinet  oryatala,  which  appareuUy  aie 
sometimes  anhydrous,  and  sometimes  contain  water  of  crystallization ;  its  solu- 
bility is  variously  stated  at  8 — 12  pt«.  of  anhydrona  salt  in  100  pts.  of  the 
solution  saturated  at  about  20"  (68"  F.)  (comp.  Lieben  and  Janeck,  ibid., 
clxxxvii.  126;  Erlenmvyer,  ihid.f  clxxx.  215). 

^oprimary  Hexylic  or  Caprcie  Add;  Itoprimaiy  Jittrflaedie  Acid: 
(CH,),CH.CH,.CH,.COOH,  has  been  obtained  by  saponification  of  ethylie 
•oetoisotetrylacetate  (Kohn,  ibid.,  cxc.  316);  by  displacing  the  OH  group  in 
the  inactive  amylic  alcoliol  of  fusel  oil  by  COOH  (Lieben  and  liossi),  and 
aa  sodic  salt  by  the  combination  of  carbonic  anhydride  with  the  com  pound 
NaC,U,^  prepared  from  this  alcohol  (Wanklyn  and  Schenck),  but  the  acid  thuK 
obtained  is  impure;  and  by  heating  pyrotorelnc  acid  with  bydrio^  add 
(Mieick,  ihtd.,  clxzx.  ';;).  It  is  a  cdourleaa  oil  of  unpleasant  odour;  boiling 
at  about  199°  (390*^  2  F.).  of  tlie  sp.gr.  '931  at  o*  (32*  F.) ;  it  does  not 

solidify  wlien  cooled  to  —  18"  (0-4°  F.), 

Isocaproaies. — According  to  Rohn,  the  calcic  and  baric  salthoth  crystallize 
in  anhydrous  needles  grouped  in  bandlea,  whereas  Lieben  and  Rossi  and 
Mielok  state  that  the  ealcic  salt  oontains  3  nok.  of  water,  and  the  baric  salt 
one  or  two;  the  atatements  aa  to  the  adnbility  of  these  salts  are  aho  nsj 
discrepant 

Srro)irfary  Hexylic  Acid. — T>ieihare(ic  acid:  (C,IIj)..CII.CC)On,  obtained 
by  saponitication  of  ethylic  acetodii  tliaceUte,  C'H,.CO.C(C'jHJ,^.COOC,Hj,  or  by 
dry  distillation  of  the  diethoxybutyric  acid,  CH,.CH(OH).C(<^,H  J,.CO0H,  is  an 
oil  of  pecnliar  odonr  quite  different  from  that  of  the  mnrmal  add.  The  silvsr  salt 
crystallizes  in  silky  asbestos-like  needles  unit(>d  in  forms  resembling  fern  fronds: 
it  is  as  soluble  as  argentic  acetate,  and  rapidly  blackens  on  exposure  to  light, 
whereas  the  salt  of  the  normal  acid  is  scarcely  affected  by  light.  The  baric 
salt  also  crystallizes  well  (Frauklaud  and  Duppa;  Schiiapp,  Deut.  chem.  Gt$. 
Ber.,  X.,  1953). 

Jkrtiary  Hesrylie  And.^IHmeth€tkaceHe  Arid:  (CH,),C(C,H,).CX)OHt 

is  prepared  from  dimethylethylcarbinol  ir.  pro  iM  ly  the  same  way  that 
tertiary  valeric  acid  is  from  trimethylcarbiiiol.  The  isocaproic  acid  obtained 
by  MarkownikofF  (Zeits.  Chcm.  [2],  ii.  502)  I'roni  amylt  ne  was  probably  this 
acid  iu  an  impure  state.  Dimethacetic  acid  is  a  colourless  liquid  innoluble  in 
water,  havinsr  a  slight  odonr  like  that  of  tiie  other  acids  of  the  series,  boiling  at 
i^f  (368*  6  P.);  itaolidifiesat  low  temperatures,  and  melU  at  -  i^^ft'-Z  F.). 
The  haric  salt,  (C,Hj,.CO  )  I'a  +  5011,,  crystallizes  in  large  transparent  |^tCS» 
easily  soluble  in  water.  The  zi>ir{c  salt,  (CjHj,.COj)jZn,  crystallizes  in  trans- 
parent prisms,  and  behaves  like  that  of  trimetliacetic  acid  on  beating  its  cold 
saturated  solution.  The  silver  salt  crystailizes  from  a  hot  saturated  solution  in 
fine  diky  needles,  qaite  difllWkt  from  the  triroethacetate.  The  magnesic  sdt 
is  extremely  soluble  and  does  not  OTstallise  (Wiaehnegiadakj*  Ann,  dm, 
JPilom.,  cbcziT.  56). 

(1729)  IIeptylic  or  CEnaxthyltc  Acid:  CHj^O, — Only  one 
of  the  large  number  (17)  of  possible  heptylic  acids  Las  been 
investigated. 

Normal  (primary)  M/piylic  or  (Enanf hylic  Acid:  CH,.(CH,),.COOIT, is 
obtained  by  oxidation  of  normal  heptylic  alcohol  and  of  normal  beptylic  alde- 
hyde (a'nanthol),  and  by  dis«placii)<;  the  Oil  ^loup  in  normal  hexylic  alcohol  by 
COOH ;  it  is  also  formed  on  oxidation  of  castor  oil  and  oleic  acid ;  it  is  moat  readily 
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prepared  bj  ozidatioik  of  oananibaldehyde  (comp.  Grimshaw  and  Schorlemmer, 
Jour.  Chem.  Soe.,xxv\.  1073).  It  is  a  limpid  oily  liquid,  boiling  at  223° — 224** 
(433°'4 — 435°"2  F.),  of  the  sp.  gr.  9345  at  0°  (32°  F,)-  When  cooled  it  solidi- 
fies in  the  torm  ot'  plates  or  large  broad  needles,  melting  at  —  IO*'"5  (l3'''l  F.). 

Sej'tj/laiei.'—'TbBharieHUt  crystallixet  from  «  hot  conenifarited  Mlutlim  in 
•mall  verj  thin  anhydrcMM  pklee;  100  pto.  of  a  Mention  ntunted  at  i  (53*'*6 
flODtib  17  ptii  of  tiie  lalt.  Calcic  kcpiylaU,  (C,H„.CO,),Ca  +  OH,,  forma 
very  thin  flat  npodles,  soluble  in  about  too  pts.  of  cold  water.  Arrfcntic 
hcpti/late  crystalli/i's  in  small  woolly  neiHiles,  sj)ariTii,'ly  soluble  in  hot  water.  A 
number  of  other  suits  have  been  described  by  Griiusiiaw  and  Sohorleminer. 

]fy  tho  aetion  of  aodinm  on  tthylio  ao«tato,  and  tiion  of  the  iodide  fiom 
HmnantatioD  amylio  aleoliol  on  the  prodoot,  Frukland  and  Doppa  obtained  an 
iaopentyl  (amyl)  acetic  acid,  but  its  properties  have  not  been  described. 

Schneider  has  described  (^Ann.  Chem.  Pharm.,  clvii.  206)  under  the  name 
of  atuethcnic  ucid  an  acid  of  the  formula  C^Hj^O,,  obtained  by  oxidation  of 
diamylene  (1237)]  it  exhibits  but  feeble  acid  properties,  and  furnishes  ill- 
oharMteriied  tt^te.  Batievoir  ha*  suggested  (i^idL,  clxxiiL  375)  that  it » the 
tertiaiy  heptjlie  acid,  dimHhkopropiKdiie  aeid,  (CHJ,CH.C(CH,)^OOOH  * 

(x7.)o)  OCTTUC  or  Capbtlic  Acids:  (\H,/),.— Only  two  of  these  acids 
are  known.  Normal  {primary)  octylic  acid,  C1I,.(CH ,)^.C(K  >lf,  is  obtained 
by  oxidation  of  normal  primary  octylic  alcohol  ;  it  occurs  as  eerie  Bait 
in  cocoa-Dut  oil,  butter,  and  other  vegetable  fats,  and  is  a  product  of  the 
oiidation  of  oleic  acid  and  other  fittty  anbetaocea.  It  ii  beet  prepared  by 
eapooification  of  coooa-nnt  oil  Octylic  arid  erystallizet  in  needlee  or  pbtee, 
melting  at  iG'  s  (6i**'7  F.);  it  boils  at  about  236'*  (456°-8  F.)  It  posseseee 
a  faint  unpleas^mt  odour,  and  sharp  rancid  ta^^te;  it  is  diiru  iiltly  soluble  even 
in  hot  water,  from  which  it  crystallises  in  plates  easily  soluble  in  alcohol  and 
benzene. 

Baric  vcti/iate  crystalliiea  in  anhydrone  plateej  it  dieeolvee  only  to  the 
eartent  of  6  pte.  in  100  pts.  of  water  at  20°  (dd**  F.). 

Calcic  odflate,  (C,H„.CQ,),Ca+OH,,  crystallizes  in  long  thin  needles, 
lees  sol  ible  in  water  than  the  baric  salt.  Zincic  octylate  forms  anhydrous 
plates,  meltini,'at  136°  (276*^  8  F.).  A  number  of  other  salt-*  have  been  pre- 
pared, those  containing  heavy  metals  all  have  detinite  melting  points,  and 
aUhoogh  almoet  ineolnble  in  water,  like  the  preceding  they  are  more  or  less 
aolnble  in  alcohol  (ffincke,  Ann.  Ckem,  PharTH.,  clii.  I ;  Renesse,  ibid.,  olxxi.  380). 

The  only  other  octylic  acid  known  i.s  the  isosecondary  acid  of  the  formula 
C(CHJ,.CH  .CH(CH,)"C0(JH,  obtiined  by  oxidation  of  diisobutylene  and  of 
the  carbinol  diuobuiol  £ormed  from  this  olefine.t    it  is  aii  oily  liquid,  similar  in 

*  The  amylene  obtained  by  the  artion  tai  nnvao  chloride  on  fermentation 
amylio  alcohol,  according  to  the  latest  reeearches  (Dent  diem.  Oet.  Ber.,  ix.  1038; 

X.  81,  230,  404.  I904\  appears  to  be  u  mixtnre  of  no  less  than  four  isomerides, 
▼ia.,  of  CH,.ni-zC(OHX  C,H,.(V('fTJ— rU,  (("11  )A'H.CHri-('ir,.  and 
C.H..CUllCH.Cll,ore  H».CHz:Cli  .and  doubtless  therefore  dianiN  lene  is  also 
a  mixture  ;  if,  us  is  probable,  it  chiedy  consists  of  a-diisopropyldiniethylftliylene, 
the  formataoo  of  an  acid  of  the  kind  soggested  by  Bntlerow  invoWea  the  ooearrence 
of  isomeric  change.  Itappearspaeeiblethattheolefinemay  be  first  converted  into 

the  oxide  ('fj^  (j^CH  )  )  ^'  '^^'^^  undergoing  isomeric  change  is  converted 

into  the  ketone V 'I I,).C(C^5.)C0.C,U;,  and  that  the  acid  is  formed  by  oxida- 
tion of  this  ketone. 

t  Diisobutylene  is  obtained  either  by  beelbg  trtmethylcarbinol  with  dilate 
sulphuric  acid,  or  a  solnlion  of  ieobntylene  in  the  dilnte  acid,  at  100^  (a  13^  F.) 
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odour  to  trimc'thacetic  acid;  it  boils  irregularij  at  205" — 218**  (401* — 424^.4  F.). 
■nd  apparently  decoinp06e«  partially  on  distiUatioii.  Its  tiher  mU  OfJitalUiai  in 
groopc  of  small  opaque  needlei ;  its  osdmie  salt  is  onfy  sligfatly  soluble  in  wutflr 

(Butlerow,  ibid.,  clxxxix.  70). 

( 1 73 1 )  XoxYLic  Acids:  C,H,.<\.— Twononylic sdd*  are  known.  Xorma/ 
j  iin.'frt/  nohj/lic  acid,  CHj.(CH, )..('<  H)H,  is  formed  by  displacing  the  OU 
gruup  iu  normal  primary  octylic  alcohol  by  CUOH,  and  by  oxidation  of  metbyl- 
noojlketone,  tho  diief  eoostttosnt  of  oil  of  toe;  it  would  appear  probable  ^ao 
that  the  nonylic  ecid  obtained  bj  Badtenbecfaer  by  oxidizing  oleic  aoid  wttK 
nitric  add  u  the  normal  acid.  The  leaven  of  the  geranium  (Pelargonium 
roseum)  are  supposed  to  contain  an  acid  of  the  formula  C^H^  O^, :  and  hence  it 
has  rec»*ived  the  name  pelai^nic  acid.  Pure  nonylic  acid  is  crytttaUine,  melting 
at  about  12'*-$  {S4  S  i-);  it  boils  at  aUmi  254*  (489'-2  ¥.). 

Baric  wmjfiaU  fimns  silky  anhydrous  pUtea,  ▼ay  diffieultly  soluble  in  cold 
water.  Odde  nemfflaU  is  al^so  anhydrous,  and  aystaUiiea  from  alcohol  in 
thin  silky  platca.  The  cadmic  and  cupric  salts  may  be  crystallized  from 
alcohol  and  exhibit  eonstant  mettiog  points  (Zineke  and  Fraodumont*  Und^ 
clxiv-  333)- 

Isoprimaty  nonylic  acid  or  methkexaettie  acid,  C,H,j.CH(CHj.C500H« 
is  obtained  (rom  meUiylhexylearbinol  (from  castor  oil)  by  displacing  the  OH 
group  by  COOH.  It  is  a  coloorless  oil,  inaoloble  in  water,  which  remains  liquid 
at  -11'  {iz^'z  ¥.),  and  boila  at  about  245**  (473"  F.).  It*  caltii-  salt 
(t\H,^.CO,),('a  +  OH  ,  ix  almost  insoluble  in  water,  but  orystaUises  from  aloobol 
in  tine  needles  (KuUhem,  Und.t  clxxiii.  319)* 

(1732)  Higher  Homologues  of  Acetic  Acid. — ^A  number  of 
higher  terms  of  the  aerien  have  been  obtained,  mostly  fiom 
natural  fatty  aufaetanoea,  in  which  they  occur  as  glyceridesy  no 
term  having  more  than  a  single  representative,  however.  It 
appears  probable  that  those  containing  jo  atoms  of  carbon  and 
upwards  are  all  normal  acids,  as  theiy  furnish  lower  normal 
acids  of  the  series  on  oxidation,  but  there  is  no  other  evidence 
as  to  their  constitution,  and  it  is  even  doubtful  whether  several 
of  them  have  been  obtained  in  a  pure  state.  They  are  oystal- 
line,  faintly  acid  bodies^  insoluble  in  water,  but  soluble  in  alcohol 
and  ether;  their  alkali-metal  salts  are  readily  soluble  iu  water, 
but  either  do  not  cryj»tallizr,  or  crystallize  with  ditfieulty,  aud 


lor  several  hours;  its  formation  may  be  8uppo!«fd  to  be  the  result  of  the  <iction 
upon  each  other  of  two  mols.  of  hvdric  tertiary-uutvlic  sulphate,  thus  ■ 
(CHJ,C.SO,H  +  (CII,),C\SO,H==(CH;}/cCH— C(CH,),^-\H,S^^^  It  is  a 
colourlsa  mobile  liquid,  of  the  sp.  gr.  734  at  o*  (32*  P.);  it  boila  at  102**5 
(216**5  ^*)*  Byoonlrintng  it  with  hydrioiiic  acid,  and  decompoetingf  thi>  resulting 
iodide  with  argentic  hydrate,  the  alcohol  {diitobuiol)  (CH,),C.CH',.C(CH,),  OH. 
is  produced;  it  is  a  colourless  liqtiid  of  ramp}n>ron«i  od<>ur,  boiling  at  about 
147°  (n)6''  ()  F.).  Both  the  oletine  and  the  alcuhoj  Tuniish  the  same  products 
on  oxidation;  apparently  they  are  in  the  first  instance  chiefly  resolved  into 
trhsetbaoetie  add  and  dimcthylketoiie,  but  the  htter  ia  at  onee  liirtber 
oxidised ;  the  above-mentioned  octylic  acid  and  the  ketone  (CH,),C.CH^CO.CH, 
are  aWo  obtained  in  small  quantity,  being  probably  formed  aomewbatiatiMaaiiio 
inaimar  that  ivobutyrie  aoid  ia  00  oziJation  of  trimethjlfarbinol  (eompc  p.  440). 
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are  mostly  partially  decomposed  by  water,  dissolving  iu  a  small 
quantity  of  water  to  form  a  clear  solution,  but  in  a  lirirc 
quantity  of  water  to  form  a  turbid  alkaline  solution,  wliicli 
lathers  when  shaken  :  octylic  and  nonylic  acids  in  this  respect 
resemble  their  higher  lionioloirues.  The  salts  of  other  metals 
are  mostly  either  very  ditlicuUlv  soluble  or  insoluble  iu  water, 

www 

but  are  generally  more  or  less  soluble  iu  alcoliol.* 

Iq  the  following  paragraphs  only  a  very  brief  account  of  the 
remaining  higher  homologaes  of  acetic  acid  will  be  giveu.  For 
full  details  of  the  manner  of  preparing  them  and  an  acooant  of 
their  properties,  the  student  is  referred  to  Watts'  Diciionary  and 
to  the  original  memoirs,  especially  to  those  of  Ueints  on  the 
Tarioos  animal  fats  {Aim,  Chem,  Pharm,,  Izxxiv.  297 ;  Izxxviii. 
295,  300;  zcii.  290;  xcvii.  271);  and  to  Brodie  on  wax  {PhiL 
TVant.,  1848,  147 ;  1849, 91). 

(1733)  r)ECYLiror  Capric  Acid;  Hufic  Jr/W  ;  C\,H^O,  =  C,H„.COOH, 
otx'urs  as  glyuerio  ^aU  in  siuail  quantity  in  butter  and  lu  cocoa-nub  oil,  and  i» 
formed  together  with  Mfersl  4^  the  hutuologous  soide  of  the  neriee  on  oxida- 
tinn  of  doc  add  bj  nitiio  aeid.  Aooordiog  to  Bownej,  it  maj  be  obteiiied  in 
eonsiderable  quantity  from  the  fusel  oil  of  the  Scotch  whiaky  di^tilleriee,  and 
according  to  P'ischcr  atid  Grimm  it  is  also  contained  in  wine  fusel  oil ;  appa- 
rt'utly  it  is  pri-sent  in  tlit'se  oils  ixs  etliylic  and  amylic  salt^,  awsotiiated  with  a 
relatively  small  quantity  of  the  corresponding  caprylates  {Ann.  Cheni.  Pharm., 
km.  236  i  cxviii.  312;  olviL  164).  Gaprie  aoid  hat  a  faint  goat>Kke  odour ; 
it  ia  onlj  alightly  soloble  in  water,  bat  readily  diiaolTeB  in  aloohol  and  ether, 
ikoin  whieh  it  erjntalliiee  in  brilliant  platea,  meltbg  at  30*  (86**  F.) ;  it  boila 


*  Host  natural  prodacta  which  furnish  higher  acids  of  the  acetic  series  far- 
nti&  a  mixture  of  these  acids ;  in  separating;  tbem,  advantage  is  taken  of  ttio 
diminution  in  solubility  of  the  salts  which  takes  place  as  the  molecular  weig  ht 
increases.  Usually  the  mixture  is  dissolved  in  alcohol,  and  an  alcoholic  solution 
of  magnesic  or  plumbic  acetate  ia  added  so  as  to  fractionally  precipitate  the 
add*;  the  eariier  precipitatea  thus  obtuned  conuat  ehiefljof  the  adds  of  higher 
molecular  weight,  and  the  later  precipitates  of  thcae  of  lower  molecular  weight, 
and  by  similarly  treating  the  mixtnree  of  acids  separated  from  tlio  various  pre- 
cipitates, and  repeatinf^  these  processes  a  sufficient  number  of  times,  the  con- 
stituents of  the  mixture  may  eventually  be  isolated,  although  at  a  great  expense 
of  time,  labour,  and  material.  The  lower  terms  of  the  series  may  be  separated 
in  a  similar  manner  by  means  of  the  mWer  salts,  but  a  move  aatidhctory 
method  is  to  neutralize  the  mixture  and  to  add  sufficient  sulphuric  or  hydro- 
chloric  acid  to  liberate  only  a  portion  of  the  organic  acid,  which  is  then  distilled 
off,  a  fresh  portion  of  acid  a  Ide  1,  and  the  liberated  organic  acid  distilled  oft',  aw  X 
SO  on.  The  acids  of  higher  molecuW  weight  being  the  weaker  are  first  liberated, 
and  by  properly  adjusting  the  amount  of  aoid  added,  and,  if  neoessary,  tientraliz- 
-iDg  the  dtstilktea  and  treating  them  in  a  similar  manner,  the  presence  of  several 
volatile  fatty  acids  in  a  mixture  may,  without  great  difficulty,  be  e«itabli«heJ. 
From  a  mixture  of  volatile  acids,  that  of  highest  molecular  weight  passes  over 
first  on  distillation,  and  this  property  also  atibrds  a  means  of  separating  the 
homologous  acids  ^coinp.  Fitz,  Dtut.  chem,  Gc4.  Ber.,  xl.,  44.) 
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at  2 6 S'— 270°  f5l4°*4— 5iS°  F.)  with  but  little  alteration  (Grimm).  Baric 
caprate  crystallizes  in  brilliant  anhydrous  plates,  difficultly  soluble  even  in 
boiling  wat^T.  The  calcio  salt  yield^  the  oorreaponding  ketone  (C,Hj^),CO, 
when  sobmitted  to  drj  diirflllation  (Grimm). 

(1734)  LAf  Bic  Acid:  Cj^^O, » C„H^,C00H,  oecnm  aa  glyceric  odi  in 
the  fat  from  the  berries  of  the  bay-tree  (  Tjaurus  nohilis)  and  from  pichnrim  beans  : 
it  has  also  been  obtained  in  small  quantity  Irom  cocoa-nut  oil,  spermaceti,  and  a 
number  of  other  fatty  substances.  It  is  insolulile  in  water,  but  crystallizes  from 
alcohol  or  ether  in  white  silky  needles  melting  at  43'''6  (i  lo''  ^  F.);  it  partially 
deoomposee  on  dictUbtion.  Ito  ealoio  salt  is  taid  to  yield  the  oonwponding 
ketone  on  dixtillation. 

(1735)  Myristic  Acip  :  JT^^O^  =  C„Hj,.COOH.— The  ^'lyceric  salt  of  this 
acid  is  contained  in  the  fat  of  tlie  uuUwe^  { Mi/risdca  fragrans]  and  other  sj)eoies  of 
myristieea},  and  in  especially  abundant  in  dika- bread »  the  fruit  of  the  Many^fera 
gabonetmt,  n  tree  growing  on  the  vent  ooeet  nf  AAriea.  Myristio  add  has  also 
been  obtained  firom  many  other  fata,  as  bntter,  eoeoanint  oil,  nad  qpennaeeti, 
whioh,  however,  yield  it  only  in  t>mall  quantity.  It  is  insoluble  in  water  and 
ether,  but  soluble  in  alcohol,  from  which  it  crystallizes  in  shining  laminae,  melt- 
ing at  53*''8  (i28'''9  F.).  It  partially  decomposes  on  distillation.  Its  calcic  salt 
is  sa  il  to  yield  the  con'esponding  ketone  on  distillation. 

(1736)  Palmitio  Acid  :  C„H„0,  =  C„H„.COOH.— The  normal  glycerio 
•alt  of  this  add  is  a  oonstitnent  of  most  natural  fate.  In  the  more  solid  animal 
fats  it  is  chiefly  associated  with  glyceric  stearate,  whilst  the  vegetable  oils  chiefly 
contain  glyceric  oleate  in  addition  ;  the  solifl  ]>ortion  of  palm  oil,  the  produce  of 
Eh'is  r/uianensis,  consists  chiefly  of  glyceric  palinitate.  Palmitic  acid  also 
occurs  as  cetylic  salt  in  spermaceti,  and  as  cerylic  salt  in  bees'-wax ;  its  pota^sic 
•alt  ia  prodneed  together  witii  that  of  aoetio  add  when  oleio  add  ia  foaed  with 
potassie  hydrate.  It  UAjr  be  pcepared  by  saponiffisg  Ami  solid  portion  of  palm 
oil  by  boiling  it  with  a  eolation  of  potassie  or  sodic  hydrate,  decoropodng  the 
resulting  soap  with  sulphuric  or  hydrocliloric  acid,  and  repentedly  crystallizing 
the  separated  fatty  acid  from  alcohol  until  it  exhibits  a  constant  melting 
poiitt. 

Fdmitic  acid  is  a  taatolcaa  odonrieia  anbatoiMMb  imdnble  m  water,  bofc  it 
readily  disaoWes  m  hot  alcohol  or  ether,  yieldmg  acid  aolutions ;  it  crystallizaa 

from  dilute  solutions  in  tttfta  of  slender  iModlet,  melting  at  63*  (i43'*'6  F.) ;  the 
fused  acid  solidifies  to  a  mass  of  nacreous  laminjB  on  cooling.  It  may  be  dis- 
tilled almost  without  change.  The  normal  prdmitates  of  pota*isium  and  sodium 
readily  dissolve  in  a  small  quantity  of  hut  water,  forming  solutions  which  gela- 
tinize on  oooling ;  they  are  also  fredy  sdaUe  in  hot  aloohol,  crystallizing  from 
the  solution  on  cooling  in  naereous  laminsa.  On  adding  water  to  their  oonoen- 
trated  aqueotis  solutions,  crystalline  hyperacid  saUs,  such  as  the  salt 
KC,,Hj,0^  C,jHj^<  >j,  corres{x>TKHng  to  the  hy|>eracid  acetates,  are  precipitated. 
The  salts  of  otiier  metals  are  insoluble,  and  are  obtained  from  those  of  tbealkali- 
met-als  by  double  decomposition.  The  calcic  salt  furnishes  the  ketone 
(Cj^H„),CO  on  dry  distillation  ;  this  crystallizes  in  pearly  scales  or  lamina,  mdt- 
ing  at  84"  (183"' 2  F.) ;  on  oxidation  with  chromic  acid  liquor,  it  appears  to  yidd 
chiefly  myristic  acid  together  with  lower  aeids  of  the  aeries  (liercz,  Ann*  Oieas. 
Pharm.,  clxxxvi.  266). 

(1737)  Maboxeic  Acid:  C,^H,^0,  =  Cj^H^COOII,  is  not  known  to  occur 
naturally,  the  so-called  roargaric  acid  obtained  from  natural  fats  having  been 
shown  by  Hdntz  to  be  a  mixtare  of  stearic  add  with  other  lower  adds  of  tho 
series,  chiefly  palmitic  acid ;  it  has,  however,  been  prepared  by  displacing  the 
OK  group  in  cetylic  aloohol  (1453)  by  COOH  in  the  usual  manner  (Hdnts 
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Pogg,  Ann.,  cii.  272).  The  acid  thus  produced  closely  resembles  palmitic  aoid» 
but  mdU  at  69'  9  (i57*-8  F.). 

(1738)  Stbabio  Acij>:  C,JB[^0,»«CaH„.COOH.— This  acid  oooofs  M 
glyceric  salt  in  most  fats  and  oils,  beiag  Mpecially  abundant  in  the  luore  solid 
fats,  such  as  beef  and  mutton  suet.  The  so-called  stearin,  used  in  the  manul«ic- 
ture  of  stearin  candies,  is  a  mixture  chieHy  of  palmitic  and  stearic  acids,  pre- 
pared by  pressing  the  mixture  oi'  acids  obtained  from  the  harder  animal  fats 
fint  in  the  oold  and  then  at  temperatures  up  to  30* — ^40°  (86^ — 104**  F.),  in 
order  to  nmoTO  oleic  acid  and  acids  of  low  melting  point.  Pure  stearic  add  is 
beet  prepared  from  this  mixture  by  dissolving  4  pts.  of  it  in  such  a  quantity  of 
alcohol  that  nothing  will  separate  out  on  cooling  even  to  o**  (32"  F.),  and 
adding  a  boiling  alcoholic  solution  of  l  pt.  magnesic  acetuto  to  the  hot  liquid ; 
the  magnetic  salt  which  separates  on  cooling  is  pressed,  and  then  decomposed 
by  boiling  it  for  some  time  with  a  considerable  quantity  of  dilate  hydrodilorie. 
add,  and  the  still  impure  stearic  add  thos  obtained  is  repeatedly  cryetaliiaed 
from  alcohol  until  it  exhibits  a  constant  melting  point 

It  crystallizes  in  nacreous  laminse  or  needles,  melting  at  about  69° 
(6i5°'2  F.);  mixtures  of  stearic  acid  with  another  solid  acid  of  the  series, 
however,  fuse,  not  at  the  medium  fusing  point,  but  mostly  at  lower  tempera* 
tnrea,  often  even  bebw  that  of  the  more  fuaible  add.  A  laige  nnmber  of  obeer* 
▼ations  on  this  subject  have  been  made  by  Hebts.  Stearic  add  expands  very 
strongly  when  heated,  especially  at  the  moment  of  fusion.  It  may  be  dit»tille<l 
unchanged  under  reduced  pressure,  or  in  a  current  of  steam  heated  to  250* — 350° 
(482*'— 662**  F.),  and  oven  if  distilled  under  the  ordinary  pressure  it  is  lor  the 
most  part  unaltered,  the  small  quantity  which  is  decomposed  yielding  apparently 
knrer  adda  of  the  eeriea  and  ketonee ;  bat  when  several  timee  distilled  under 
pnesure  in  a  closed  tube  it  is  entirely  decomposed,  yielding  water,  CO,  and  a 
complex  mixture  of  corresponding  hydrocarbons  of  the  paraffin  and  olefnie  series 
from  the  lowest  term  upwards  to  (',,11,,  and  (.',.1L„  (Juhnston,  Jvur.  Chem.  Soc, 

^  1  J        3  al  ♦  5        ISO  ^ 

xxLx.  8).  Stearic  acid  appears  to  iuruihh  chlorinated  derivatives  when  sub- 
mitted to  the  psolonged  aetion  of  chlorine  at  100''  (212°  F.) ;  on  oxidation  with 
nitrio  add,  lower  adds  of  the  series  and  acids  of  tho  soonnie  series  are  said  to  be 

formed.    The  normal  stearates  of  alkali-metals,  Uko  the  corresponding  palmi- 

tates,  are  soluble  in  water  and  alcoiiol,  crystallizing  from  the  latter;  they  are 
decomf>osed  by  a  large  quantity  of  wattT  with  formation  of  hyperacid  salts.  The 
stearates  of  other  metals  are  mostly  insoluble.  Calcic  stearate  is  said  to  I'urnish 
the  oone^KMiding  ketone  on  dry  distiUatioo. 

(1739)  Abaohidio  Acid:  C^H^0,=  Cj^H^.COOH.— The  glyceric  salt  of 
thia  add  ocean  in  oil  of  earth-nut,  tbe  produce  of  ArachU  hypogaa,  a  legu- 
minous  creeping  plant,  indi<^enous  to  India  and  the  coa:sts  of  South  Africa  and 
South  Amcricii.  Aradiulic  ucid  crytitallizes  from  alcohol  in  very  small  shining' 
scales,  melting  at  75  (1^7^  i<\)  (Gorsmauu,  Ann,  Chem.  Fharm.,  Ixxxix.  i; 
loviL  257). 

(1740)  Bmnxo  Acid:  C^H^p,  =  C,jH^.COOH.— The  glyceric  salt  of 
this  acid  is  said  to  occur  in  the  oil  expre-siied  Irom  the  .fruit  of  Moringa  nuar 
hehen.    The  acid  itself  is  a  crystalline  substiincc,  melting  at  76''  (i68°'8  F.). 

(1741)  Acid:  C\jU,^0^  =  Cj,H^,.CUUH  — According'  to  Cariu:* 
ijtbid.t  cxtiSx.  168},  this  acid  is  present  as  glyceric  salt  in  the  fatty  substance 
oontdned  in  the  glandular  pouches  the  striped  hytena  {JIt/(9na  ikiaia).  It 
is  8ud  to  resemble  ceiotio  add  in  iu  propertiee,  and  to  mdt  at  about  177^ 
(350^-6  F ). 

(1742)  Ckbotic  Acid:  C,,1Ij/X  ^  Cj,,H^,. COO II,  is  the  essential  constituent 
of  the  portion  of  bees'- wax  which  is  soluble  iu  boiiiug, alcohol;  it  also  exists  a* 
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eoTlio  eerolatt  in  ChineM  wu,  nay  be  Ibrmad  bj  oddatioii  of  oajbe 
alcohol  (1453).  by  fuaion  with  potaniic  hydrate.  It  crystallize*  from  alcohol  m 
amall  grains,  melting  at  78"  (i  72''-4  F.) ;  the  pure  acid  distils  without  alteration. 
By  exposing  the  melted  acid  to  the  action  of  ohkrine  for  aereral  days  a  chkwo- 
acid  of  the  formula  ^-',tH^,CIj,0,  is  formed. 

(1743)  Melissic  Acid:  C^H^O,  -  C^H^.COOH,  is  obtained  by  oxk 
of  myricylic  alcohol  (1853)  by  heating  it  with  potaah-lime.  It  closely  reM 
cerotto  add,  but  melta  at  about  89°  (i  92^*2  F.). 

In  the  following  table  the  various  horaologous  and  iKK 
morio  nrids  of  known  boiling  point  are  arranged  in  four  groupe 
of  normal  primary,  isoprimary,  secondary,  and  tertiary  acids.  On 
compariDg  the  boiling  points  of  the  strictly  homologous  acids  in 


CH.O, 


CAOt 


C,H,0, 


C,Hm0, 


C,H„0, 


C.H.,0, 


H 

COOH' 

RP.  100* 

CH, 

iooH 

B.K  ii8* 

B.P.  f  40^7 

C  IT* 

COOH 

iooH 

BP.  i6t*'4 

B.P.  154* 

GH^aHf 

COOH 

COOH 

COOH 

B.P.  185* 

B.P.  175' 

B.P.  173° 

C^Hii 

toOH 

COOH 

B.P.  eo5* 

B.P.  199* 

B.P.  196* 

CjHJi 

COOH 

B.P.  aa4' 

C,H|g 

^OOH 

B.P.  (?)  936* 

COOH 

iooH 

B.P.  n^' 

B.P.  94$* 

COOH 

B.P.  ft68'— 970* 

C(CH,), 

COOH 
B.P.  i63'-8 

C(CH,yCA) 

<^OH 
B.P.  f  87* 


COOH 
B,P.  about 
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the  first  group,  h  will  be  seen  that  the  ditference  bct^vecn  the 
saccenive  terms  ia  the  case  of  the  secondi  third,  fourth  and  fifth 
members  is  approximately  equal,  being  about  22°  C  ;  the  difference 
between  successiTC  terms  then  diminishes,  but  the  differences  are 
so  irv^nlar  that  it  appears  probable  that  the  boiling  points  of 
the  lower  terms  have  been  incorrectly  determined.  The  terms 
in  the  other  series  are  too  few  to  admit  of  comparison. 

(1744)  Ethereal  SaUe  derwed  from  Acids  uf  tke  'Aeetie 
Series. — i.  The  acids  of  the  acetic  series  enter  directly  into 
reaction  with  many  alcohols  of  Tarious  degrees  of  hydrici^  to 
fonn  normal  and  basic  ethereal  salts,  the  change  taking  place  in 
many  cases  even  at  ordinary  temperatm^  ;  thus : 

CH,.COOH  +  C,H,.OH  =  CH,.COOC,H,  +  OHy 

AMtfeadd.  ,        ■UvSealaokoL  BilijIicMM. 

CH,.COOH  +  C,H,(OH),  =  CH,.C00CjH5(0II),  +  OH,. 

AoittoMid.  QYftmA.  GlfOflrlotMiMOttate. 

sCH.COOH  +  C3H,(0H),=  (CH,.C00)3.CJI.(0H)  +  2OH4. 

Acetic  add.  Qljo«roL  GiTceric  dIaceUt«. 

Water  being,  however,  a  product  of  the  reaction,  the  "  etherifica- 
tion''  is  never  complete  in  consequence  of  the  occurrence  of  the 
reverse  change ;  for  example : 

CHg.COOC.H,  +  OH,  =  CH3.COOH  -I-  C2H5.OII. 

EthyUc  acetate.  Acotic  acid.  Etbjllc  alcohol. 

The  extent  to  which  these  opposite  reactions  take  place,  and  hence  the 
amount  of  ethereal  salt  IbrinuU,  as  well  as  the  degree  of  rapidity  with  which  it  is 
produced,  appear  to  Taiy  according  to  the  nature  of  the  reaoting  aobetanoea,  the 
relative  anmiinte  employed,  tiM  tenpentoie  to  whieh  the  mixture  ta  heated,  and 
the  time  during  which  it  is  heated.  Berthelot  and  Pean  de  St.  Gilles,  from  a 
iseries  of  experiments  with  acetic  acid  and  several  primary  alcohols  of  the  ethylic 
series,  came  to  the  conclusion  that  the  araotints  of  ethereal  salt  produced  on 
heating  mixtureii  of  the  various  alcohols  with  acetic  acid  iu  simple  molecular 
proportions,  and  also  the  rapidity  with  whhsh  the  iMCtiont  took  place,  varied 
only  within  verj  namnr  limita.  The  more  extended  aeriee  of  oheenratione 
reoantly  published  by  Menscbutkin  {Deut.  chem*  Get.  Bw.,  z.  1728,  1898), 
however,  show  that  this  in  not  the  case,  the  discrepancy  between  his  results  and 
those  of  the  before-named  observers  bfing  apparently  due  to  the  fact  that  tiie 
latter  did  uot  uoutiuue  the  beating  sufficiently  long.  The  method  employed  by 
Meneehutkni  oonaiitedia  heating  mixtoree  in  as  nearly  as  poaeiblB  aimple  mole- 
eokr  pfoportiona  of  the  oarefhlly  purified  aleohol  and  toetie  idd  in  dosed  tubes 
of  I  c.a  ca|)acity  more  than  half  filled  with  the  mixtuni}  the  heating  being 
effected  in  a  bath  of  glycerol  maintained  as  con>t  intly  as  possible  at  a  tempera* 
tare  of  153" — 154**  (307'''4 — 309^  2  F.).  Tlie  amount  ot  chani^e  taking  place 
in  a  given  lime  was  a«cvrUiiaed  by  taking  the  tubes  from  the  bath,  cooling  them 
qui^y,  and  determining  the  leddoal  add  in  the  mizton  by  titiaaon  with  a 
•dution  of  barie  hydrate. 
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^  The  initial  rate  of  chanrje,  that  is  to  say,  the  pemti«e  of  acid  converted 
into  ethereal  salt  in  the  first  hour,  and  the  limit  ofchanqe  or  gnnitt^st  percentage  of 
aoid  ultimately  converted  into  ethereal  salt  by  prolonged  beating,  for  a  number 
of  prinaiy  aloolioby  an  given  in  the  following  table; 


Mhm  of  ethereal  salt  formed. 

Initial  rate  of 

chanjfo. 

Limit 
«f  ehMsa. 

Methylio  acetate 
Ethylic  „ 
Propylio  „ 
Isobutylic  „ 
^lormal  ootylio  « 
Cetylio  „ 
Ally  lie  „ 
Beuzylic  „ 
Cinnamio  n 

57-25 
46O0 

46-39 

4S'4o 
4656 

36-  80 

37-  77 
3721 

71-45 
69*6i 

70-90 

73-46 
82-24 

87-17  m& 
6188  • 

63-97 
6458 

In  considering  the  rate  at  which  etlierifioation  takes  place,  Henachutkin 

distinguishes  the  absolute  from  the  relative  rat«:  the  absolute  rate  being 
expressed  by  the  proportion  which  the  amount  of  aciid  or  alcohol  entering 
into  reaction  bears  to  the  whole  amount  employed;  and  the  rvlative  rate 
by  the  proportion  it  bean  only  to  the  amount  iHiidi  can  take  part  in  the 
reaction,  that  is  to  say,  to  the  limit  of  change.  Methylio  alcohol  ia  aharply 
distinguished  from  its  iiomologues  by  its  lii|j:li  initial  rate  (absolute  rate  — 57*25; 
relative  rate-801);  the  three  strictly  homologous  alcoliols,  ethylic,  normal 
propylic  and  normal  octylic  alcohols  etherify  at  the  same  initial  rate,  but 
apparently  isoprimary  butylio  alcohol  is  attacked  at  a  slightly  lower  rate ;  as  the 
heating  is  oontinued,  however,  the  aloohds  of  higher  moleoolar  weight  appear  to 
enter  into  reaction  to  a  greater  extent  than  those  of  lower  molecular  weight,  ao 
that  it  uiay  be  concluded  that  the  rate  at  which  the  primaiy  alcohols  of  the 
ethylic  series  enter  into  reaction  with  acetic  acid  iocieasea  with  increase  of 
molecular  weight.    Thus : 

I  hoar.  9  hoars.  4  hoart.  1  honm.  4%  hours. 

Ethylic  alcohol    .    46  60  56  22  63-26  65-28  66-98 

Propylic    „    .    .    4639  56-62  6283  6735  6913 

IsobutyUe^   .   .    45*40  5595  62*68  66-19  Ti'o 

Oetylio     „   .   .    46-56  5778  65-08  68-53  8065 

The  relative  initial  rate,  however,  diminishes  in  a  regular  manner  with  increase 
of  moleeoiar  weight,  the  diminution  being  about  1*8  per  cent,  for  eauh  additional 
atom  of  oarbon  in  tlM  esse  of  the  normal  primary  aloohob;  thus; 

Found.  Cdculatsd. 

Ethylic  aleohd   66-94  67*0 

Propylic    „      .......  65-43  65-2 

Isobutylio„    6 1 'So  63-4 

Octylic     „   56-61  562 

laofrimaiy  butylio  aleoM,  H  wffl  be  obienred,  in  this  nopeol  also  behaves 
somewhat  difTcrently  firom  tho  homologous  alcohols.  The  nlatiTe  ntsa  of 
duHige  on  further  heitiag  appear  also  to  diminish  with  inoreasa  of  moleenlar 
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weight,  but  the  nmnher  of  obtermtions  m  jtl  nacb  to  determine  thia  ia  few. 
If  «aoh  be  the  case,  however,  the  time  required  to  attain  the  limit  should 
be  louger  the  higher  the  molecular  weij^ht  of  the  alcohol ;  and  actually  it  ia 
found  to  be  so,  methylic  alcohol  attaiuiii^'  the  limit  after  between  48  and  72 
boon,  ethylic  alcohol  aitor  72  hours,  and  prupylic,  isobutylic  and  octylic  alcohol 
only  after  96  hoon.  Fxom  ethylic  «leohol  upwards  the  limit  appear*  to 
iaeraiHe  in  a  regular  manner  by  about  a  per  cent ;  the  limit  for  oetylio  alcohol 
is  lower  than  that  calculated  on  thii  asitumption,  but  Menaohiitkiii  is  inclined 
to  regard  the  value  at  pre^tent  assigned  to  it  as  too  low. 

The  unsaturated  primary  alcohols  exuinined  difVor  very  slitjlitly  in  their 
mitial  rates,  but  the  absolute  rate  at  which  etherilic-atiou  takes  place  is  cousider- 
tbly  lower  (by  aboot  10  per  cent)  than  ibr  the  aatinrated  alcohols;  thus : 


Allylic  alcohol   36*80  59'40 

Beuzylic    „    3777       59  04 

Cinnamic  „    37  21  "i?^! 

The  secondary  alcohols  of  the  ethylic  series,  however,  exhibit  still  lower  abeoluto 
initial  rates : 

Dimethylcarbinol  .    .    .    .    ;   25*72 

Methylethylcarbinol   2  2 '6  2 

Hethylisopropylcarbinol   19*62 

Methylbutylcarbinol   19*13 

MethylhezyloarlHnol   I9'3^ 

But  it  will  be  observed  that  whereas  in  the  case  of  the  primary  alcohols  only 
methylic  alcohol  is  etherified  with  greater  rapidity  than  any  other,  in  the  case 
of  these  secondary  alcohols,  the  first  two  terms  are  more  rapidly  acted  on  than 
any  of  the  higher  humologues.  Again,  whereas  with  the  primary  alcohols  the 
abadote  rats  of  change  is  nearly  the  same  for  the  various  homologues  during 
the  earlier  hours,  and  incnasea  only  i^er  some  emisidersblc  time  with  increase 
of  molecular  weight,  the  secondary  alcohols,  which  enter  into  reaction  at  the 
same  initial  rate,  very  soon  manifest  diilVrent  rates  ;  the  rat<^s  at  which  change 
takes  place  during  the  second  and  later  hours  being  in  all  cases  absolutely 
greater  lor  the  secondary  alcohols  than  lor  the  correspouding  primary.  For 
example,  in  the  first  two  hours  56*65  psr  cent  of  propylic  and  36  90  per  cent 
of  isopiopylio  alcohol  are  etherified;  during  the  first  hour,  however,  46*39  P^r 
cent,  of  propylic  and  25*72  per  cent,  of  isopropjiic  alcohol  enter  into  reaction 
with  the  acid,  whereas  during  the  second  io"23  per  cent,  of  propylic  and  i  i'l8 
per  cent,  of  isoproj)ylic  alcohol  are  converted  into  ethereal  salt.  Again,  in  the 
first  four  hours  the  smouut  of  propylic  alcohol  acted  upon  is  62  83,  and  of  iso- 
prupylic  52*82  per  csot;  but  in  the  first  two  hours  56  65  and  36-90  per  cent 
respsctivaiyare  etherified,  so  that  in  the  following  two  hours  only  6.21  per  cent 
of  the  normal  alcohol  as  converted  into  ethereal  salt,  the  amount  of  secondary 
alcohol  changed  being  three  times  as  great  ( 1 592  percent).  Although  the 
rates  of  change  during  the  earlier  hours  are  greater  for  the  secondary  alcohols 
of  lower  molecuhu:  weight,  iis  the  heating  is  continued  their  rates  of  change 
become  Icia,  while  those  of  higher  mol*  wt  enter  to  a  greater  extent  into  reac- 
tion with  tiie  acid,  and,  after  heating  about  36  hours,  about  equal  amounts  of 
all  the  Tarioaa  alcohols  are  conrerted  into  ethereal  salts.  From  this  point  the 
law  is  the  same  as  for  the  primary  alcohols,  the  rate  of  change  increasing  with 
increase  of  molecular  weight.  The  absolute  amount  of  secondary  alcohol  which 
can  be  converted  into  ethereal  salt  by  coulinued  heating  increases  by  about  I't 
per  cent  for  eooh  additional  atom  of  carbon,  being  a  lass  diiEirenec  than  obtains 
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in  the  osm  of  {he  comeponding  primary  alcohols,  of  whioh  alio  a  oonaideiebly 
leiger  amount  can  be  oonverted  into  ethereal  ttalt,  thus : 

Fonnd.  Cilcolttid. 

Dimethjlcarbinol   61*50  61*5 

Methylethylcarhbol   63*43  62*6 

MethyliHopropjrlcarbinol  •  .  ■  •  64*0  637 
MethylbutyltMtbinol    ,    ,    ,    ,    ,        65*74  64'8 

Methylhexylciirbinol   66 '65  67*0 

Two  unsaturated  secondary  alcohols  have  been  examined  by  ]^Ienscliutkin — 
metliylviiiylcai  biiiol  and  diail^lcai-biDol.  Tbey  differ  i'rom  the  saturated  alcohoU 
eontaining  the  eame  nnmber  ol  carbon  atome  in  n  slniilar  manner,  but  to  n  lean 
extent,  that  the  nnaatnrated  dtfier  from  the  aatnrated  priniEiy  aloohobi,  the 
abeolate  initial  rate  of  chanj^  being  15  3 2  per  cent,  for  methylTinylearlnnol 
and  Il'03  per  cent,  for  diallylcarbinol, the  relative  rate«  being  27*52  and  20*49 
per  cent.,  and  the  limit  of  change  55  65  pet  oent.  of  the  former  and  53*66  per 
cent,  of  the  latter. 

Very  little  ia  known  of  the  behsrHNir  of  the  homologues  of  aoelie  neid  and 
other  aeide,  and  aleohob  other  than  thoae  mentioned  abora     Tho  nanlte 

obtained  by  Berthelot  and  de  St.  Gillee  (Ann.  Chim.  Pkjft,,  [3],lxT.  385  j  IxvL  5 ; 

and  Ixviii.  225),  indicate,  however,  that  the  rate  at  which  the  homologous  acids 
of  the  ncotio  serie^^  form  ethereal  salts  diminishes  with  increase  of  mol.  wt.,  and 
alho  that  in  the  c^ise  of  i»ologou8  acids,  such  as  benzoic  acid,  they  undergo  etheri- 
fioation  leas  rapidly  than  aeetio  add*. 

2.  Ethereal  salts  arc  readily  produced  by  the  action  of  the 
acid  lialideSj  and  especially  of  the  acid  chlorides,  on  the  alcohols; 
for  example  : 

CH,.C0C1  +  C,H,.OH  «  CH3.COOC3H,  +  Ha. 

Aeotie  chloride.  Etliylic  alcohol.  Ethylic  acetate. 

In  this  manner  almost  the  theoretical  amount  of  ethereal  salt 
may  be  obtained. 

3.  A  common  method  of  preparing  ethereal  salts  is  to  satu- 
rate a  mixture  of  the  given  alcohol  and  acid  with  hydrochloric 
acid  gas,  the  reaction  being  completed  if  necessary  by  heating 
the  mixture  in  the  water  bath ;  to  purify  the  product,  it  is 
usually  merely  requisite  to  wash  it  with  water,  removing  the  last 
portions  of  acid  by  the  addition  of  a  little  sodic  carbonate,  and 
then  to  dry  and  fractionally  diatil  it.  The  amount  of  ethereal 
salt  produced  in  this  manner  is  considerably  larger,  and  the 
reaction  takes  place  with  much  greater  facility,  than  when  only 
the  alcohol  and  add  act  upon  each  other,  although  the  whole  of 
the  acid  and  alcohol  do  not  undergo  conversion. 

Friedel  {Compt,  Bend.,  htviii.  1557)  baa  endearoored  to  explain  the 
influence  of  the  haloid  add  by  the  assumption  that  it  eonverta  the  acid  into  the 
acid  chloride  and  water,  and  tiiat  the  former  at  the  moment  of  formation  reaeta 
upon  the  alcohol ;  this  explanation  being:  based  upon  the  observation  that  acetic 
chloride,  CH,.COCl,  may  actually  be  obtained  by  the  action  of  hydrochloric  acid 
gas  on  a  mixture  of  acetic  acid  and  phosphoric  anhydride  at  a  temperature  of 
about  80*  (176^  F.),  n  ehange  widoh  Demole  haa  reoently  shown  may  be 
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realized  even  at  o*'  (32°  F.)  {Deut.  chem.  Get.  Ber.,  i.  i  790).  But  as  Henry 
haa  pointed  out  {ibid.,  z.  204 1),  there  is  good  reason  to  doubt  the  correctness 
of  tlik  Mplautaoii.  The  fmnSaon  of  aoetie  ehlorido  fitim  aoafeie*  Mid  tad 
kjdrodikme  acid  in  preaeooe  of  phoiiphorie  anhydride,  indeed,  is  probably 
induced  by  ▼irtae  of  an  bfluenco  exercised  by  the  latter  analogous  to  that  oif 
carbon  in  the  formation  of  silicic  tetrachloride  on  passing  chlorine  over  a  mix- 
ture uf  silica  and  charcoal,  fur  the  haloid  acids  alone  appear  to  be  incapable  of 
converting  the  carboxjl  acidii  into  the  corresponding  acid  halide;  it  may  be 
auppoaed  that  aeetie  and  hydroehloric  aeids  ^  not  enter  into  rsai^on  because 
tbe  fonnation  of  the  aeid  ehlorido  ioToWee  o  0(»islderable  ezpenditore  of  eneigy, 
but  that  it  takes  plaoe  in  presence  of  phoephorio  anhydride  in  consequence  of  tbe 
development  of  more  than  sufficient  energy  to  cover  this  Iohh  by  the  combina- 
tion of  the  water  (which  is  one  of  the  products  of  the  reaction  since 
CH,.COOH  HCl  =  CH,.COCl  +  OH  J  with  the  phosphoric  anhydride  to  form 
metaphosphorie  aeid.  Bat  even  sup^iosing  the  acid  ehlorido  to  be  formed  in  the 
manner  anppoeed  hj  Friedel,  it  would  be  in  ptesenee  of  both  wator  and  the 
alcohol,  and  experiment  shows  that  the  former  would  be  first  attacked.  A  more 
probable  explanation  is  that  the  aU'ohol  and  carboxyl  acid  first  form  an  ether- 
alcohol,  just  as  water  and  the  acid  form  an  acidhydrol  (foot-note,  p.  823),  and 
that  this  compound  is  converted  into  an  unstable  monochlorhydrin,  which 
hrsaks  np  into  the  ethereal  salt  and  hydrooblorio  aeid;  thns  in  the  esse  of 
aoetie  and  and  ethylio  alooholt  the  folloiring  leaotioos  may  be  supposed  to  oeeur 
sQoeeasivsly  t 

CH,.CO(OH)  +  C,H^OH  =  CH^C(OH),(OC,H,) ; 
CH,.C(()H),((X.\H,)  +  HCl  =  CH,.CC1(0H)(0C,HJ  +  OH,; 

In  place  of  hydrochloric  acid,  sulphuric  acid  may  often  be 
advantageously  employed,  the  mixture  of  alcohol,  carboxylic  at  id 
and  this  acid  bcin^'  warmed  for  some  time  in  the  water  hath. 
Its  action  is  doubtless  similar  to  that  of  hydrochloric  acid. 

4.  Another  method  frequently  employed  for  the  preparation 
of  ethereal  salts  derived  from  acids  of  the  acetic  series  and  tlie 
lower  alcohols  of  the  ethylic  series  is  to  act  upon  a  salt  of  the 
acid;  usually  the  sodic  salt,  with  an  acid  ethereal  sulphate  such 
as  hydric  ethylic  sulphate  ;  for  ejiample  : 

CH,.COONa  +  C,H,.HS04  «  CHj.COOC,H,  +  NaHSO^. 

Bodia  aosMs.        Etbylio  bydrto  sulphate.        Btbylle  sMtattu 

5.  The  haloid  derivatives  of  hydrocarbons,  such  as  iodethane 
and  a-dibromethane,  for  exampb^  also  enter  into  reaction  with  the 
metallic  salts  of  acids,  especially  silver  salts^  in  a  similar  man- 
ner ; thus : 

CH^COOK  +  C^H.Br,  =  CHg.COOaH.Br  +  KBr. 

PoUsaic  aceut«.        Elhylenic  bromide.  Bromothjlie  acetate. 

iCHg.COOAg  4-  CJI.Brg  =  (CH3.COO)2C2H^  +  aAgBr. 

Argentic  acetate.  Ethyleuic  bromide.  Ethjlenio  aeetat«. 

A  very  large  proportiou  of  the  ethereal  salts  are  liquids^ 
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chiefly  those  derived  from  polyhydric  alcohols  being  solids  ;  many 
of  the  former  possess  characteristic  fruity  odours.  With  few  ex- 
ceptions, they  are  either  difficultly  soluble  or  insolul)le  in  water, 
but  readily  soluble  in  alcohol  and  ether.  In  contact  with  water 
at  ordinary  temperatures,  they  either  rcmaiQ  unchanged  or  un- 
dei^O  decomposition  only  to  a  very  sliglit  extent,  but  they  are 
more  or  less  readily  resolved  into  the  alcohol  and  acid  on  heatiii^ 
with  water,  this  change  being  greatly  facilitated  by  the  presence 
of  a  mineral  acid  or  of  an  alkali;  they  are,  however,  much 
more  readily  acted  npon  by  water  than  the  ethexa  such  as  elhylic 
oiide  (CgH^,0. 

(1745)  EtHBBBAL  SaIAS  nBElTBD  FROM  THK  AciDS  OP  TBB 

AcBTic  Sbbies  and  Monohtdric  Alcohols. — The  following  table 
is  a  list  of  the  ethereal  salts^  at  present  known^  derived  fr 
these  acids  and  the  alcohols  of  the  ethylic  series : 

&p.«a  ao.ift^a. 
33*4 

•956 


Mrthylio  fonnsto 


>» 


M 
M 
M 


butyrate  . 
itobutyrate 

trimethacetattt 

nonylate  . 
decylate  . 


EtbjUc  formate 
M     soetstd  < 


n 

n 
»» 

ft 


H 
ft 


propioiuiftA . 
bntyrste 

iRobutyratft 

valerate 
isoviilerate  . 
triiut'thucetate 

eaproate  . 

iMCSprosfts* 

Heptylate  . 

oct^late 
nonylate  • 
deqylate  • 


Propylic  formate 


{ 


56-3 

530 
96 

93 
116 

lOI 

214 
224 


Eopip^ 


549 

54'4 

743 
77-0 

I21'0 
113 

145 

i35'5 
118-5 

167 

166 

161 

i  189-3 
\  188 

208 

22S 

83 
103 


•909 

•905 
*9oi 

•876  (i7"-5) 


•944 

•910 

•906  ds^') 

•8945(17'^) 
•899  (i;-) 

'890 

•894 

•886 

•87s 

•8765  (i7°'5) 
'890 

•887 

•888 

•«735  (16°) 
•873(16°) 

•8655  {if'S) 

•920 
•910 


Dittmir. 

Kopp. 
Pierre  and  Pnchot. 
Eopp. 
Butlerow. 
Ziadie  aod  Franehimoiit. 
Grimin. 

Kopp. 

Dittmar. 
Kopp. 
Linnemaon. 


Pierre  and  Pnchot. 
Lieb4>n  and  Rossi. 
Pierre  and  Puchot. 
Butlerow. 
SSneke  and  Fmidimioiit 
Lieben  and  Bom. 

»»  »i 
Lieben  nnd  Janeck. 

Grimabaw  <&  Schorlemiuer. 

Zincke. 
Zineke  and  Frandiimolit 

Fiicher. 

Pierre  and  Pochot. 


•  Tlif  so-called  isoyalcrate^  and  isoamylic  s  Jts  have  all  been  prepared  from 
fermentation  amylio  alcohol,  and  are  therefore  mixtures. 
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Okwrvtr. 

PiNlDvlic  DrnDiotllitB     .  < 

f  1243 
[  1224 

•903 

•8885  (is*) 

Pierre  and  Pudiot. 
linnemann. 

butyrate  . 

1434 

•879  (X5°) 

>» 

isobutyrato  • 

1373 

000 

Pierre  and  Puchot. 

„       iiovalHnte*  • 
iMoropj tio  aoetaie  .  . 

'887 

90—93 

FriedeL 

-  butyrate 

128 

•870 

fiilva. 

'870 
f 

tt 

Amjlio  aeeUte  •   .  . 

149 

•896 

lielMi  and  RoetL 

IgpiiDjU^  formate  • 

116 

•874  (21'') 

Kopp. 

^       acetate  . 

140 

•873  (15") 

Schorlemmer. 

„       isobutyrate  . 

1703 

•877 

Pierre  and  Puobot. 

„  iaovalerate* 

190 

•874 

•t  (t 

Secondary  amy  Uoaeetite 

134  (?) 

'922 

Wmtc 

H«^Ue  aoetttte     •  • 

170 

•889  (i7'-5) 

Fcaoeh.  and  Zmoka. 

„      oapioate    .  . 

H^ptjrlic  acetate     •  • 

245-6 

•865  (i7"-5) 

•t  «t 

•874  (16°) 

^  

vVOMU 

„        heptylate  •  . 

271 

n 

Octylic  acetate  .    .  . 

207 

•872  (16°) 

ZinckOi 

M     iaoralerate  .  . 

250 

•862  (16*) 

M 

M     oetjr]«t«     .  . 

298 

•862  (id**) 

It 

Only  ft  somU  namber  of  ethoKMl  aMlta  derived  from  monoliydrie  eloohola  of 
other  etriea  are  known.  AUylie  fomwte,  aooording  to  ToHens,  bdle  at  82** — 83^ 

and  at  17**  haa  the  sp.  gr.  932  ;  atid.  according  to  Hofuiann  and  Cahoura, 
allvHc  acetate,  butyrate,  aiul  isovalerate  boil  respectively  at  98° — loo**,  140°, 
145^,  and  162°.  The  acetate  derived  from  allyldirnetliylcarbinol  boils  at 
I37°'5  ;  and  at  0°  has  the  sp.  gr.  -900  (M.  and  A.  Saytzeff') ;  while  that 
fermed  from  menthylio  aloohol  (1458)  boik  at  223^  The  only  ethereal  salts  of 
aloobok  of  the  CaH,B_^OH  aeries,  at  pnaent  known  are  propargylie  aeetate, 
which  boils  at  125°,  and  at  1 2®  has  the  sp.  ^r.  i  "003  (Henry)  ;  and  the  acetate 
formed  from  diallyinirbinol,  which  boils  at  169^' 5,  and  at  o"  has  the  sp.  gr. 
•917.  Phenylioact'tate boils  at  (?)  190°,  and  benzylic  acetate  ;it  210**;  a  number 
of  acetates  derived  from  the  homologous  alcohols  have  already  been  referred  to 
in  dMoribing  the  homologuea  of  phenoL 

(1746)  Brartio  FoBKJLn;  Fonme  Wtaf:  C,H,0,  =  H.OOOC,H,. — ^This 
salt  may  be  formed  by  distilling  a  mixture  of  formio  aod  or  sodic  formate  and 
ethylic  alcohol  with  sulphuric  acid ;  ur  by  distilling^  a  mixture  of  ethylic  oxalate 
and  anhydrous  oxalic  acid  in  simple  molecular  proportions  :  the  acid  oxalate 
formed  by  the  interaction  of  these  substances  being  resolved  at  the  moment  of 
fbmayon  into  ethylie  ihrauite  and  earbonio  anhydride:  C0OH.COOC,H,  = 
H.COOC^,-f  CO,,  and  it  ia  in  virtne  of  the  oocarrenoe  of  this  reaetion  that 
etiiylio  formate  is  obtained  as  a  aaoondary  product  in  the  preparation  ethylio 
oxalate  by  distillation  of  a  mixture  of  ef  hylic  alcohol  and  oxalic  acid. 

Ethylic  formate  is  a  colourless  mobile  liquid,  having  an  apn*eeable  punfjent 
odour,  soluble  in  about  9  pts.  of  cold  water ;  it  is  violently  acted  upon  by  chlorine, 
fhrniidiing  a  eeriea  of  snbstitatlon  prodoets.  The  notion  of  sodic  ethylate  and  of 
aodiam  on  this  salt  and  its  homokgnes  will  be  discumed  later  on. 

(i  747)  Methylic  Acetate  :  C,II,0, »  CH,.COOCH,.— Thia  salt  is  a  con- 
stituent of  crude  wood  spirit;  it  may  be  prepared  by  distilling  a  mixture  of 
I  pt.  acetic  acid,  2  pts.  methvlic  alcohol,  and  i  pt.  sulphuric  acid,  but  unless  the 
pare  alcohol  be  employed,  it  is  impossible  to  obtain  it  free  from  acetone.  The 
pave  anlt  may  be  oonveoienUy  obtdned  by  distilling  n  miitiire  of  pore  methyBe 
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oxalate  and  glacial  acetic  acid  with  the  addition  of  A  smftU  quantilj  <^  fhuung 
hydrochloric  acid  (Dittmar). 

It  is  u  colourletis  liquid,  having  an  agreeable  odour,  closelj  resembling 
etbjlie  aoetato  in  all  its  propertiw.  Aooordiug  to  Dittmar*t  exporinientt  {J<mf%. 
dum.  8oc.f  szi.  477)  methylio  aoetate  has  a  lower  vsponr  tension  than  ethylie 
formate  at  temperaliWWt  between  18^  and  80°  C,  the  differenoe  being  eater 
the  higher  the  temperature:  the  diil-rence  at  18°  C,  for  example,  being 
15.3  rnni.,  and  at  78°'7  C.  60  nun.  When  submitted  to  the  actiun  ut'  chlorine, 
methylic  acetate  i'urnibheii  a  hviWh  ol  iiub:>lituiion  derivatives,  and  apparently  the 
whole  of  the  hjdn^n  may  ultimately  be  displaced.  The  first  product  has  the 
formnla  CH,.C00CH,C1 ;  it  baa  a  pungent  suffocating  odour,  and  boils  at  115* 
(239^  F.)>  where;ui  methylic  monoohloiraoetate,  CH^CLCTOOCH,,  has  a  plea.<ant 
oilour  and  boils  at  127°  (26o°'6  F.) ;  it  i*  rapidly  decompr«ed  in  contact  with 
cold  water,  forming  aeetic  and  hydroeiiioric  aci«U  and  apparently  niethaKlehydrol, 
CHg(OH)  ;  it  is  ab>o  readily  acted  upon  by  sulphuric  acid,  potat<sic  acetate  and 
ammonin{HenTj,  Deui.  ekam,  €hs,  Ber,,  ti.  739).  The  eecond  prodnet  of  the 
action  of  chlorine  has  the  Ibrmula  CH,.COOCilCl,,  as  it  yields  formic  and  acetie 
aeida  when  deoompoeed  by  water  (Malaguti).  The  higher  substitution  derivatives 
have  been  very  imperfectly  examined.  According  to  Griniaux  (Bu/l.  Sue. 
Ckem.,  xxii.  74)  the  pentachlorinated  meth\lic  acetiite  of  Clm-z,  formed  by  the 
action  of  chlorine  on  citraten,  and  which  is  also  said  to  be  the  final  product  of  the 
action  of  ehlorine  on  methylic  aoetate  in  the  shade,  is  pentachloraoetone,  formed  ia 
the  latter  case,  from  the  acetone  present  in  the  acetate ;  the  same  chemiet  has 
ahown  that  the  corresponding  product  of  the  action  of  bromine  is  pentabromacetone 
and  not  pentabrominated  methylic  acetite,  and  that  bromine  is  without  action  on 
pure  methylic  acetate  (comp.  Steiuer,  Ueut.  chem.  Gts.  Ber.,  vii.  1284). 

(1748)  Ethylic  Acbtate;  Acetic  Ether:  C^H,0,  =  CH,.C0O0,H,.-Thb 
etliereal  salt  may  be  obtained  by  any  of  the  general  metboda  previoualy  deeoribcd, 
but  it  is  usually  prepared  by  diatilling  a  mixture  of  ethylic  hydric  sulphate 
(attlphovinic  acid)  and  sodic  acetate.  The  following  mode  of  proceeding  is 
reoommended  by  Frankland  and  Duppa  {Chem.  Soc.  Journ.,  xix.  396)  when 
large  quantities  are  retiuired  : — 90  pLi».  of  concentrated  sulphuric  acid  are  placed 
in  a  deep  stoneware  vessel  and  36  pts.  of  97  per  cent,  alcohol  are  allowed  to 
flow  into  it  by  means  of  a  piece  of  narrow  gkae  tube,  paasing  to  the  bottom  of 
the  vessel,  and  connected  with  *  convenient  reservoir  standing  at  a  conaideraWe 
elevation;  this  tube  is  used  as  an  agitator  dviring  the  continuance  of  the  flow 
of  the  alcohol,  and  in  this  way  there  ib  obtained,  without  loss  of  alcohol, 
a  high  temperature  which  greatly  favours  the  formation  of  the  sulphate.  The 
mixture  thus  produced  is  allowed  to  stand  twenty-four  hours  before  use.  and 
b  then  gradoally  ponrad  over  60  pta.  previously  dried  and  fuaed  aodie  aoetate 
broken  into  small  pieeea  and  placed  in  a  still  immersed  in  cold  water,  care  beii^ 
taken  that  the  temperatore  does  not  rise  high  enough  to  distil  oifany  of  the  pn)* 
duct;  after  standing  about  twelve  hours,  the  mixture  is  submitted  to  distillation, 
and  the  product  purified  by  rectification  from  powdered  fused  calcic  chloride. 

EUiylic  acetate  is  n  eolourleMO  mobile  liquid,  aoluble  in  11 — 12  pta.  cold 
water,  and  of  ap.  gr.  '906  at  15**  (59*"  F.);  it  boila  aft  77**  (i7o''-6  F.).  When 
dilated  with  alcohol  or  water  it  haa  a  very  pleasant  fruity  odoor*  but  the  odour 
of  the  pure  compound  is  less  agreeable  and  extremely  pungent.  It  slowly 
decomposes  in  contact  with  cold  water,  and  is  rapidly  decomposed  on  heating 
with  water  or  alkalies,  with  formation  of  ethylic  alcohol  and  acetic  acid  or 
alkaline  aoetate;  ita  dcoompoidtion  by  water,  however,  ia  not  oompleta  nsleea  a 
large  eiceat  of  the  latter  be  emptied  at  a  reUtively  high  temperatttre,  the 
extent  to  which  change  takea  place  at  lower  temperatures  depending  on  the 
temperature  and  the  relative  proportiona  of  the  reacting  aubetancea.  Iti 
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deoompMition  by  water  is  alio  faoilitetod  hj  tbe  pnnwieB  of  lijfdraelikirlo  or 
ralplinric  aaUL 

The  chlorides  of  phosphorus  are  witliout  aotion  on  ethjiic  acetate  at  ite 
boiling-point,  but  it  is  readily  attacked  by  chlorine  with  formation  of  substitu- 
tion-oompounds,  and  it  is  said  that  by  continuing  the  action  in  bright  sunlight 
the  whole  of  the  hydrogen  may  be  displaced  by  chlorine ;  the  retiulting  com- 
ponnds  have  besn  bat  rety  Laper&etij  examined,  howefer.  Aocor^n;  to 
SohStMoberger,  aUght  heat  ia  deralopad  on  mixing  Inomine  with  ethylic  aoetate, 
and  if  a  current  of  dxy  air  be  passed  through  mixtures  of  the  two  aubatancety 
whatever  the  proportions,  a  residue  is  finally  obtained  of  the  composition, 
C^Hg(),Br„.  By  heating  a  mlsttire  of  bromine  and  ethylic  acetate  in  simple 
molecular  proportiout*  in  sealed  tubes  at  i  50  (302  F.J,  broinacetic  acid  pro- 
duoed  in  aeoordaaee  with  the  equation :  CH,.COOC,H,  +  Br,  =  CH.Br.COOH  -I- 
C^^Br  (Crafts);  if  doable  this  quantity  of  bromine  be  employed  and  the 
mixture  be  heated  to  120** — 130°  (248°— 266°  F.),  dibroraacetic  acid  is  formed 
(Carius.  Deut.  chem.  Ges.  Ber.,  iii.  336):  CH,.COOC^,  +  2Br,= 
CIiBr,.COOH  +  C,H,Br  +  HBr.  (comp.  Hell,  ibid.,  xL  245). 

(1749)  Haloobn  Salts  of  the  Acids  or  thi  Acbtic 
StEiBs. — These  salts,  which  were  discovered  bf  Schiitsenberger 
in  1861  (for  a  fbll  description^  see  Leqons  professSe$  en  1868  et 
1869  devant  la  Soeiiti  Chmique  de  Paris),  are  formed  by  the 
displacement  of  the  hydrogen  of  the  COOH  group  by  the  nega- 
tive radicles  CI,  Br  and  1  ;  they  are  produced  by  methods  pre- 
cisely similar  iu  principle  to  those  involved  in  the  formation  of 
the  metallic  salts,  although  they  cannot  be  prepared  directly 
&om  the  acids  by  the  action  of  the  halogens. 

(1750)  Chlobthb  Acnin:  C,H,C10,  ^  CH,.0OOCa,  is  prepaied  by 
paaring  a  current  of  hypochlorooa  anhydride  into  aoetio  anhydride  cooled  by 
water  until  the  liquid  acquires  a  marked  yellow  colour;  tlie  excess  of  hypo- 
chlorooa  anhydride  is  then  expelled  by  carefully  warming  the  solution  to  30" 
(86°  P.).  The  reaction  which  takes  place  is  precisely  analogous  to  that  occur- 
ring in  the  formation  of  argentic  acetate  from  acetic  anhydride  and  argentic 
onda; 

^•^qIo  +  C1,0  =»  2CH3  COOCI, 

Aoelie  onhjdridA,  Clilorioe  Metlte, 

Ch'cO  }  0  +  AftO  »  sCH,.OOOAg. 

Ac«tic  anlvdrid«<  Argeutio  aeeteUi, 

Thm  prepared,  chlorine  acetate  is  a  pale  yellow -colou red  liquid,  poHsessiug  a 
powerful  irritating  odour ;  if  heated  above  100®  (21  2°  K.),  it  detonates  violently, 
being  resolved  into  carbonic  anhydride  nnd  cliloromethane :  CHj.COOCI  = 
CO,  +  CH^CL  It  gradually  decompo^  iu  a  similar  manner  at  the  ordinary 
tempetatnie.  It  dianolTea  in  water  in  all  proportions,  bat  with  deoompontion, 
aoetie  and  hypoehlorona  aeida  being  praduoed.  When  brooght  into  eontact  with 
inetalii,  such  as  copper,  zinc,  mercury,  potamnm  or  sodiam,  it  is  at  once  decom- 
poaed,  chlorine  being  evolved,  and  the  oorreitponding  metallie  aoetate  formed : 
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aCH^OOOCl  +  aNa  «  aCH..COONa  +  CI,. 
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Chlorine  acetate  at  onoe  mutes  with  ethylene,  and  apparently  with  the  homo- 
logons  nlefines,  formin«;  corrt^spondinLT  cliloracetins  ;  fi)r  this  purpose  it  is  ooave- 
nieotly  employed  diluted  with  an  et^ual  weight  o(  acetic  anhydride : 

CH—CH,  +  CH,.COOCl  =  CH,.COO(CH,.CII,Cl). 
BihylMM.  CUontlvlieiMMe. 

(1751)  Bbomin'E  Acetate:  C,H,BrO,  =  CH,.COOBr— On  adding  bro- 
nuiM  to  dilorine  aoetate,  chlorine  is  disengaged,  and  the  ooimpondiDg 
bcomme  salt  is  formed:  3CH..CXXKI+ Br^^ 2CI]^.C00Br+Cl,.  It  appa- 
tantly  resemblet  cbloriiw  aoetate  closely  in  its  properties,  but  la  a  ur  less  staUt 

compound. 

(1752)  loDi.VF.  TuiACKTATF.:  C  JI, OJ  -  (CH,X'()0)J.— ()n  aildinc;  iodine 
to  chlunne  acetate,  it  imineUiatcly  dir^sulves,  chlorine  being  diHcn«^agcU;  and 
when  sufficient^  iodine  has  been  added,  brilliant  oolonrless  crystals  are  depontei 
The  coropoand  thus  prodnoed  does  not,  however,  strictly  correspond  in  conposi* 
tion  to  chlorine  acetate,  but  results  from  the  displncement  of  3  atoms  of  chlorine 
in  3  moli'iuk's  of  the  latter  by  a  K^n^le  atoui  of  iodine,  and  thus  bears  a  relation 
to  chlorine  acvtiite  similar  t<>  Uiat  which  bi»muthio  nitrate,  Bi(NOJ^for  example, 
bears  to  ury;entic  nitrate?,  A;^'N()^: 

6ClI,.C00a  +  I,  »  2(CH,.C00),I  +  3C1^ 

Its  formation  aflbvia  a  most  striking  esample  of  the  tendenetf  of  iodine  to  act  at 
a  triad,  a  tendeney  wb«neby  it  ia  in  a  marked  manner  diatangoished  firom  ehkriae 
and  bromine. 

loiline  triacetate  is  more  readily  prepared  hy  passing  hypochlorotis  acid  ^as 
into  a  luixtuie  of  about  50  yraiu.s  acetic  anhydride  and  15 — 20  graaiH  pure  drj 
iodine,  which  ia  mMntuned  at  the  ordinary  temperatore;  the  reaetioa  is  ter- 
minated when  the  efferveeoenoe  due  to  the  escape  of  chlorine  ceases,  and  the  liqaid 
becomes  decolorized  and  filled  with  a  mass  of  ^midl  colourlesn  coherent  crystal*. 
Thpse  cni'Htals,  which  are  extrem»  !y  sensitive  to  the  action  of  light,  may  be  puriBed 
by  decanting  the  mother-li'^uor,  and  recrystallizin^  from  acetic  auhydride,iu  whkdi 
they  may  be  digttolved  by  warming  to  about  60^  (^40^  •)• 

Iodine  triacetate  forms  lai^  colonriess  prisms,  which  at*once  beooma  pbk 
and  then  brown  on  exposure  to  light ;  it  is  decomposed  by  water  with  formatka 
of  acetic  and  iodic  acids,  and  also  by  alcohol ;  ether  and  benzene  dissdve  it 
without  change.  When  heated  to  about  140°  (284°  F.),  it  decomposes  with 
almost  explosive  violence,  forming  carbonic  anhydride,  iodiue,  and  metbjilic 
acetate. 

Iodine  triacetate  may  apparently  also  be  formed  by  the  action  of  hmUbs 
chloride  on  sodie  aoetate.    In  its  preparation  as  above  described,  there  is  aa 

intermediate  compound  first  prmlmed  in  accordance  with  the  equation: 
2CI/)  +  I,  +  2f('H  .CO)  0  -  KfJl  .('(),),t:i  +  CI,.  This  compound  crystallizw 
in  long  yellow  needles ;  hy  the  action  of  chlorine  acetate  it  is  converted  into 
iodine  triacetate :  l(CH,.c6o),Cl  +  CH,.C00C1  =  I(CII,  COO),  +  CL. 

Butyric  anhydride,  if  submitted  to  the  action  of  hypodalorons  anhydride  or  of 
hypochloruus  ainhydride  and  iodine,  furnishes  analogous  eompoonda  to  the  above 

described  acetates. 

(1753)  Cyanooen  Acetate. — When  acetic  chlorlfie  is  allowed  to  act  upon 
argentic  cyanatr.  decotn|)o»-ition  takes  pUtce  in  accordance  with  tlie  equation: 
CH,  COCI  +  C.NOAg  -  CH,.COO(CN)  +  AgCl,  bat  the  product  i«  a  solid  sub- 
stance,  which  ia  probably  a  polymeride  of  the  compound,  CH,.COONC.  On 
heating,  it  does  not  {famish  a  volatile  product  at  90°  (194°  F.),  but  below  100° 
(a  1 2°  F.)>  a  regular  erolutitm  of  carbonic  anhydride  talma  place,  and  a  mobile 
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ptrngent-anulliDg  liquid  distik  over;  the  distilltte  u  apparentij  a  mixture  of 
methjlM  ^paia£,  CH,.CN,  and  the  aoefeate  CH^COONC,  but  the  latter  oannol 
hf  isolated  by  fractional  distillation.  The  iniztara  liotb  9k  8o°— 85°  { 1 76°— 185** 
P.),  and  on  treating;  it  with  water,  elfervefcence  takes  plaro  owin^j  to  the  escape 
of  carbonic  anhydride,  whilst  actiimidc  is  produced:  Cii,.COO(NC)  +  OH, s= 
CH,.CO(NHJ  +  CO,  (Schutzcubcrger,  loc.  ciL). 

(1754)  Thtoacids  07  THE  AciTic  SsBiBS. — TkioeeUe  add:  C,H^OSs  ■ 
CHgiOO,SH.— These  adds  are  formed  by  the  displacement  of  one  of  the  atoms  of 
oxygen  in  the  actdfl  of  the  aci-tic  series  by  sulphur,  and  are  produced  by  the 
action  of  the  sulphides  of  piiosphorus  on  the  latter ;  thiacetic  acid  is  the  only 
member  of  the  ^ruup  which  has  been  invest i^at*d.  It  is  best  pr<'p.ired  by 
heating  a  mixture  of  300  grama  phosphorus  pentasulphide  and  108  grams 
aoelM  add  in  a  retort,  whidi  it  as  nearly  as  possible  half  ftUs,  until  iwution 
OOmmeoees ;  the  source  of  heat  is  then  removed,  and  only  that  portion  of  the 
product  which  is  volatilized  by  the  heat  developed  in  the  reaction  collected. 
This  product  is  a'^crwards  rectified.  If  the  mixture  be  heated  after  the 
reaction  has  taken  plare,  much  of  the  thiacetic  acid  is  decomposed  by  the  action 
of  the  sulphur  compounds  present.  Thiacetic  acid  may  also  be  funned  by  the 
aetkn  of  acetic  chloride  on  potassie  tbiohydrate:  CH,.C0C1  +  ESH « 
CH,.C0SH  +  KC1;  by  dij^esting  phenylio  aceUte,  CH,.COOC,H,.  with  an 
alcoholic  solution  of  pota»bic  tbiohydrate;  and  by  the  action  of  water  on  acetic 
disulphide,  (C^H,0),8,  (Kekuld  ;  Kekul(5  and  Liunemann,  ^nn,  Chem.  JPAarm,, 
xc.  31 1  ;  cxxiii.  273;  Ulrich,  iljid.,c\x.  272). 

Thiaoetio  add  is  a  colourless  liquid  of  unpleasant  odour,  like  that  of  acetic 
add  and  bydrio  sulphide  together;  it  boils  at  about  93**  (199**4  P.),  but  undergoes 
slight  decomposition.  It  has  the  sp.  gr.  1014  at  10**  (^o**  F.) ;  is  soluble  in 
water  and  alcohol ;  and  does*  not  solidify  when  cooled  to  —  1 7"  ( i*'  ^  F.).  Thiacetic 
acid  furnishes  a  series  of  nit'tallsc  salts  analogous  in  couiposition  to  the 
corresponding  aa^tates;  the  lead  salt,  (Cll,.COS),l*b,  oUtiined  by  precipitating 
a  aolation  of  plumbic  aostate  with  thiacetic  acid,  it  one  of  the  uwet  * 
characteristic :  it  crystallises  from  hot  water  in  colourless  silky  needles,  which, 
howover,  soon  blacken  even  in  the  dry  state.  The  ethylic  salt,  obtained  by 
the  action  of  phosphorus  pentasulphide  on  ethylic  aietate,  boils  at  a! unit  So** 
(176  ).  Tiiiacetic  acid  is  decomjwsed  with  explosive  violence  by  warm  nitric 
acid ;  when  submitted  to  the  action  of  chlorine  gas.  it  yields  acetic  chloride, 
bydvoeblorio  arid  and  sulphur  chloride,  and  it  is  acted  upon  in  a  similar  mannor 
by  pboaphoms  pentadiloride  ;  it  is  also  decompused  by  salphnrio  add.  When 
it  is  mixed  with  aniline,  a  reaction  soon  takes  place,  sulphuretted  hydrogen 
beini;  evolved,  and  eventnallv  a  crystalline  mass  of  acetanilide  Ttnuuns: 
CH^.COSn  +  C^fl^.XH,  -  ('Jl,'.NlliCil,.CO)  +  SH^. 

(17^5)  Acid  Halides  derived  from  the  Acids  of  the 
Acetic  Series. — ^Tlicse  compounds  are  formed  by  the  displace- 
ment of  the  group  OH  in  the  carboxyl  ji^ronp  by  halogens,  and 
are  produced  by  the  action  of  the  haloid  phosphonis  oompoands 
on  the  acids  tlu'raselves,  their  salts,  or  the  corresponding  anhy- 
drides. The  displacement  of  OH  in  the  COO  II  ^'roup  bj 
halogens  cannot  be  affected  by  the  action  of  the  haloid  acids  as 
in  the  case  of  the  earbinols ;  acid  chlorides  may,  however,  be 
obtained  by  the  action  of  hydrochloric  acid  on  the  acids  in  pre- 
sence of  a  powerful  dehydrating  agent  snch  as  phosphoric 
anhydride. 
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Tlie  acid  lialides  mav  also  be  regjanlcd  as  formed  from  the 
aldehydes  by  the  displacement  of  H  iu  the  group  COH  by  a 
halo(]^eii,  and  several  of  them  have  been  produced  in  this 
manner. 

The  acid  halides  are  extremely  active  bodies,  entering  readily 
into  reaction  with  a  large  number  of  other  compounds,  especially 
hydroxyl  and  amidogen  derivatives  ;  they  are  decomposed  even  by 
cold  water :  those  of  lowest  molecular  weight  being  most  readily 
acted  upon. 

Acid  halides  derived  from  formic  acid  are  unknown,  this 
acid  being  completely  decomposed  by  the  haloid  phosphorus 
compoauds;  thus:  H.'cOOU  +  PCl,sCO+2HCl+POCl,. 

(1756)  Acetic  Chloridk;  Chloride  nf  acetyl:  CHj.COCl. — Tin.-?  com- 
pound is  most  readily  prepared  by  addiug  pl)oi»phorus  tricbluride  to  acetic  acid  in 
proportions  in  aooordanra  with  the  eqastioo  3CH,.C00H  +  PCI,  =  3CH,.C0Cl-i- 

H,  PO,,  warming  the  mixture  to  complete  tiie  reaction  and  then  distilliiig;  tte 
pvodnct  merely  requires  a  single  reotifieation.  It  may  be  prepared  in  a  similar 
manner  witli  the  aid  of  phosphorus  pentacliloride  or  oxychloritl<>,  or  by  the 
action  of  each  of  the«e  three  pi  owphorus  compounds  on  tlic  metallic  acetates. 
The  action  of  phosphorus  pentachloride  ou  acetic  acid  is  expressed  by  the 
equation :  CH,.OOOH  +  PCI. »  CH^COQ  POCl, ;  this  Maetion  takaa  place 
with  unreal  readineae  and  maybe  dIbeCed  entirely  without  the  aid  of  beat»  bat  a 
volatile  phoaphorua  compound  being  formed,  this  method  ia  less  well  adapted 
for  the  preparation  of  the  pure  chloride.  When  phosphorus  oxvcldorid--  acts  on 
a  nu'taliic  acetate,  such  as  sodic  acetate,  the  following  reaction  occurs:  PCHJ1,+ 
2Cll,.C00Na  -  2CU,.C0C1  +  NaCl  +  NaPO,. 

Acetic  chloride  ia  alto  formed  by  the  action  of  phosphoru;-  pentadiloride  00 
aeetic  anhydride,  (CH,.CO),0;  by  the  action  of  chlorine  on  aortaldehyde 
(oornp.  1628)  and  by  the  action  of  hydrochloric  ucid  in  preaence  of  phosphoric 
anhydride  on  acetle  aoid  :  this  latter  reaction  takes  place  even  at  o'  (32°  F.) 
(comp.  Friedel,  Comj^i.  Mend.,  Ixviii.  1557 ;  Demole,  Deut.  cheat.  Ges.  £er.,  x. 
1790).  _ 

Am^c  chloride  ia  a  colourkwa,  mobile,  pungent*amelling  liquid,  of  the  sp.gr. 

I.  1305  at  (33*  F.) ;  it  boila  at  55**  (131**  F.).  It  faroea  strongly  in  moisl 
air,  and  i.s  iimnediatelj  decomposed  with  exploeive  violence  when  pkced  in 

oontiet  with  wuter. 

Acetic  Ukomide  or  Bromide  of  acetyl:  CH^.COBr,  is  prepared  in  a  precisely 
aimilar  manner  by  weans  of  the  bromides  of  phosphorus,  and  closely  resembles 
the  chloride,  but  boila  at  Si"*  (177^  8  F.). 

Acetic  Iodide  or  Iodide  ae&tffl:  CH,.COI,  cannot  be  obtained  by  the 
action  of  phosphorus  tri-iodide  on  aeetic  acid,  but  is  produced  by  acting  with 
this  iodide  on  acetio  anhydride  ((Juthrie,  Ann.  Chim.  Phann.,c\\\.  3  ^^),  or 
potansic  acetnte  (Cahourn,  Compf.  Bend.,  xliv.  1 252).  According  to  Guthrie, 
iodine  is  gradually  added  to  a  mixture  of  acetic  anhydride  and  a  slight 
eKoesa  of  phosphorua  $  the  flaak  or  retor  loontuning  the  mixture  ia  then  he«tad 
for  a  short  time  to  complete  the  reaction,  after  which  the  product  i»  distilled  off* 
violently  shaken  with  mercury  to  remove  iodine,  and  rectified.  It  boils  at  108* 
(226°'4  F.),  but  is  partially  deconipoi<ed,  and  therefore  cannot  be  obtained 
colourleiig  in  thi.n  manner;  like  the  corresptuiding  chloride  and  bromide,  it  is 
immediately  decomposed  by  water.    Attempts  to  prepare  diac«tyl  fimnitby  the 
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action  of  metals  havo  been  unsuccessful  :  it  is  violently  acted  upon  by  finely- 
divided  silver,  and  a  li4uid  product  is  ubuined  which  cuusists  almost  eDtirely  of 
aoatie  add  and  aottb  mlijdfida,  mixAd,  hxmwH,  with  a  tmdl  qa*ntiiy  of  w 
eitnaielj  pongcnt-tinalliiig  rabiUiMe,  which  gruloally  decomposes  on  keeping, 
Anilahiii^  a  black  carbonaceous  matter ;  a  solid  product  is  also  formed,  and 
remains  mixed  with  the  argentic  iodide,  which  contains  less  hydrogen  than 
acetic  iodide  and  very  little  oxygeu  (Wiiiliceniu  and  Ponamareii',  JJeut.  c/iem. 
GeM.  Ber.,  iv.  525). 

The  and  balidaa  homologooa  with  thoaa  of  aoetio  aoid  closely  re«einhle  thcae 
lattw  In  thdr  propertieB.    ^c  following  are  known : 


Propionic  chloride     ....  CjjHj.COCl  .  . 

Ph^ionic  hromido  •   .   .   •  C,U^.COBr .  • 

IVcfnonio  iodide   C^^.OOI  .  . 

Butyric  chloride  ......  C\H,-.C0C1  . 

Isobutvric  chloride    ....  (CH,),CH.CXX;i 

Isovaleric  chloride     ....  C^H^.COOl  . 

TrimelhacLti.  chloride    .    .    .  C(CHJ,C()Cl  . 


B.  P. '  C. 

80 

97 
128 

lOI 

92 
115 


(1757)  Acetic  Cyanide;  Antf,l  ryuuide :  CjH^ON  =  CH,.CO.CX.— To 
prepare  this  compound,  a  miiture  of  acetic  chloride  and  argentic  cyanide  in 
equivalent  proportions  is  heated  in  sealed  tub^  lor  one  or  two  hours  at  100° 
(lis**  f It  la  A  colotirlcaa  liquid,  lighter  than  water,  amelling  both  of  acetic 
and  hydrocgraniit  acids ;  it  boila  at  93^  (i  99^*4  F*)*  Wlien  bronght  into  contact 
with  water*  it  gradually  dissolves  in  it,  forming  aoetio  and  hydrocyanic  acids. 
If  it  be  preserved  in  a  corked  tlask,  or  treated  with  solid  pot  isnic  hydrate  or  with 
sodium,  it  is  converted  inio  an  oil  instjhible  in  water,  which  after  a  time  becomes 
cryhtalline.  This  substance  is  also  a  produce  of  the  action  of  acetic  chloride  on 
argmtic  cyanide,  and  is  polymeric  witii  the  liquid  cyanide ;  its  vapour  denuty 
corrsapooda  with  the  formula,  C,H,0^^  It  melte  at  69**  (i56**>2  F.),and  boila 
at  about  208"  (4o6®*4  F.)  (couip.  Fileti,  Veut.  chem.  Ges.  5er.,ix.  82) ;  when 
heated  with  water  in  sealed  tubes,  or  with  concentrated  sulphuric  acid,  it  yields 
acetic  and  hydrocyunic  acids  (liiibner,  Ann.  Chem.  Pkurm.,  cxx.  334;  cxxiv. 
315).  According  to  Claiseu  and  Sliadwell  (Deut.  chem.  Gen.  lier.,  xi.  O21),  when 
well-cooled  acetic  cyanide  la  mixed  with  a  qnantity  of  highly  concentrated  hydro- 
chloric  acid  containing  exactly  the  aaumnt  of  water  required  by  the  inroportion 
CjHjON  :  OH^,  a  crystalline  amide  of  the  compodtion  C^H^O^N  is  formed,  which 
on  digestion  with  dilute  hydrochloric  acid  is  converted  into  an  acid  of  the  0CMn> 
position  CjH^Oj,  closely  agreeing  in  it«  proj>ertie8  with  pyruvic  acid  (q.  v.). 

Isovaleric  cyanide:  C^H^.CO.CN. —  By  acting  on  isovaleric  chloride  with 
argentic  cyanide,  ^ia  cyanide  Is  obtained  aa  a  ccdomrlfas  thidc  fluid  boiling  at 
145*"— 150''  (293^—302**  F.)  (Hilbner,  ibid.,  cxxxi.  74). 

(1758)  Aciu  Oxides  or  Anhydrides  uerivkd  irum  the 
Acids  op  the  Acetic  Series. — The  anhydrides  bear  the  same 
relation  to  the  corresiKJnding  acids  that  tlie  ethers  or  basic 
oxides,  such  as  ethylic  ether^  bear  to  the  corrcspoudiug  moDO- 
hydric  alcohols ;  thus  : 

C,H,.OH;       ^,^}J^jo.  CH,.CO(OH);  ch!co1^- 

BOvUsslMheL       Ethylic  aside.  AssttoaeU.  Aertle  oxide. 

(bt  h} lie  ether.)  (Aoetie  tnhydride.) 

They  are  cliictly  distiuguii>hed  from  the  ethers  by  the  readiness 
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with  which  they  enter  into  reaction  with  water  and  banc 

oxides. 

The  anhydrides  are  nsnally  prepared  by  the  action  df  the  acid 
chlorides  on  metallic  salts  of  the  acids,  the  sodic  salts  being 
most  frequently  employed.  Reaction  takes  place  at  once  on 
bringing  the  two  compounds  together,  considerable  heat  being 
developed ;  to  complete  the  reaction,  the  mixture  ii  heated  for  a 
short  time  and  then  distilled.  If  the  metallic  salt  and  the  acid 
chloride  be  derived  from  the  same  acid,  a  simple  anhydride  ii 
produced ;  tlms : 

CH,.COONa  +  CHyCOCI  =  NaCl  +  (CH,.CO),0. 


But  if  this  be  not  the  case,  a  mixed  anhydride  is  formed : 
CH,.COONa  +  CjH,.COCl  =  NaCl  +  c  h'^CO^^' 

3     7'  i 


The  mixed  anhydrides  may  be  separated  from  the  metaDie 
chloride  by  means  of  pure  ether,  but  not  by  dtstillation,  as  they 
undergo  decompomtion  when  distilled,  being  resolved  into  a 

mixture  of  the  two  corresponding  simple  anhydrides ;  thus : 

CH3.CO  )         CH,.CX))  CH,.CO|  C3HJ.CO) 

C,H,.COr  ^  C^.COr       CH,.COi^  CjH^COj^* 

In  preparing  the  simple  anhydrides,  it  is  not  essential  ta 
first  prepare  tlic  acid  chloride  iu  a  pure  state,  and  then  to  act 
upou  the  metallic  salt  with  it ;  the  two  operations  iiuiy  be  com- 
bined iu  one  by  acting  upon  the  nu  tallic  salt  of  the  acid  with 
piiosphoric  oxyeliloride  iu  the  proportion  of  4  mols.  of  the 
former  to  1  of  the  latter.  From  one  half  of  the  metallic  salt 
and  the  oxychloride  there  is  formed  the  equivalent  amount  of 
acid  chloride  and  a  metallic  metaphosphate,  and  the  acid  chloride 
thus  produced  then  enters  into  reaction  with  the  remaining 
portion  of  the  metallic  salt. 

Simple  anhydrides  may  also  be  piepared  by  digesting  a 
mixture  of  an  acid  chloride  and  the  corresponding  add  in  simple 
molecular  proportions,  as  long  as  hydrochloric  acid  is  evolfed, 
the  product  being  purified  by  fractional  distillation;  dins: 
GH,.COCl+CH3.COOHaHa+(CH3.CO),0.  A  modification 
of  this  method  consists  in  adding  phosphorus  trichloride  to  the 
acid  in  the  proportion  of  i  mol.  to  6  raols.,  the  mixture  being 
subsequently  heated  iu  a  tladi  or  retort  attached  to  a  reversed 
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condenser  ui\til  the  evolution  of  hydrochloric  acid  is  at  an  end> 
and  then  distilled. 

The  following  simple  anhydrides  of  the  series  are  known : 

B.I'.  '  C. 

Acetic  anhydride     ....     (CHj.COjP     .    .  138° 
Propionic  anliydride     .    .    .     (C2ll5.CO)20    .     .  165° 
Butyric  anhydride    .    .    .    ,    (CJI^^COj^o  •    •  19'° — A9J° 
Isovaleric  anhydride*    ,     .     .     (C^Hg.COjgO    .     .  2I5** 
Trimethace tic  anhydride    .    .    [(CH3),C.CO],0   .  190° 

(1759)  Acetic  Oxide  or  Anhydbide:  C^M,0,  =  (C H,.C0),0. — Acetic  an- 
hydridt'  is  most  conveniently  prepared  by  the  action  of  acetic  chloride  oti  either 
acetic  acid  or  t^odic  acetate.  It  is  alxo  formed  on  adding  acetic  ciiluride  tu  baric 
ondni  the  reaction  commenoes  in  (he  oold,  and  is  completed  by  heating  the 
mixture  in  lealed  tnbee  st  100^  (212**  F.).  Galoic  oxide  ie  eetod  npon  with 
Kuch  violence  hj  acetic  chloride  that  it  becomes  red-hot  if  much  of  the  ohloride 
be  added  at  a  time;  plumbic  oxide,  however,  is  but  sliglitly  affected  even  at 
i-,o'  (302'  F.)  (Gal,  Ann.  Chcm.  Pharm.,  oxxviii.  126).  According  to 
BroughLon  {Ukem.  iSoc.  Jouni.,  xviii.  121),  it  may  be  obtained  by  heating  a 
mixtnure  of  plambio  acetate  and  carbonic  bisulphide  in  sealed  tabee  al  X65" 
(539*  R),plumbie  sulphide  and  earbonie  anhydride  being  the  accessory  products. 

Acetic  anhydride  is  a  colourlesa,  mobile,  pungent-smelling  liquid,  of  the 
sp.  gr.  1073  at  20°-5  (68°  9  F.);  it  boils  at  138'  (2So°'4  F.).  \V lien  poured 
into  \vat«r,  it  lall.i  througii  it  in  oily  drops,  wiiieh  however  soon  dissolve,  torra- 
iug  acetic  acid;  alkaline  solutions  decompose  it  much  more  readily,  and  it  is 
also  aefeed  ap<m  by  anhydrous  bade  oxides,  snoh  as  calcto  oxide,  the  corresponding 
metailie  acetate  being  formed.  A  number  of  add  oxides  also  enter  into  reaetioa 
with  it :  thus  with  chlorine  monoxide,  it  forms  chlorine  acetate — a  compound 
which  has  already  Ix  en  described ;  and  wlien  it  is  boiled  with  arsenious  and 
boric  oxides,  syrupy  liquids  are  obtained,  which  solidify  on  cooliiig  to  vitreous 
masses:  the  compounds  thus  produced  may  be  regarded  as  formed  by  the  dis- 
plioenient  of  H  in  the  COOH  group  of  aoetio  acid  by  the  oxygenated  radicles 
AsO  and  BO.  These  compounds,  however,  unlike  those  prodnoad  by  the  agency 
of  the  ba-sic  oxides,  are  all  readily  decom|)osed  by  water. 

Acetic  anhydride  is  dissolved  hy  ethyl ic  alcohol  with  formation  of  ethylio 
acetate,  and  it  eiit(>rs  into  reaction  more  or  less  readily  with  all  alcohols  and 
hydroxy -compounds  in  a  similar  manner. 

It  is  also  readily  aeted  upon  by  ammonia  and  by  many  amines,  forming  acid 
amides;  for  example : 

(CH^00).O  f  aNH,  =  CH,.CO(NH,)  +  CH,.00ONH^. 

AflsHo  anbydride.  Aeetmiide.  AmaaBloaeMate. 

On  passing  chlorine  into  acetic  anhydride  heated  to  100°  (212''  P.).  acetic 
chloride  distils  over,  leaving  monochloracetic  acid  in  the  retort:  (CH^.C())jO  + 
Cl,=  CHj.COCl  +  Cll^CLCUOH  ;  bromine  acts  upon  it  in  a  riimihir  luanner 
even  more  readily,  but  iodine  is  without  action  even  at  200*^  (39^  ^')'  ^ 
also  readily  decomposed  by  hydroohbrio  aoid  gas  at  lOO*  (312*  F.),  aoetio 
chloride  and  acetic  add  being  produced:  (CH..CO),0-l> HCls- CH,.C0C1 + 
CHj.COOH.  Phosphoric  pentachloridc  entirely  couverts  it  into  acctio  chloride  t 
PCI,  +  (Cfl,CO),0  =  2CU,.COCl  +  POCl,. 


*  Probably  a  mixture  of  the  anhydrides  of  idoprimary  and  secondary  Talrric 
acids. 
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When  ft  nizlnn  of  aoeftie  uhydiidB  tad  Aoelie  M  ti  treated  with  eodiinn 
amalgam,  the  hjdrogen  liberated  from  the  aeid  Teduoee  the  anhydride,  oooTertbg 
it  into  ethylie  akuhol.  The  mixed  anhydrides  fonuih  a  mixture  of  the  two 
corresponflin^  ahohols,  acetobiityric  anhydride,  for  exampK  yielding  etbylicaod 
butylic  ah  uliol?!  (Lainemann,  Ann.  C/icm.  P/iarm.,  clxi.  185). 

Zincit-  ethide  acti»  witli  great  violence  on  acetic  aoiivdride,  but  if  a  mixtoreof 
ethylio  iodide  and  aoetic  anhydride  be  dropped  upon  a  quantity  of  rino-aodiom 
alk^,  the  reaction  takee  plaoe  more  gnidnally,  and  is  complete  in  about  30 
hours ;  if  water  be  then  carefully  added,  and  the  miztue  diitiUedy  methyldhyl- 
ketone  is  obtained  (M.  Saytzeff,  Zcits.  Chem  ,  [2],  ri.  104). 

(i  760)  Tkimethacetic  Anhyphide  :  [('(('Hj),.C()J.,0,  obtained  by  heating 
a  mixture  of  triniethacetic  chiuride  and  an  exuehti  uf  potatiiiiu  trimethacelate  in 
eealed  tnbee  at  1 50°  (302°  F.J,  it  a  oolonrieee  liquid,  lighter  than  water,  poMwe 
ing  a  faiut,  peenliar,  but  not  pungent  odour;  it  boihi  at  about  190°  (374°  ^0- 
Cold  water  has  apparently  no  action  upon  it,  and  even  dilute  potassic  hydrate 
sohition  attacks  it  but  sliglitly,  although  it  is  violently  acted  upon  by  a  slightly 
warm  conc^^ntrated  solution  (Butlerow,  Ann.  Chem.  Pkarm.f  clxxiii.  374)* 

(17C1)  Acetic  Thianhydbidb  :  (CH  .CO),S. — This  compound  may  be 
prepared  by  gradually  adding  aoetic  ehloride  to  well-oooled  eryitaUiied 
potartsic  Mulphide.  It  ia  a  colourless  liquid,  of  alliaceous  odour,  boiling  at  i  21 
(a49**'8  F.);  it  is  not  acted  upon  by  dilute  nitric  acid,  but  the  fuming  acid  dis- 
ftolvt^  it,  fonning  aoetic  and  sulphuric  aoidji  (Lnkaacbewicz,  ZieiU,  Chtm,,  [z\  if. 
642). 

(1762)  Acetic  Peboxide:  (CII^.COO),. — This  compound  is  formed  by  the 
action  of  hario  peroride  on  acetic  anhydride,  in  accordance  with  the  equation  x 

CH..CO)^  ^  nrt       CIL.COOl  ^ruinxifw 
*  CH;.C0/^      BaO,  »  ^hIxoo/  *  ^^A^->«- 
Aoetio  aahydiMsL  Anile  peroKMt.      Bario  aMtate. 

In  preparing  it,  the  anhydride  ia  dissolved  in  anhydrous  ether,  and  the  pennride 
added  very  gradually,  as  the  roaotion  is  attended  with  deridopment  of  heat; 
the  solution  ia  then  filtered  from  the  baric  acetate,  the  ether  carefully  distilled 
off  at  as  low  a  temperature  as  possible,  and  the  reaidoe  washed  with  water 

until  the  washings  are  no  longer  acid. 

Arctic  peroxide  is  a  viscid  liquid,  extremely  pungent  to  the  taste;  it  is 
highly  unstable,  and  a  meet  dangerous  substance  to  manipulate,  as  it  explodes 
with  great  violenoe  when  gently  heated.  Like  all  peroiiidea,  it  exhilHte  pro- 
nounced oxidizing  propertitw,  immediately  decolorizing  a  solution  of  snlph- 
indigotic  acid,  converting  potassium  ferrocyanide  into  ferricyanide,  and  liberating 
iodine  from  hydriodio  acid  and  potassic  iodide,  but  it  does  not  reduce  chromic 
or  |)crmaDgaQicr  acid  in  an  acid  solution ;  on  adding  to  it  a  solution  of  baric 
hydrate,  bwic  acetate  and  hydrated  bario  peroxide  are  at  onoe  fimned  (Brodii^ 
Boy.  Soc,  FroiL,  ix.  361). 

MiUjfrie  and  Uotalenc  jieroxidei  have  been  prepared  in  a  similar  manMr» 
and  appear  to  resemble  the  acetic  compound  in  their  prop*  rties  {ibid.,  xii.  655). 

(1763)  Acetic  Disulphidk:  (CHjCOS)^. — This  c<)mi>oond  apparently 
bears  the  same  relation  to  thia<:etic  acid  that  acetic  |)eroxide  bears  to  acetic 
exnd,  and  may  be  produced  by  the  aotiod  of  iodine  on  metallie  aalta  of  thiacetie 
acid  (Keknl^  and  Linnemann) :  2CH,.C08K + 1,  « (CH,.C08),  +  %S1,  or  by 
electrolysis  of  these  salts  (Bunge,  Deut.  chem.  Gex.  Ber.,  iii.  295,  911)1  e.y. : 
2CHj.C0SK  =  (CH,.C08)j  +  2K.  It  forms  large  colourless  crystals,  which  melt 
at  20"  (68°  F.),  and  are  readily  soluble  in  alcohol,  ether,  and  carbonic  bisulphide, 
but  insoluble  iu  water;  it  is  blowly  decomposed  by  cold,  and  quickly  by  boiling 
water,  sulphur  and  thiacetie  and  being  fbnned.   It  cannot  be  distilled. 
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(1764)  Haloid  Derivatives  of  tue  Acids  of  the  Acetic 
Series. — These  are  formed  from  the  unsubstituted  acids  by  the 
displacement  of  one  or  more  atoms  of  hydrogen  in  the  CbH^^j 
group  by  the  corresponding  number  of  atoms  of  chlorine,  bromine 
or  iodine.  The  chloro-  and  bromo-acids  may  be  produced  by  a 
variety  of  methods  which  are  more  or  less  general. 

1 .  By  the  direct  action  of  chlorine  or  bromine  on  the  acids 
themselTcs ;  thus : 

'  CH3.COOH  +  Br,  =  CH^Br.COOII  +  HBr. 

Acetic  add.  Bromocctic  add. 

2.  By  the  action  of  these  halogens  on  the  anhydrides  derived 
from  the  acids ;  e.ff. : 

(CH3.CO)aO  +  CI,  =  CHyCOCl  +  CH3CI.COOH; 

AMlleaiihydzktek  A«lle  oUotid*.  ChkncctlB  add, 

and  also  by  their  action  on  ethereal  salts  of  the  acids : 

CH3.COOC2H,  +  Br,  =  CHjBr.COOH  +  C,H,Br. 

Stbjlic  aoetat«.  Bromaoetic  acid. 

Probably  in  this  and  the  preceding  case,  simple  haloid  derivatives 
of  the  compoond  employed  are  first  produced,  but  are  at  once 
acted  upon  by  the  haloid  acid  formed  simultaneously : 

(CH,.CO).0  +  Br^  =  CHjBr.CO.O.CO.CIIg  +  HBr; 
CH,Br.CO.O.CO.CH,  +  HBr  =  CH,Br.COOH  +  CH,.COBr. 

4.  By  the  combination  of  the  acids  of  the  C.H2b_i.C00H 

«nd  C„H2„_,.C00U  series  (a)  with  haloid  acids,  and  (/3)  with 
halogens : 

CgHj.COOH  +  HI  =  CjHJ.COOH. 

Aeiylle  aetd.  fodopropionie  add. 

C,H,.COOH  +  Br,  ==  CgHjBra-COOH. 

Afliylleadd.  nbnmoproptoiite  aoid. 

5.  By  the  action  of  haloid  acids  on  acids  of  the  lactic 
series : 

CH,(OH).CH,.COOH  +  HI  s  CH,I.GH,.COOH  +  OH^ 

•-BjdmipniiMiieMU.  »-Iodoywplenie  mM. 

6.  By  the  actiou  of  the  haloid  phosphorus  compounds  on 
aci(U  of  the  lactic  series,  the  acid  halide  which  is  formed  beiug 
subsequently  decomposed  by  water: 

CH,.CH  (OH  ).COOH + 2PC1,=CH,.CHCIC0CH- aPOCl, + aHCli 

/I- Hydroxj  propionic  acid.  ^^^^hloroprorionic  chloride. 

CH3.CHCI.COCI  +  OH,  =  CHj.CHCl.COOH  +  HCl. 
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7.  By  oxidation  of  haloid  derivatives  of  alcohols  of  the  ethylic 
series: 

CH,Br.CH6r.CH^0H  +  2(0  +  0HJ  =  CH.Br.CHBr.COOH  +  20H^ 
OflwoBMpranrlio  aJoohoL  DttwomiopropiMik  add. 

8.  By  oxidation  of  haloid  derivatives  of  aldehydes  of  the 

^n^^2a  +  i-COH  series : 

CCI3.COH  +  (O  +  Oiy  =  cel  .. COO  1 1  +  OHy 

Trichlon  thal«leliyde.  TrichUiraottio  acid. 

In  their  «;('iu'ral  ])n)])ertics  llioy  most  closrly  resemble  the 
parent  aeids,  althou'jh  tliey  arc  less  stable  eomj)()un(is ;  in  addi- 
tion, however,  to  what  may  be  termed  the  ordinary  reactions  of 
acids,  many  of  them — espeeially  the  monohaloid  acids — enter 
readily  into  reactions  of  double  decomposition,  exchan^ng  the 
halogen  for  other  radicles.  For  example^  when  heated  with 
water  or  the  weaker  basic  hydrates,  thcv  are  converted  into 
hydroxy- acids,  the  gronp  OU  displacing  the  halogen : 

CH,a.COOH  +  OH,  =  CH,(0I1).C00H  +  HQ; 

Chlonpeflfi  add.  BjrdroiTaodic  (gijoolic)  add. 

in  a  similar  manner,  by  the  action  of  ammonia,  they  are  con- 
verted into  amido-acids : 

CH,Cl.COOIi  +  3NH,  =  CHo(NH,).COONH^  +  Nli^Cl. 

'  CbloraceUc  acid.  Amnionic  amidacetatc. 

Many  of  them,  especially  those  derived  from  the  higher  homo- 
logues  of  acetic  acid  and  those  containing  several  atoms  of 
halogeuj  lose  the  elements  of  one  or  more  molecules  of  haloid 
acid  when  distilled  alone,  or  heated  with  an  alkali,  and  are  con- 
verted into  acids,  or  haloid  derivatives  of  adds,  isologons  with  the 
adds  of  the  acetic  series. 

Haloid  derivatives  of  formic  add  are  unknown,  this  acid 
being  completely  decomposed  by  chlorine  and  bromine,  but  ethe- 
real salts  of  chloroformic  add,  CLCOOH,  and  of  cyanoformic 
add  are  obtainable  (1788). 

(1765}  CuLuuACKTic  Acids. — Acetic  aoid,  eren  if  hcuU'd  to  the  boiling 
pcmitk  u  but  slowly  sioted  upon  bj  ohloriiM  in  the  dark  or  hi  dillbsed  light ;  it 
is  more  rapidly  acted  upon  in  bright  sunthtne,  and  oUnnatelj  sonverted  into 

trichloracetic  acid.  The  chlorination  is  much  mure  readily  eflfected  if  iodino 
chlorido  bo  employed;  and  according  to  H.  Midler  [Jouni.  Vhem.  Soc.^  \s\\. 
39t>j,  the  mono-  and  dichlorinated  acid  may  even  he  advantageously  prepared  by 
paitiiiDg  chlorine  into  the  boiling  acid  to  which  a  small  quantity  of  iodine  has 
baen  added  (about  50  grama  to  the  ^  litre) ;  the  two  aeidii  are  separated  and 
purified  by  liactiunal  diht illation.  Chloracctic  acid  is  most  readily  obtumed, 
however,  by  passing  chlorine  into  acetic  anhydride  heated  to  100°  (212"  F.); 
acetic  chloride  then  distils  over,  leaving;  the  almost  pure  aeid  in  the  retort  (Gai). 
Pure  dicbloraoetic  acid  i«  best  prepared  from  tiiclUorethaldebydrul  ^chloral- 
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hydrate),  l»y  converting  this  compound  into  ethylic  dichloracotate  by  the  action 
ofpotuiisic  cyanidt'  in  presence  of  alcohol;  thus:  CCl  ..CH(()H)^  +  C^H^.OH + 
KCN  ClIClj.CO0C,H^  +  KCl  +  HCN  +  UH,.  A  .luantity  of  the  pure  cyanide 
tightly  in  exoeas  of  that  indicated  by  ihi»  equation  is  placed  in  a  ilaak  connected 
with  a  reversed  condenser  (pvonded  with  a  tube  for  the  eiicape  of  the  hydro- 
cyanic acid  gas)  and  covered  with  a  layer  of  absolute  alcohol ;  a  moderately  con- 
centrated alcoholic  solution  of  trichlorethaldehydrol  is  then  added  drop  by  drop, 
a«  the  action  is  violent.  The  product  is  mixed  with  water,  and  the  oil  which 
separat«8  is  then  washed  with  water  and  afterwards  with  a  very  dilute  solution 
of  codio  hydrate,  dbtilled  in  a  current  of  steam,  dried  and  rectified.  The  paio 
ethylic  salt  thus  obtained  is  dilated  with  aboat  an  eqoal  volume  of  alcohol  and 
mix-'d  with  an  alcoholic  solution  of  the  requisite  amouiit  of  pure  potassic 
hydrate;  decomposition  at  oi.ce  takes  place,  and  the  liquid  becomes  filled  with  a 
mass  of  crystals  of  poUissic  dichloracctate.  These  crystals  are  dried  and  intro- 
dnced  into  a  combustion  tube,  placed  in  an  inclined  furnace  and  connected  at  the 
one  end  with  an  apparatoi  for  evolving  hydrochloric  add  gas  and  at  the  other 
with  a  condenser;  on  pasflUig  the  gas,  it  is  absorbed  and  dichloracetio  acid  is 
produced.  When  the  gas  escapes  from  the  condenser,  tiie  decomposition  may  be 
judijed  complete,  and  the  acid  is  distilled  off  in  a  slow  stream  of  hydrochloric  add 
(Wallach,  Ann.  C/wm.  Pharm.,  clxiiii.  288  ;  Deut.  chem.  Ges.  Ber.,  ix.  1212).* 

Trichloracetic  acid  is  readily  obtained  by  adding  trichlorethaldehydrol  (chlond- 
bydrate)  to  aboat  three  times  its  weight  of  faming  nitric  acid,  completing  the 
reaction  by  warming,  and  then  dlHtilling. 

The  chloracetic  acids,  and,  indeed,  all  the  haloid  derivatives  of  acetic  acid,  are 
highly  <  lustio  substances,  causing  painful  blisU-rs  if  applied  to  the  skin;  they 
are  readily  soluble  in  water,  and  are  reconverted  into  acetic  acid  by  nascent 
hydrogen. 

CkloraeeUe  acid  taram  rhombic  plates,  melting  at  63*  (143^*6  F.),  and  boils 
nndeoomposed  at  about  186°  (366°*8  F.);  it  furnislies  a  number  of  crystalline 
metallic  salts,  amongst  others  the  silver  salt  CHjCl.C(X)Ag,  which  separates 
from  a  hot  aqueous  solution  on  cooling  in  colourless  nacreous  scales.  By  boiling 
with  water,  cliloracctic  acid  is  converted  into  hydroxyacelic  acid  (glycolic  acid), 
CH,(OH).C(X)H. 

JHekloraeeUe  acid  is  liqnid  at  ordmary  temperatnres,  but  solidifies  when 
cooled  below  o''  (32°  F.) ;  it  boils  at  aboat  190°  (374**  F.).    Its  potassic  salt 

crystallizes  in  glistening  plates. 

Trichloracetic  acid  crystallizes  in  colourless  rhombohedra,  melting  at  52°'4 
(i26**3  F.)  ;  it  boils  at  about  195°  (383°  F.).  It  furnishes  a  series  of  metallic 
salts,  which  may  be  obtained,  many  of  them  in  the  crystalline  state,  by  neutra- 
lising a  eolation  of  the  acid  with  the  corresponding  metallic  oxide  or  hydrate^ 
and  then  concentrating  over  solphorie  acid  (comp.  Clermont,  Ann.  Chim.  Phift,, 
[5j,  ii,  401  ;  Judson,  Deut.  chem.  Ges.  Ber./iix.  7S2);  if  the  solution  be 
heated,  the  trichlorac^'tate  is  dcoompoeed,  the  corresponding  ibrmate  and  trichloro- 
methaiie  being  produced. 

The  ethiflie  salts  of  these  acids  boil  respectively  at  143''  (289°'4  F.),  156" 
(3i2"-8  F.),  and  164*  (32  7"*-2  F.). 

Monorhloracetic  r///or«ie^CH,Cl.COCl,  boils  at  105*  (221*  F.)  and  ItmAIot- 
aceiie  ekhride,  CCl^COCl,at  US'*  (244''*4  F.)- 


*  The  manner  in  which  this  remarkable  reaction  is  to  be  interpreted  has 
been  the  sulgect  of  much  diiicussiou  ^comp.  Wallach,  ibid.,  x.  2 120 ;  Clau«,  ibid., 
zi  498). 
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(1766)  Bbomacetic  Acids. — Monobromaceiie  acid :  CllfiT.C(X)'R,ma.j}m 
formed  by  the  direct  action  of  bromine  on  noetic  acid ;  by  heating  ethylic  acetate 
with  bromine  at  1 50*  (302**  P.)  (Crafts)  ;  by  heating  hydroxyacetic  (glycolic) 
acid  with  a  aatorated  aolntion  of  bydrobromic  acid  at  lOo**  (212°  F.)  (Kikul^); 
by  the  a<  tioii  of  bromine  on  anhydrous  glycerol  (Barth) ;  and  by  oxidation  of 
nionobroniacetyk'iie  in  moitit  air  (Glockner,  Ann.  Chem.  P/turm.,  Sup., II4). 
To  prepaie  it,  a  mixture  of  bromine  with  twice  the  requisite  amount  of  aoetie 
acid  is  enoloaed  in  atrong  tabes,  the  temperatnre  of  whidi  ia  then  merely  laiMd 
to  150®  (302°  F.)  when  auffielently  cool,  the  tubea  are  carefully  opened  and 
their  contents  heated  in  a  retort  to  200*  (392°  F.);  the  residue  consists  of  a 
mixture  of  the  monobromo-acid  with  a  Bmall  quantity  of  dibromacetic  aoid,  and 
may  be  purified  by  conversion  into  the  lead  salt,  &C  (Perkiu  and  Duppa, 
JoUTHn  Chem.  80c.,  XI.  22). 

DihvmaeeUe  odd :  CHBr^  COOH,  may  be  obtained  by  the  aetion  of  hro- 
mine  in  bright  Hunahine  on  heated  bromaoetic  acid  {ibid.,  xii.  l),  but,  acwrding 
to  Carius,  it  is  best  prepared  by  heating  a  mixture  of  ethylic  acetate  and  a  slight 
excess  of  bromine  in  seiJed  tubes  at  I20** — 130*  (248" — 366°  F.)  {Ihut.  chem. 
Get.  Her.,  iii.  336). 

Trihromacetic  acid :  CBr,.CC)OH,  is  formed  by  the  action  of  water  on  tri- 
bromaoetic  bromide. 

Bromacetic  acid  forms  deliquescent  rhombohedral  crj-stals,  melting  below  100 
(212"  F.):  it  boils  at  about  208°  (4o6°'4  F.).  I )iliioni acetic  acid  is  also 
crystalline  when  pure;  it  boils  between  225''  and  230'' (437^ — 446°  V.),  but  is 
partially  decomposed.  Tribomacetic  acid  melts  at  135®  (275°  F.),  and  boils  at 
250"  (482°  F.)  (Gal):  when  heated  with  alkalies,  it  yielda  tribromomethaiie 
and  a  formate.  Mono-  and  dibromacetic  adda  Aimiah  *  number  of  duuacfteristie 
salts  ;  the  tribromaoetates  have  not  been  examined. 

The  bromacetic  bromides  have  been  prepared  by  heating  acetic  bromide  with 
bromine.  A  remarkable  method  of  forming  mono-  and  dibromacetic  bromides 
has  also  been  recently  described  by  Demole  {Deui.  chem.  Gee.  J3er.f  xi. 
315,  1302),  consisting  in  agitating  a-dibrometbylene,  CUBrZlCUBr,  andtri- 
btomethylene  reapectiTcIy  with  dry  oxygen,  wlUoh  is  rapidly  abeorbsd  ^th 
considctsble  developnient  of  heat.   It  may  Im  supposed  that  the  oorraaponffing 


•  Hell  and  Mullhiiu.srr  iuive  recently  shown  {  Deut.  chem.  (res.  Jier.,  x.  2102; 
xi.  241)  that  when  a  mixture  of  acetic  acid,  bromine  and  carbonic  bisulphide  is 
allowed  to  stand,  prismatic  o^atala  of  a  compound  of  the  formula  C,H^O,Br, 
are  deposited,  which  are  not  formed  in  the  absence  of  the  llsulitliide.  On  adding 
the  bisulphide  to  the  mixture  of  bromine  and  acetic  acid  heat  is  developed,  and 
if  sufficient  be  added  crystals  soon  separate,  the  rate  at  which  crystals  form  being 
apparently  strictly  proportional  to  the  amount  of  bisulphide  present ;  moreover, 
carbonic  bisulphide  not  only  induces  the  formation  of  acetic  dibromide,  but  also 
greatly  ikcilitates  the  formation  of  substilution  deri?ativea.  Although  appa- 
rently no  change  takes  place  on  heating  a  mixture  of  bromine  and  acetic  acid  at 
100°  (212°  F.)  for  about  40  hours,  afler  about  45  hours  crystals  are  formed,  but 
these  are  perhaps  a  compound  of  acetic  acid,  bromine  and  bydrobromic  acid. 
By  adding  bromine  to  a  saturated  solution  of  bydrobromic  acid  in  ace  tic  acid 
crystalline  compounds  of  the  formula  2C,U^0^BrrHBr  or  4C2H^O,.3l>r,.2HBr 
are  formed  aoooiding  to  the  proportion  of  bnnnine  naed.  In  a  aimilar  manner 
a  crystalline  compound  of  bromine  with  sestic  and  hydfodkloric  acids  may  be 
obtained,  and  crystalline  substances  are  also  produced  sooner  or  later  on  adding 
iodine,  sulphtu-,  phosphorus  or  ethyl  bromide  to  a  mixture  of  bromine  and  acetic 
acid.    Formic  acid  apparently  ahtu  forms  au  additive  oumpouud  with  bromine. 
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onde  is  first  formed,  bat  U  immediately  converted  into  the  add  Inromide  bj 

an  isomeric  chriTT^o  perhaps  similar  to  that  by  which  ketones  of  the  form 
CnHjn  +  i.CC).C'(<',.II,.„  4. 1)5  anj  prodttoed  from  the  glycols  of  the  form 
[C(Cal4, MI],  (oomp.  p.  773).  aChlorobromethylene,  CIIClnCHBr, 
yields  a  mixture  of  bromacetic  chloride  and  chloracetic  bromide,  but  monobrom-, 
tetracblor-  and  tetrabromethylene  are  not  altered  on  agitation  with  oxygen.  The 
formation  of  trichloracetic  acid  on  expoenre  of  tetrachlorethylene  in  contact  with 
water  and  chlorine  to  sunshine  (Kolbe),  and  of  trichloracetic  chloride  by  the  action 
of  sulphuric  atihydridc  on  the  Kame  body  (Prndhomme),  may  doabtleaa  be 
classed  in  the  same  category  of  rcartioiis. 

(1767)  IoD4CBT(C  Acids. — Mono-  and  diioclaetHetMda  have  been  obtained 
hy  displacing  the  bromme  in  the  ethylie  salts  of  the  eorresponding  bromo*aeida 
by  iodine  by  double  decomposition  with  potassic  iodide,  converting  the  ethylie 
salts  thus  prepared  into  baric  salts  by  treatment  with  baric  hydrate  solution, 
and  displacing  the  metal  in  these  latter  by  hydrogen  by  means  of  a  mineral  arkl. 

They  are  both  crystalline,  and  furnish  crystalline  salta  (Perkin  and  Duppa, 
PkU,  Mag.  [4],  xviii.  54 ;  Joum,  Chmm,  Soe.,  xiii.  l).  Moniodacetic  acid  is 
lednoed  to  aoetio  acid  by  a  ooneentrated  eolation  of  bydriodie  acid  even  in  the 
oold  (Kekule). 

(176.S)  CrANACETic  Acid:  CH,(CN).C(X)H.— This  acid  is  prepared  by 
heating  ethylie  monocliloracctate  with  an  aqueous  solution  of  potjissic  cyanide. 
It  is  a  crystalline  sub^tan«e  melting  at  80"  (176**  F.).  When  heated  to  165® 
(329°?.)  it  is  resolved  into  carbonic  anhydride  and  cyanomethane,CH^.CN  (Van 
t'HoflT).    Its  ethylie  salt  boils  at  aboat  307*"  (404**6  F.). 

(i  769)  Haloid  dekivativbs  of  Pbopionic  Acid. — The  action  of  halogens 
on  propionic  acid  has  been  but  little  studied,  most  of  its  haloid  derivatives  having 
been  obtained  by  indirect  methods.  The  mono-derivatives  exist  in  the  two 
isomeric  nioditications  represented  respectively  by  the  formuls  CHpC.CHj.C(X)H 
and  CH,.CHX.COOH,  and  of  the  three  poesible  diohloro-  and  dibromo-acids 
those  of  the  fotma  CH,X.CHX.COOH  and  CH,.CX,.O0OH  are  known,  bat  the 
higher  drrivatives  have  not  been  examined.* 

a^^^<>>lo(•/|/orO',  hromo-,  and  iodoproptonic  acidx  are  formed  by  the  direct 
union  of  the  corresponding  haloid  acids  with  acrylic  acid,  tliu«  :  ('II .  CH.C'<  K)I1 
+  HC1  =  CH,CLCH,.COOH.  The  iodo-acid  (uMually  termed  /j-iodopropionic 
acid)  may  abo  be  prodnced  by  the  aetion  of  hydriodio  aeid  or  phoephonts  iodide 
on  glyoencaeid:  CH,(OH).CfI(OH).00OH  -f-  3HI  ^  CH,I.CHI.COOH  +  3OH,; 
CH.LCHLCOOH  +  HI  =  CH.LCH,.C(X)H  +  I, ;  and  by  treatment  with  chlorine 
or  bromine,  the  acid  thus  prepared  may  be  convei-ted  into  the  corresponding 
chloro-  or  bromo-acid.  They  are  all  crystalline.  The  iodo-acid  forms  large 
oolourlexs  plates  ditHcultly  soluble  in  cold  water,  melting  at  83° — 84°(l8l'^'4 — 
iSa'-a  F.),  The  bromo-aetd  melts  at  6i''-5  (i42''-7  F.) ;  the  ehloro-aflid  at 
40*-5  {i04'-9  P.). 


*  Until  recently  it  has  been  tbeooetom  to  employ  the  letters  o,  /3.  mnrely 
to  disting.iish  isomerides  and  without  reference  to  their  cons(atutioQ,  the  com* 
pound  first  discovered  usually  being  designated  as  the  a-body,  and  that  next  in 
order  of  discovery  as  the  /3-compound,  but  of  late  these  letters  have  been  used 
with  some  slight  regard  to  system,  the  mono-derivatives  of  normal  primary  acids 
of  the  form  CnHjn  4.  j.CIiX,COOH  being  as  a  rule  termed  a-compounds.  It 
appears  more  desirable,  however,  to  term  thoee  of  the  form  CH,X  (CilJ^.COOH 
a-derivativea,  aa  they  belong  to  tiie  aame  daes  of  di-derivatives  of  the  normal 
paraffins  as  the  o*di-haloid  derivatives  such  as  tlie  dibromethane  CHjBr.('H,Br 
and  the  dihromopropane  CU,Br.CHg.CH^r.   Thcconatitation  of  other  derivap 
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ft-ChJoroprnpknuc  acid,  which  doubtless  would  be  the  first  product  of  the 
action  of  chlorine  on  propioiiii:  acid,  lias  been  obtained  by  acting  on  ordinary 
feraaitttion  lactic  acid,  CH,.CH(01 1  ).COOH,  with  phosphoric  pentachloride  and 
traating  the  mnlting  cbloropropionio  chloride  with  water.  The  &-fmmihmA 
may  be  formed  by  heating  propionic  acid  with  bromine  at  150°  (302°  F.),  or 
fermentation  lactic  acid  with  a  saturLitcd  solution  ot  hydrobromic  acid.  ^-lodo* 
propionic  acid  is  produced  in  a  similar  manner  by  the  action  of  pliospboraf 
iodide  oa  lactic  a(-id  (Wichelbau^).    These  compoundH  are  all  liquid. 

Of  the  two  Mb  cf  iaomeridet,  the  a>aci(b  aw  relatively  much  more  suble 
bodice,  and  enter  Icm  readily  into  reactions  of  doable  decomposition. 

Little  is  known  of  a/3-(//"'7//yro/)ro/)ionic  acid.  The  3'-acid,  CH,.CC1.,C00H 
has  been  carefully  examined,  however  (Otto  and  Bettkurts,  Deut.  cheni.  Ges.  Ber, 
ix.  1876;  X.  2037);  it  is  obtained  by  heating  dichh»roryanethano,  CH^.tVI  .CX 
(formed  by  chlorinating  propionitrile)  with  concentrated  hydrochloric  aciil  or 
•lightly  dilated  aalpharic  ftdd,  and  ita  ethylic  ealt  may  be  produced  by  distilhug 
pjmTicacid  with  phoephorie  pentachloride  and  treating  the  reeoltingwnd  chloride 
with  alcohol.  This  add  furnishes  crjstallinc  salts,  which  are  readily  decompoMd 
on  heating  their  aqueous  solutions,  a  metallic  chloride  and  the  chloracrylic  acid 
CH.ZlCri.COOH.  being  formed,  although  the  acid  itself  is  not  appreciably 
altered  by  boiling  water.  By  tlie  action  of  zinc  and  sulphuric  acid  at  ordinary 
temperatares  it  ts  readily  oonrerted  into  propionic  and.  It  is  not  acted  upou 
by  dilorine  even  in  preeence  of  iodine  at  an  devated  temperstare.  It  is  oiTstal- 
line  ftt  low  temperatares,  and  bdls  at  about  190**  (374^  F.). 


ilYea  is  conveniently  indicated  by  a.-<signing  the  letter  a  to  the  terminsl  CH, 

group  and  thr  IrtL  rs  /3,  7.  lIc  to  tho  several  CIIj  groups  in  the  formula  com- 
mencing with  that  next  to  the  terminal  CH^  group.     The  application  of  this 
system  will  be  best  understood  from  the  following  examples : 
a  /3 

CH,.CH,.COOH    ....    Ftopionic  acid. 

CII  Hr  (•II..CT)OH .    .    .    .    a-Bromopropionie  add. 
CIl^rHHr.VooH  .    .    .    .  ^. 
CIIHr  .CH,  COOH  .    .    .    .    a'-Dibromopropionic add. 
CHjHr.CIIHr.CHIUH    .    .    .    a-^-  „  „ 

CH,.Cnr^COOH    .    .    .    .  /5«- 
CBr,.CH,.OOOH    ....  a**Tribromopropionic 
CHHr^.CIlBr.COOH    .    .    .  o"-/9- 
CH.,Br.('Hr,.r<M)H  .     .     .     .  a-^'- 

CHrVCHBricoOH  ....    a'  /i-Tetrabromopropionic add. 
CHBr,.CBr,.COOII  ....    a'-^S'-         „  ^ 

But  in  the  case  of  the  higher  acids,  and  especially  of  derivatives  of  ndds  othur 
than  normal  primary  arids,  it  will  in  most  cases  be  desirable  io  eniploy  names  indi- 
cating the  relation  to  lower  terms  of  the  series  :  thus,  the  two  bromobutyric acids 

ClI,.CH,.CIIBr.('()()H 
CH,.CBr(ClIJ.C'001I 

are  most  conveniently  distinguished  by  terming  them  respectirely  ethylbrom- 
acetic  acid  and  dimetliylbromacetic  acid  ;  while  of  the  two  isomeric  adds 

CH5.C'HBrCII,.ah»II 
CH,Br.CH(CH,).CuuiI 

the  former  may  be  designated  a-methyi-a-bromopropioiuo  acid,  and  the  latter 
/^m«tbyl-a-bromopropionic  acid. 
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afi-Dibromopropionie wndis  formed  by  oombining  acrylic  acid  with  bromine  ; 
by  oxidation  of  the  dibromopropylic  alcohol  prepared  by  combining?  allylic  alcohol 
with  bromine ;  and  by  the  combination  of  both  a-  and  /3-broniacrylic  acid  with 
hydrobroiuic  acid.  (i^-Dibromopropionic  acid  is  obtained  by  tlie  action  of 
on  propionic  acid  at  200*'^220°  (393*— 438^  F.)  (IVf  under,  Caspary, 
Fhilippi,  Wagner  and  Tollens.  Ann.  Ckem.  Pharm.,  cxXvu.  222,  240;  clsii. 
314.  340).  Both  add*  furnish  crystalline  saltrf,  which — like  those  of  the 
dichloro-acid — are  dccompo-ied  by  heat,  the  salts  of  th.>  3^-'i<'id,  with  the  exception 
of  the  ailver  salt,  being,  however,  the  more  stable.  On  treatment  with  an 
alooholic  ^lutiuu  uf  potaiisio  hydroxide,  they  are  converted  into  the  isomeric 
hromacrylic  adds,  CHBr=CH.COOH  and  CH~Cllr.COOH  respectively; 
and  they  are  further  distinguished  by  their  behaviour  with  zinc  and  eulphnrio 
acid,  whereby  the  a*i-acid  in  reduced  to  acrylic  acid,  whilst  the  3'-acid  is  converted 
into  propionic  acid.    The  a0*acid  meite  at  about  65°  (149°  F.),  the  /Ij'-acid  at 

(1770)  Haloid  debivatitss  op  Hiohbr  Acids. — We  are  almost  unac- 
quainted with  the  haloid  derivatives  of  acids  higher  in  the  series  than  propionic 
acid»  for  although  haloid  derivatives  of  Meveral  have  heen  obtained,  very  few 
have  ai*  yet  been  prepared  in  a  st  it.'  of  purity.  As  compared  with  acetic  acid, 
the  higher  acid.s  are  ai»p;irciilly  nion'  rc.i  lily  acted  npun  by  the  haloi^ens;  bromine, 
for  instance,  gradually  converting  uoruial  bulyric  aud  caproic  acids  into  bromo- 
acids,  even  at  a  temperature  of  loo^  (2 1 2^  F.).  The  normal  primary  acids,  like 
the  normal  paraffin^  "VS^  ^  famiah  isomeric  mono-derivattres  in  proportions 
whioh  vary  with  the  temperature  at  which  the  reaction  takes  place;  thus, 
according  to  Eilenmeyer  (Deut.  chem.  Ges.  B(>\,  x.  636),  when  normal  butyric 
and  caproic  acids  are  digested  with  bromine  at  100  (212'  K  ),  mono-hromo- 
acid^  ol  the  form  CnHj,.^  ,  CIiX.C(Jt)U  are  almost  exclusively  produced,  whereas 
when  the  action  is  effected  by  heating  to  140°  (284"  F.)  the  product  contains  a 
much  larger  proportion  oi  an  isomerio  bromo-add  (comp.  PopotiT,  ibid,,  viiL  540). 
Ifioprimary  valeric  acid  is  converted  into  the  bromo-acid  of  the  formu'a 
(CH  jjCH.ClIlir.COOlI,  whil-t  the  secondary  arid,  dimethacetic  (isobutyric)  acid, 
fivrnishes  diinethbrDUiacctic  acid,  Cl»r(('H^),.t'<.H)H.  Hence  it  would  appear 
that  when  acids  of  the  form  R.CH,.COOU  iuid  li  .CH.CUUU  are  submitted  to 
the  action  of  bromine,  the  chief  tendency,  in  the  first  instanoe,  is  for  hydrogen 
aseociatod  with  the  carbon  atom  with  whidi  the  carbosyl  is  united  to  be  displsMd. 

Butifric  acid  derivative: — According  to  Markownikoff  (Zt?/^.  CXem.,  1868, 
621),  normal  butyric  acid  is  with  difhculty  att^icked  by  chlorine  even  at  its 
boilini?  point;  the  action  takes  place  much  more  readily  if  a  little  iodine  be 
added,  and  together  with  higher  chlorinated  derivatives,  a  crysUillizable  chloro- 
bntyrie  arid  melting  at  98*"  (208°  4  F.)  is  produced  in  small  quantity.  'Hm  tamo 
chemist  states  {Am,  Chem,  Fkarm.^  cliii.  240)  that  by  submitting  boiling 
butyric  chloride  to  the  action  of  chlorine  in  presence  of  iodine,  a  ohlorobntyric 
chloride,  boiling  at  about  130''  (266^  F.),  is  obtained,  the  acid  prepared  from 
which  does  not  crystallize,  and  wiiich  has  <.he  formula  CH,.CH,,.('ll('l.CO(  IR, 
as  it  is  convertible  into  the  hydroxy-acid  CiI,.CH,.CH(0H).COo"U.  Uulbiano, 
however  {Cku.  ehim.  Ital.,  viii.  90),  has  recently  prepared  a  ehbro-aoid  br  the 
iotion  of  chlorine  in  sunlight  on  butyric  acid  heated  to  about  95*^  (203^  P.), 
to  which  he  assigns  the  formula  Cll/(;iiri.ClI,.CO<  >H  as  it  furnishes  a  small 
amount  of  the  hydroxy-aci  i  C" H.,.('i loll ).CH'^.C()OH,  together  with  a  con- 
siderable amount  of  crystalline  crotonic  acid  on  treatment  with  baric  hydroxide 
solution ;  it  is  f  ir  more  probable,  however,  that  his  product  chieHy  consisted  of 
the  acid  CH^.Cli.CHCI.COOH,  mixed  with  a  small  proportion  of  the  tsomerie 
acid  corresponding  to  the  hydroi^-acid  obtained,  since  it  would  appear  that  the 
haloid  derivatives  of  the  form  CbH^4(.CHX.C00H  are  the  most  readily  coik- 
vcrtible  into  acids  of  the  aoi^rlic  series. 
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By  oxiilizinj^  trichlorott'traMcbydrol  (1632) — so-called  croton-cliloral  hydrate 
— witlj  nitric  acid,  a  cryf-lalline  trichlorobutyric  acid,  C,H^C1^C00H,  is  pro- 
dufled,  whieb  melti  at  44**  (iii°'2  F.)  (com p.  Aim,  Ckem,  Pjlomi.,  oUixii. 
181).  The  oxidation  takes  place  with  less  fiunlity  than  that  of  trichloretbalde- 
hjdfol.  This  acid  furnishes  a  number  of  cr^'stalline  metallic  salts,  which,  how- 
ever,  are  It^sa  characteristic  than  the  trichh^ra<  etates  ;  its  ethylic  salt  boils  at  212'' 
(413°  6  F  ).  It  is  with  difficulty  acted  upon  by  phosphoric  pentachloride,  and 
converted  into  the  acid  chloride,  which  boils  at  about  i64°(32  7'''2  F.)  (Judimo, 
BemL  eUm.  €hi,  Ber,,  til  785).  the  ohioroerotonio  aeid,  C,H,C1.C00H, 
obtained  by  redoetioii  of  this  acid,  combines  with  bromine^  ferming  a  eryetalliae 
dihromochhrobutyrk  aeid,  C,H,CiBr^COOH.  srhiGh  melti  at  92"*  (197**6  F.) 
(Samow). 

The  inono-bromobutyric  acids  formt  J  by  the  action  of  bromine  on  normal 
butyric  acid  have  not  yvt  been  prepared  in  a  pure  state  (comp.  Hell,  ibid.,  vi. 
aSj  vii.  560).  A  similar  mixture  to  that  obtained  ftom  bntyrio  add  and 
Womine  is  apparently  formed  by  the  combination  of  eiysiaUtna  flrolonie  aeid, 
CH,.CHz:CH.COOII,  with  hydrobromic  aeid  (Hemilian;  Alberti.  Hid.,  ix. 
1 194).  Both  products  Turnish  crystaUine  orotonio  acid  on  deoompontion  with 
alkalies,  or  even  boiling  water. 

According  to  Schneider  and  Friedel  and  Machuca  (Ann.  Chem.  Pharm., 
oxx.  381 ;  Suppl.  2,  70),  butyric  acid  furnishes  an  oily  dibromo-derivative  whan 
heated  with  theneoessaryamoQutof  bromine  at  130* — l5o'(266" — 302*F.).  This 
acid  is  said  to  furnish  a  bi)>mhydroxybutyric  acid  on  digestion  with  baric 
hydroxide  solution,  which  is  convertible  into  dihydroxybutyric  acid  by  the  action 
of  argentic  hydroxide  (Petrielfand  Eghis,  Deut.  chem.  Ces.  Brr.,  viii.  265);  if 
this  be  the  case,  it  ia  probable  that  the  bromine  atoms  are  a^isociated  witli 
different  carbon  atoms. 

According  to  Hemilian  and  Albert!  (loe.  csl.),  crystalline  erotonic  aeid 
readily  combines  with  hydriodie  acid,  forming  a  crystalline  iodohvti/ric  acid  of 
the  formula  CH,.CH,.CHI.COOTI,  which  melts  at  1 10*  (230'*  f.):  a  liquid 
iaoraeride  is  formed  at  the  same  time. 

By  heating  dimethacetic  or  isobutyric  acid  with  bromine  at  140'  (284°  F.}, 
it  Si  converted  into  dimethbromacetic  aeid,  CBr(CH,)^COOH,  which  i^paratei 
from  ether  in  large  crystalline  plates  melting  at  48*  (i  i8°'4  F.) ;  it  distils  with 
slight  decomposition  at  199®  (39o'*'2  F.).  Its  ethjlic  salt  boils  at  160' 
(320°  F.).  By  boiling  water  it  is  converted  into  dimethhydroxyacetic  acid, 
C(0H)(CH,)j.C001i,  an  alcoholic  solution  of  potassic  hydroxide  converting  it 
into  the  corresponding  diuuthethoxy acetic  acid,  C(0C,HJ(CHJ,.0OOH  (Mar- 
kownikoff;  Hell  and  Waldbauer,  ibid,,  x.  448). 

The  corresponding  dhtiethiodacetic  acid,  OI(CH,)j.CO(^ir.  is  formed  by  Cdm- 
bioing  methaocylic  aeid  with  hydriodie  acid ;  it  meUs  at  37°  (98**6  F.). 

§  11.  Amido-  and  Hydroxy-acids  derived  from  tbb 
Acids  of  the  Acetic  Series. 

(1771)  Amido-acids  or  Glycines. — ^These  compounds  are 
formed  by  the  introduction  of  the  monad  iwdicle  NH^  (aniidogon) 
in  place  of  a  single  atom  of  hydrog:en  in  the  C„H.^,+j  group  of  the 
acids  of  the  acetic  scries.  Compounds  formed  by  the  introduction 
of  a  greater  number  of  NH^  groups  have  not  yet  been  obtained. 
«A  number  of  them  are  products  of  the  action  of  bydrating 
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•gents  on  various  albumcnoid  substances ;  they  may  be-  piopared 
synthetically  by  either  of  the  following  methods. 

I.  By  digesting  the  mono-haloid  derivatives  of  the  acids  of 
the  acetic  seriea  with  an  aqueoos  or  alcoholic  solution  of  am- 
monia; thus: 

C„H^XXXX)H  +  3NH,  «  C,H,.(NH,).COONH,  +  NH^X. 
C.HJ.COOH  +  3NH,  =  C,H^  (NH,).COONH,  +  NH^L 
lodoproftaileaold.  Amnionic  unldopropionate. 

More  complex  compounds  formed  by  the  action  of  two  and  three 
molecules  of  the  acid  on  a  single  molecule  of  ammonia  are 
frequently  produced  simultaneously  (comp.  1775). 

a*  By  acting  on  the  amido-alcohols  formed  by  the  union  of 
the  aldehydes  of  the  CqU^q^i.COH  series  with  ammonia  (p.  720) 
with  hydrocyanic  acid,  and  digesting  the  product  with  hydro- 
chloric acid  solution.  The  amount  of  amido-acid  produced  in 
this  manner  it  not  equivalent  to  that  of  the  aldehyde  employed, 
but  always  less,  and  varies  according  to  the  conditions  of  experi« 
ment ;  apparently  the  amido-cyanide  resulting  from  the  action 
of  the  hydrocyanic  acid  [C„ll..„  +  j.  CII  (N  H,). Oil -f  HCN^s 
C„H._,„,,.CIl(NIlJ.CN-f  OHJ  undergoes  condcnsution,  and  the 
amido-acid  fmally  obtained  is  eliieny  derived  from  the  product 
or  pro^lucts  of  condensation,  and  not  directly  formed  from  the 
amido-cyauide  by  the  simple  conversion  of  the  group  ON  into 
COOH. 

Properties. — The  glycines  are  crystalline  substances  more  or 
less  soluble  in  water.  They  either  possess  a  sweet  taste  or  are 
tasteless,  and  are  without  action  on  vegetable  colouring  matters. 
They  not  only  enter  into  reaction  with  metallic  oxides,  hydrates, 
and  carbonates  to  form  metallic  salts,  but  also  combine  directly 
with  acids  and  with  many  metallic  salts ;  and  their  alkaline  solu. 
tions  dissolve  cupric  hydrate.  Judging  from  the  behaviour  of 
glycine  and  leucine,  their  aqueous  solutions  are  coloured  blood-red 
by  ferric  chloride  and  intense  blue  by  cupric  sulphate ;  th^  reduce 
a  solution  of  mercurous  nitrate  slowly  in  the  cold,  but  more 
rapidly  on  heating ;  and  they  are  not  precipitated  from  neutral 
solutions  by  mercuric  salts  idone,  but  are  thrown  down  if  sodic 
cariH>nate  be  added  simidtaneously  (Hofmeister,  Atm.  Chem. 
Pharm,,  dxixix.  6).  They  are  not  decomposed  by  boiling  with 
aqueous  solutions  of  alkaline  hydrates.  Nitrous  acid  oouTcrts 
them  into  the  corresponding  acids  of  the  lactic  series. 

Inasmuch  rs  the  glycines  are  destitate  of  acid  t^te,  and  have  no  action  ou  v^|e* 
table  colours,  and  may  even  he  crystalli/^  from  alcohol  in  prcsmce  of  ammonia, 
it  can  hardly  be  doubted  that  they  no  hm  jir  contain  the  group  C()OU  :  in  oiher 
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words,  althongh  derived  from  haloid  oompouDds  of  tba  form  CnH,aX.OOOH, 
th^  oaanot  be  repreiented  w  ooiutitated  on  the  etme  tjpe,  aoooidiiig  to  the 
formuk  C.H^(ini,).OOOH.    Their  propertice  are  aooomited  for,  however, 

on  the  assumption  that  thev  are  compounds  of  the  formula      I  I 
*^  J  CX)  — 0. 

Bui  their  high  melting  pointa,  the  oompontion  of  certain  of  their  compoands  with 

acids,  and  the  cirrumstanre  that  they  are  cnpahle  of  uniting  together  (Hofmeister). 

render  it  far  more  probable  that  their  molecular  weights  are  at  least  double  as 

g^reat  as  tluK  lormula  would  iudicate  ;  on  this  hypothesis  they  may  be  represented 

by  the  formula 

C„Hn,.NH, .  O.CO 
I  I 
CO.O  NH,.C,Il„ 

Oenfinnation  of  thia  ?iew  of  the  oonstitutioD  of  the  glydaea  la  aiMed  hf  the 
fact  that  hippnrie  or  benaamidacetic  acid,  Cn,(NH.COC,HJCOOH,  exhibite  t  t 

marked  acid  reaction  with  vegetable  oolourn,  the  introduction  of  the  nej^stire 
radicle  CO.C^Hj  in  place  of  one  of  tiie  hydrogen  atoms  in  the  XII  group  haring 
neulrulizei  the  tendency  of  the  nitrogen  to  pa»i>  to  the  pentad  condition. 

The  glycinea  at  present  hnown  have  all  been  prepared  from  baloid  derivativN 
of  aeida  ik  the  aoeUe  aeriea  in  whidi  the  halogen  ia  aaaoeiated  inth  the  sinK 
carbon  atom  m  the  COOH  group,  or  with  a  contiguous  oaibOB  atom,  Itnuij 
therefore  be  quest icnicd  whether  the  compounds  derived  from  acidn  in  which  the 
halogen  is  ass()riat<.'d  with  a  carbon  atom  not  cunliguous  to  that  united  with 
the  COOH  group  would  be  glycines  or  true  amido^acids;  it  appeart«  probable 
that  the  fonner  would  be  the  ease  if,  as  above  suggested,  the  molecule  «f 
the  glyeines  be  derived  firom  two  molecules  of  the  geneiatmg  acid. 

(1772)  Glycine  Glycocim,  Glj/cocoll  or  Amidaeetic  Acid: 
[?]  CjHjNO.^  or  (\H,  N^O^.— Glycine  is  formed  by  the  action  of  hydrating 
agents  on  a  variety  of  substauces  of  animal  origin,  such  ixs  gelatin,  hippuric 
acid  and  glycocholic  acid,  being  must  conveniently  prepared  by  heating  hippuric 
aoid  with  ooncentrated  hydroehlorie  aeid,  or  gelatin  with  a  aolation  of  birie 
hydrate.  It  is. produced  on  passing  cyanogen  gas  into  a  boiling  ooncentrstod 
solution  of  hydriodic  acid  (Emnierling.  Ikut.  chem.  Get.  Ber.,  vi,  1351): 
XT.Cx\  +  6Hi  +  2()H,-ni/NHJ).C<)OH  +  2l,-hNnj;  by  the  action  of 
nascent  hydrogen  ou  el  hylic  cyauoformate  (cyanocarbonate),  CN.COOC'jH, 
(Wallauh,  Ann.  Chem.  Pharm.,  clxzxiv.  13) ;  and  together  with  so^aUled  di> 
and  triglycolamidie  aeida  on  boiling  ehl(»«c^ic  aeid  wi£h  an  aqueona  aolation  of 
ammonia. 

Glycine  crystallizes  from  water  in  liard  transparent  monoclinic  prisms, 
having  a  sweetish  taste  ;  it  di.^solvcft  in  about  4  parts  of  cold  water,  but  is 
only  sparingly  soluble  in  alcohol.  It  melts  at  about  170°  (338"  F.),  and 
decomposes  at  a  rlightly  higher  temperature.  The  metallio  aroidacetutes  formed 
by  the  action  of  the  metallio  earbonatea,  hydroxidea  or  oxidea  on  glyeioe,  are 
mostly  onsily  soluble;  the  most  characteristic  la  the  copper  salt  C^HgN,O^Ca  + 
UH,,  which  crystallizes  Irout  liot  solutions  in  magnificent  blue  needles.  Glycme 
forms  two  compounds  with  hydrochloric  acid,  which  may  be  represented  by  the 
ibUowing  furinulfti : 

CH,.NH,.O.CO  CH,.NH,Cl 
CO.OU      CH..NU,C1         COOH  ' 


*  Formoglji'ine  ia  not  known,  bnt  metallic  and  ethereal  aalta  derived  ftom 
it  are  readily  <j»taincd  (comp.  1790). 
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and  it  also  combines  with  a  number  of  salts,  8uch  a^i  the  chlorides  of  potassium 
and  aodiam,  forming  well  crjratallized  compounds,  the  probable  nature  of  which  i» 
inuMed  1^  tha  equfttion : 

GO.a— NH,.CH.  COOK 

AMWdiag  to  HoAnaister  (^jm,  €!ian»  PAdm^  obocxix.  34),  a  aolatioii  of 
pore  mprie  aiiiidMetato  doM  not  faroiah  %  pradpibita  on  the  addition  of  aodio 

hydrate,  and  on  adding  a  caprie  aalt  to  an  alkaline  aolutioQ  of  gl^-cine,  no  preci- 
])itito  is  producofl  until  the  copper  is  in  excess  of  the  proportion  C^Hj^XjO^ :  Cu ; 
doubtless  thert-lure  a  de&uite  compound  ia  formed,  auch  perhaps  a*  ia  repro- 
aented  by  the  formula : 

p„/OJJH,CH,.COQNa 
^  \  OJJH,.CH,.00ONa 

By  heating  an  alcoholic  solution  of  glycine  with  ethylic  iodide,  ethylic 
amidacetate  hydriodide  is  produced,  CII.j(\Hj,I).CO(>CjHj ;  on  treatment  with 
argentic  hydroxide,  this  yields  ethylic  amidacet&te  which  decomposes  on  evapo- 
ration of  tiia  aqoaona  aoluUon  (comp.  Betaina). 

(1773)  Di-  AND  TaiOLTCoiamoic  Acina. — Aa  abova  atatad,  thaaa  oom- 
pom^  are  formed  tc^ther  with  glycine  on  boiling  chloracetic  acid  with  an 
aq  neons  solution  of  ammonia  (for  details  ot  preparation ,  see  Heintz,  ihid..  cxlv.  49;. 
Diglt^rolamidir  arid  crystallizes  in  large  rhombic  prisms,  sonjcwhai  less  soluble 
in  water  than  glycine ;  it  has  a  strong  acid  taste,  and  ia  capable  of  exchanging 
two  aloma  of  hydrogen  for  matala,  bat  ashibita  m  markad  tandanoj  to  liDrni 
mono-metallic  aalta,  and  probably  therefore  oontaina  only  a  abgia  OOOH  groap^ 
ao  tiiat  tta  fiNrmok  may  ba  writtmi  aa  foUowa : 

CH..NlL(Cli,.COOH)  CH,.NH,(CH,.C001I).0.C0 
I   '  I  or  thaa  I  I 

CO .  0  C0.02JH,(CH,.C00H) .  CH, 

It  alao  forms  crystallina  oompoonda  with  aoida,  aook  aa  the  hydfoohlorida 
NH,CI(€fH,.000H)^     When  aobmitted  to  the  action  of  nttrona  add,  it  yidda 

nitrosodiglycolamidio  acid,  N(N0)(CH^C00H),. 

TriglycolamhVtf  acid  crystallizes  in  small  hard  prisms,  which  dissolve  with 
difficulty  in  w^iittT,  rurnishini;  a  btrougly  acid  solution;  when  treated  with  baric 
carbonate,  it  exchanges  only  two  atoms  of  hydrogen  for  metal,  but  forms 
triaaatallio  aalta  with  leaa  poattiva  matala,  ao  that  ita  formula  ia  probably 
either 

CH,.N(CH^000H),  CH^N(CH,.C00H)^0.C0 
CO .  0  "  C0.0.N(CH,.C00H), .  CH, 

It  does  not  form  stable  compounds  with  acids,  although  it  is  more  soluble  in 
acids  than  in  water.  Nitrous  acid  is  entirely  without  action  upon  it  (Ueintl« 
ibid. J  cxxii.  257;  cxxiv.  297;  cxxxvi.  213;  cxxxviii.  300). 

(1774)  HiPPUBic  or  Bbhzaiiidacktic  Acid  and  Allibd  Compoumd8; 
Jlippurio  aeidt  C.H.NO,  =  CH,.NU(COc',H  J  COOK— Salta  of  thia  add  aio 
nonnal  conatituai*ta  of  human  urina,  although  preiient  in  very  small  quantity 
(•03 — '04  percent,  of  acid),  but  olten  occur  in  largequaiiiity  in  the  urine  of  herbivora; 
the  calcic  salt  may  be  directly  crystallised  out  iVom  concentrated  horses'  urine, 
and  the  acid  tnay  easily  be  prepared  from  horses'  or  cows'  urine  by  evaporati  <g 
the  urine  to  about  one-fourth  ita  volnma,  and  then  addolating  it  with  LyUro- 
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chloric  acid  :  tlie  rniJt'  acid  which  spparutes  is  dinsolvcd  in  a  dihite  bolution  of 
eodic  hydrate  and  tullicietit  sodic  hypochlorite  addt-d  to  the  boiling  liquid  to 
render  it  colourleiis,  ailer  which  the  acid  in  again  precipitated  by  Lydrochlorio 
acid,  and  onoe  recryvtalliaed  from  boiling  water. ,  It  maj  be  artifioially  obfcaiMd 
by  heating  glydne  with  benaoio  acid,  or  lienxoic  diloride,  C,H,.COCI,  with  the 
silver  or  zinc  salt  of  amidaceUo  aind,  and  iA  also  formed  in  email  qoantity  00 
heatin<;  chlorjict*tic  acid  with  benzamide,  C^H,.('( ).NHj. 

Hippuric  acid  «Tyrttallixc8  in  colourh-ss  rhombic  prisms,  mcltinif  at  iSy^'S 
(369°  F.),  which  diaMolve  in  about  600  pta.  cold  water,  forming  a  stronglj  acid 
aolntion.  It  fiirniabea  a  narober  of  metallio  ealte  of  the  general  fonaola 
C,H,MNO,,  but  does  not  combine  with  adds;  thia,  t<^ether  with  the  fact  that 
it  has  a  marked  acid  reaction,  indicates,  as  aln  ady  pointed  out,  that  it  is  a  true 
aroido-acid  and  not  a  glycine.  By  the  action  of  chlorinating  and  broininating 
agentii,  a  number  of  chlorinated. and  brominated  hippuric  acidx  have  l>een  formed; 
and  when  treated  with  concentrated  nitric  acid,  it  yields  meta-nitrohipparic  add, 
eon^ertible  bj  redaction  into  amidohipptiric  acid,  from  whieh  latter,  \y  Qmm'* 
method,  hjdroiyhippurio  add  may  be  formed  (eomp.  Conrad,  Jour,  pr,  Ckem, 
[2],  XV.  241).  All  these  compounds  result  apparently  from  the  displacement  of 
hydrof^en  atoms  in  the  (\Hj  group,  liy  the  action  of  hydrating  agontj*.  and 
especially  uf  boiling  hydrochloric  acid,  hippurio  acid  is  readily  decomposed  is 
the  manner  represented  by  the  equation : 

CH,.NH(C,H,.CO).C0OH  +  OH,+  liCl  =  CH,  NH,C1.C(X)11  +  C.H^.COOH. 

Hippuric  acid.  Amidaftic  Ljdrochloridc.       licntiiic  acid. 

The  amount  of  hippuric  acid  excreted  in  the  nrine  in  the  case  of  man  moA 
dependa  on  the  nature  of  the  diet:  an  increaae  in  the  amount  of  vegetable  eon' 
aomed  oanaee  a  more  or  leas  marked  incniase,  aotiording  to  the  nature  of  th« 

vegetable  ;  and  in  the  cane  of  the  lierhivora  also  much  more  is  prodnci  d  with 
certain  kinds  of  food,  h  as  ^rasa,  hay  and  straw,  than  with  others,  surh  as 
potatoes,  swedes  and  tleahy  roota.  Moreover,  when  benzoic  acid  or  suUstaiicef 
which  readily  fumiah  benxde  add  00  oiidation,  each  aa  toluene,  bcnzaldehydeb 
dnnamio  and  qninio  aeida,  are  taken  internally,  they  are  eiereted  in  the  oriai 
as  hippuric  add.  Snbetitation  dcrivativee  uf  benzoic  acid,  audi  as  diloro-, 
amido-,  hydroxy-,  raethoxy-  and  incthylboi, zoic  acid  are  in  like  manner  converted 
in  their  passa^T  through  the  system  into  the  c<)rrr-.{.on(iiii;^  derivatives  of  hippuric 
acid,  even  paranittotoluene  un  lergoing  oxidation  and  conversion  into  paranitro 
hipporic  add  when  adminiaterrd  to  dogs  {J&ff6,  Deut.  ekem.  Get.  Ber.,yni.  1673)- 
(1775)  Alahinm  or  Pbopahboltcinm:  (P)  C,H,N0,  or  C,H„N,0,.— 
a-Alaiiine  '\»  produced  together  with  the  compound  homologous  with  diglycolaniidie 
acid  on  b^  ilin.;  a-iodopropionic  acid,  CH  J  CH, .C<_K)H,  with  an  aqueous  solutioB 
of  ammonia,  and  crystjiUizcs  in  colourless  rhombic  prisms  very  soluble  in  water; 
it  haat  a  sweet  taste,  and  apparently  is  without  action  on  vegetable  colour*. 
Coprio  a-amidopropionate,  C,H^,CuNp^  +  5<)I1^,  prepared  by  boiling  a  adufeifla 
of  a'danine  with  euprio  hydrate  cryatallizes  in  large  dark-blue  liioBlM 
priame,  nueh  more  soluble  than  the  cupric  salt  from  /ii-alanine  (Heintz.  ihii., 
clvi.  25).  Accordini^  to  Mulder  {Deut.  ckem.  Ge$.  Jier.,\x.  1903),  this  alanine 
exhibits  a  slight  acid  re;iotion,  and  decompose*  when  heated  with  ammonia  and 
acrylic  acid. 

fi-Alamm*  may  be  prepared  by  digesting  the  product  of  the  action  ef 
hydrocyanic  add  on  amidoethylic  alcohol  (aldehyde-ammonia)  with  hydrochloric 
add  (oomp.  pp.  737»  738);  it  is  also  formed  on  boiling  /J-ohloropropionic  acid 
with  an  aqueous  or  alcoholic  solution  of  ammonia,  but  the  amount  produced  is 
extreint'iy  small,  the  chloro^acid  chiefly  exchanging  its  chlorine  for  Oil  or  00,H, 
(Ueintz,  loe.  ciL).    It  crystallizea  in  tufUi  of  rhombic  prisms,  and  exhibits  the 
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closest  re«emblance  in  iU  properties  to  glycine.    Tlie  oupiic  /j-amidopropionate 
prepared  from  it  eryitalliiM  with  only  *  Mngle  molmile  of  wftlar. 

(1 776)  TiBOSurs:  C,H,jNO,.— ThuMmpoond  is  a  prodnetof  the  Mtion  of 
hjdnitang  agenU  im  variou^j  albumenoid  8ub.stance«,  and  oeeorri  together  with 
leucine  in  the  pancreas  and  other  parta  of  the  animal  organism,  and  also  in  cochi- 
neal and  many  of  the  lower  forms  of  animal  life.  It  is  best  prepared  from  horn 
Bhavingft,  which  on  tlie  average  yield  about  4  per  cent.,  by  l>oiliug  wilh 
2  pis.  salplmrie  Mid  and  8  pti.  water  for  about  20  ham,  tiien  ntatralinng  the 
iolatum  with  milk  of  lime,  ooncentratiiig,  and  rendering  add  with  acetic  aoid; 
the  tyrosine  whieh  gmdullj  aaparataa  oot  ia  purified  hj  reorjatalliaation  from 

alcohol  containint!^  ammonia. 

It  crystallizes  in  tine  glistening  needles  UHually  grouped  in  bundles,  soluble  in 
aboat  150  ptti.  of  boiling  water.  It  is  characterized  by  furnishing  a  red  precipi- 
tate OB  the  additkm  of  a  aohitioii  of  mereorio  nitrate  and  a  nitrite  or  nitrooa 
acid:  this  preetpltate  haa  the  oompositioii  CJi^flfig^  (Thadichum  and 
Wanklyn,  Journ,  Chem.  80c ,  xxn.  277),  and  is  perhaps  a  nitroso-derivatire. 
Like  glycine,  tyrosine  forms  cryst  ilUne  compounds  with  acids,  such  as  the  hydro- 
chloride C^Hj^NO^Ul,  and  its  ulkuliue  solution  h«i(  the  property  of  dissolving 
capric  hydrate  in  the  same  relative  proportion  as  gljctlne  and  leucine,  but  unlike 
glyeine  it  is  eapable  of  ezohanging  two  atoms  of  hydrogen  for  metals :  thus  on 
boiling  its  solution  with  cupric  hydrate,  the  cupric  derivative  (C,Hj^NOg),Co  ia 
produced,  which  crystallizes  in  dark-blue  glistening  needles  soluMe  in  240  pts. 
boilin<^  and  1230  pts.  cold  water,  but  the  baric  derivative  formed  b)'  di.-isolving 
it  in  boiling  baryta  water  has  the  comp:)siiiun  O^H^BaNO,  +  2UH,.  Tyrosine 
does  not  enter  into  reaction  with  etbjrlio  iodide  at  loo**  (212"  F.)  (Thndushnm 
and  Wanklyn).  By  the  oontinDcd  action  of  ehlorinating  agenta,  it  b  converted 
into  tetriichloroquinone,  C^Cl^O^,  and  when  fused  with  potaMlC  hytlruto,  it  yidds 
paroxybenzoic  acid,  C'JI^(()H).CO()H  (Barth);  it  is  decomposed  by  heating 
with  a  saturated  solution  of  hydriodio  acid  at  140° — 150"  (284*^ — 302°  F.),  its 
nitrogen  being  elintinated  as  ammonia  (Uiifner)  :  it  would  appear  therefore  that 
t^tosine  ia  probably  an  oiyphenyl  deriratire  either  of  a-  or /)*aLuune }  thus  x 

00.0 

(1777)  Tktbaneolycikbs  :  (?)  C^H^NO^  or  C,Hj,N,0^.~Only  one  glycine 
derived  from  butyric  arid  is  known :  it  is  formed  by  digesting  the  produot  of  tht 
aetioa  of  bromine  on  bntyrio  aoid— oonaisting  ehiefly  of  ethylbromacetio  add, 
CH^OH,.CHBr.COOH — with  an  aqueous  or  idooholic  solution  of  ammonia  j  it 

also  occurs  amoni^st  the  sulist.uices  obtained  on  decomposing  albumen  by  means 
of  baric  hydrate  solution  (S^rhiitiu^nberger).  It  crystallizes  in  glistening  plates 
or  tufU  of  needles,  easily  soluble  in  water,  and  like  the  other  glycines  has  a 
sweet  taste  and  ie  without  aelion  on  vegetable  eolours  (Sdneidsr;  Friedd  and 
Maehuea,  ihid.,  Supp,  ii.  70). 

(1778)  P1NTAUB0LYCINE&:  (?)  C,H„NO^ or  C,^H^,0^.— Ou hoating iso- 
propylbroraacetic  acid,  (CHj),('lI.CIIHrA'O0H  (from  isoprimsry  valeric  acid), 
with  ammonia  (Fittig  and  Clarke,  ihid.,  oxxxix.  200  ;  Schmidt  and  Sdchtleben, 
ibid.,  cxciii.  105),  a  glycine  is  produced  whieh  apparently  is  identical  with  the 
anbatanee  «f  the  same  formnla  iabhiad  Iran  the  paoemaa  of  the  ox  by  Qorup- 
Beaanen  (ibid^  ealii.  574;  eomp.  Nendo,  Aura,  pr,  Cim.  [2],  zv.  393),  and 
as  one  of  the  products  of  the  dceompositioti  of  albumen  by  baric  hydrate  (Sohiita- 
enberger).  It  crystallizes  in  shining  plates  consistinf?  of  flat  monoclinic  prisms, 
and  sublimes  without  previous  fusion  wlien  caiefn'.ly  li^'.ited  ;  it  has  no  action  on 
vegetable  colours.    On  adding  cupric  acetate  to  iut  a<^u«Mas  solution,  the  liquid 
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beoomes  deep  Une,  and  after  a  tima,  ctpedally  on  warming,  cuprie  amidoiiofB^ 
lecaie  separates  in  tnukiparent  icalee. 

(1779)  Leucines  or  Hexaneoltcihis:  (P)  C,Hj,NO,  or  C,JI„N,0^.— The 
leucinen  bear  the  same  rchition  to  the  caproic  or  hexylic  acids,  C^Hjj.C()<HI, 
that  glycine  bears  to  acetic  acid.    At  prei^ent  onlj  two  of  the  manj  possible 
isonerides  have  been  artiticially  prepared :  one  of  theee  ie  obtained  bj  the  aelion 
ofammoniaon  the  bnnDO-aiMd  formed  by  heating  eaproie  add  with  bRnnine,andii 
therefore  probablj derired frosinormal  butylbromacetic  acid, C^H,*.CHBr.COOH 
(Hiifner,    Jour.  pr.    Chem.  [2],  i.  6);  the  other  has  been  prepared  from 
the  product  of  the  a<;tion  of  hydrocyanic  acid  on  the  amidoamylic  alcohol  formed 
from  valeral  and  ammonia  (1634)  by  digesting  it  with  hydrochloric  acid  (Lim- 
prioht ;  corop.  Hufner),  and  may  therefore  hare  been  a  mtstnva  of  two  iaomendani 
although  dmiblleai  principally  formed  ftom  the  amidoamylio  abohol  of  the 
formula  (CH,),CH.CH,.CH(NH,).OH.    According  to  HUfner,  the  two  prodocti 
exhibit  the  closest  similarity  in  most  reepeota,  but  the  former  iaonly  about  half 
M  soluble  in  cold  water  as  the  latter. 

Leucine  is  one  of  the  chief  products  of  the  action  of  hydrating  agenti  en 
many  albamcnoida  and  ammal  aafaalHMM»  aneh  aa  bom,  fibrin,  ^  ;  earvieil 
ligament  is  said  to  yield  firom  38  to  45  per  eant  when  deoompoaed  by  boilbg 
with  5  pts.  of  a  mixture  of  I  pt.  sulphuric  acid  and  pte.  water.  It  is  beet 
purified  by  cryst^illization  from  alcohol  containing  ammonia,  the  last  trace  of 
colour  bein^  removed  by  crystalli'/Jitioii  from  alcohol  and  water  (HofmcisterV 
Leucine  from  horn,  t&c.,  forms  soft  nacreous  scales  consisting  of  concentricaily 
grouped  rbombio  priam*}  it  ia  eaid  to  bo  taatekaa,  and  to  diaaolvo  in  aboet 
27  pts.  of  oold  water.  Nen^i,  bowarer,  atatea  that»  by  allowing  os-pancreai  te 
putrefy,  a  leucine  may  be  obtained  which  has  a  slightly  sweetish  taste,  and  ve^jaiics 
43'6  parts  of  water  at  I4°"5  (58°'!  F.)  to  dissolve  it  {  Juiirn.  pr.  Chm-t 
[2],  XV.  390).  According  to  Hiifner,  leucine  from  caproicin  id  dissolves  in  I07"5 
ptB.»  and  that  from  valeral  in  47  8  pts.  of  water  at  12°  (53°  6  F.),  although  the 
two  prodneta  axaetly  reeemble  laoeine  fifom  bom  or  fibrin  in  appearance,  and  foi^ 
nibh  similar  nitrates  and  ooprie  salts.  I^mn  theae  few  statements  it  will  be 
evident  that  oar  knowledge  of  the  lancines  is  extremely  imperfect.  The  cupric 
amidocaproate  obtained  by  boiling  a  solution  of  pure  leucine  (from  horn)  w^ith 
cupric  hydrate,  is  very  dithiultly  soluble  even  in  hot  water,  and  crystallizes  in 
delicate  pale  blue  scales  ;  it  is  much  more  soluble  in  solutions  containing  the 
eoprio  aalts  dorived  ftom  the  homologous  glycinea.  Leneine,  like  gljeina»  has 
tbo  property  of  preventing  the  precipitation  of  cnprie  hydrate  by  an  alkali,  no 
precipitate  being  formed  on  adding  cupric  sulphate  to  a  solution  of  leucine  in 
excwA  of  sodio  hydrate  until  the  proportioa  C„H^,0; :  CoSO^  ia  exceeded 
(Hofmeister). 

(1780)  OcTiJiKGLYCiJfBB:  (?)  C.IIj^.O  or  C„H^N,0,.~Of  tho  tatga 
nnmhar  of  glyeinea  to  bo  deririd  ftom  the  oetyiio  aeida,  only  ono  is  known,  Yii.» 

that  obtained  from  tha  product  of  the  action  of  hydrocyanic  acid  on  the  amido> 
alcohol  formed  from  normal  heptaldehyde  and  ammonia  (1635). 

The  glycine  thus  prepared  crystallizes  in  nacreous  plates,  and,  like  the  other 
glycines,  when  caretully  htMited  tubliines  without  melting ;  it  dissolves  in  about 
150  pts.  of  boiling  water.    It  forms  well  crystallized  compounds  with  aoida. 

Brienmeycr  and  Sigal  {Awn*  Ok^m,  Tkmm.,  ekzri.  341 ;  olixviL  iii) 
have  shown  that  the  amount  of  glycine  thus  prodooed  is  only  equivalent  to 
from  4  to  |rds,  according  to  the  condition  of  experiment,  of  the  amount  of 
heptaldehyde  employed.  The  reasons  for  this  are  that  a  portion  of  the 
amido-cyanide  which  is  formed  bv  the  action  of  the  hyarocyunic  acid  on 
tha  amido-aloohol  (C,H„.CH(NH,).OH  +  HCN  =  C,H„.CH(NI1,).CN  ♦  OH,), 
apontanaonaly  nndeigoaa  deaomporition  into  ammonia  and  imido-^yanida,  tha 
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litter  beiog  tA  onoe  prodoeed  in  large  quantity  if  the  aotion  be  allowed  to  take 
plaoe  with  too  gnat  TioleMe}  thna: 

C.H„.CH.NU.  C.H,..CH.NH.CH.C.H„ 

CN  CX  CN 

AmidocaDrTlonitrile.  Imidocq^lonitrile. 

By  boiling  this  imido-cyanide  with  a  20  per  cent,  solution  of  hydrochloric  acid 
(b.  p.  1 10'  C),  or  by  heating  it  with  40  per  cent  acid  at  105°  (221°  F.),  it  is 
decomposed  in  the  following  manner : 

C«H,^CH.Nfi.CU.C«H„+iOH|+aHCl-C.H,rCH.NH»Cl-»>C«H,^COH'fHCN 
hiH     An  ioOH  -l-NH^OI; 

bat  digeeting  it  on  the  water  bath  with  40  per  eeot*  aeidf  it  la  alfnoet 
eotiielj  eon? erted  into  imidooapiylimide  and  iinidooaprylio  acid: 

Imidocaprjlimide  CH.NH.CH      Imidocaprvlic  acid  CH.NH..CH 

III  III 

C0.0  COOH 

and  tiieee  eompoonda  are  onlj  deoompoeed  by  heating  with  40  per  cent. 

hydrochloric  acid  at  180*  (356' F.).  The  amount  of  glycine  obtained  there- 
fore depends  entirely  on  the  mode  in  which  the  amido-alcohol  ia  acted  upon  by 
hjdroqyanio  acid  and  in  which  the  product  ia  treated  with  hydrochloric  acid. 

(1781)    HySBOXT-ACIDB  DBBITBD  FEOM    THB    AciIW  OV  THX 

Acetic  Ssribs. — By  the  displacement  of  one  or  more  atoms  of 
hydrogeu  in  the  C^U^^^^  radicle  of  the  acids  of  the  acetie  leries 
by  the  group  OH  a  series  of  hydroxy-acids  of  the  general  for- 
mula C^H(2n+i_m)(^^^)in-C00^i  ^^'^  obtaiucd,  which  obviously 
may  be  regarded  as  related  to  the  alcohols  of  the  form 
^ii^^(2n+i-in)(0I^)m  prcciscly  thc  same  manucr  that  the  acids 
of  the  acetic  series  are  related  to  the  paratiius.  A  considerable 
number  of  monliydroxy-acids — so-called  acids  of  the  lactic  scries 
— have  been  obtained,  but  at  present  very  few  containing  a 
{H'eater  number  of  hydroxyl  groups  are  known,  and  most  of  these 
have  been  produced  by  oxidation  of  polyhydric  alcohols  such  as 
glycerol  and  erythrol.  The  highest  value  for  f»  in  the  above 
fomrala  yet  observed  is  5,  this  being  realized  in  the  caae  of 
^uconic  acid  and  its  iaomerides,  CgHg(OH)g.COOH. 

The  kydraxy'ttcids  are  much  less  stable  compounds  than  the 
parent  acids,  most  of  them  decomposing  when  distilled,  and  being 
readily  oxidised;  they  are  for  the  most  psrt  easily  soluble  in 
water.  Those  in  whidi  more  than  one  hydroxyl  group  is  asso- 
ciated with  a  single  carbon  atom,  like  the  corresponding  oar- 
binols  (comp.  1491),  are  only  capable  of  existing  under  certain 
foTonraUe  conditions  and  cannot  be  isolated,  although  thejr  may 
furnish  perfectly  stable  derivatiTes. 
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The  behaviour  of  these  Itj  druxy-acids  may  be  at  once  pictured  if  it  be  remem- 
bered that  they  are  deri?ativw  both  of  the  acids  nl[  tke  aoetac  teries  and  «f  tin 
alcohols  (carbhiols)  derived  from  the  paraffins.  Thus,  like  the  adds  of  the  aeetio 
veried,  they  exebange  the  hydro^fn  of  the  (H>OII  group  for  metals  when  acted 
upon  by  metallic  oxides,  hydroxides  and  carbouatos,  but  like  the  carbinols  they 
do  not  funiish  metallic  derivatives  stable  in  presence  of  water  by  the  exchange 
for  nietahi  of  hydrogen  in  the  Oil  group;^  a^tsociated  with  the  hydrocarbon 
ladide^  althou)^  the  hydrogen  in  these  groups  may  be  displaced  by  the  more 
positive  metab  each  as  sodium  by  udAng  with  the  mefaJ  itself  on  Uie  eihenal 
sails  formed  by  the  iatrodiietion  of  hydrocarbon  radicles  in  place  of  the  hydrogen 
in  the  COOH  ^roup ;  the  cottipoundn  tiius  formed,  iiowever,  like  the  analogons 
metallic  derivatives  of  tlie  carbinols,  are  decomix)bed  by  water  and  the  metal 
displaced  by  hydrogen.  Again,  by  the  introduction  of  positive  hydrocarbon 
ndieles  snob  as  ethyl,  C,H,,  or  of  negative  radicles  sn^  as  acetyl,  ^t^^fit  in 
plaoe  either  of  the  hydrogen  in  the  OOOH  groap  or  of  that  in  the  OH  gnmps 
associated  with  the  hydrocarbon  i^dicle,  oompoonds  ara  obtuned  whioh  nauifeyt 
the  closest  rejsemblance  to  those  derived  in  a  simUar  fwniMf  from  the  acids  of 
the  acetic  series  and  the  carbinols  respectively.  Than  the  ethereal  salts  of  the 
form  CnH,„(OH).C00Ca,H,n,  ^„  which  may  be  prepared  by  the  action  of  the 
carbinols  on  the  bydrozj-aeids  in  presence  <^  hydrochlorio  acid,  tike  those  pio- 
daced  in  a  similar  manner  from  the  acids  of  thi^  acetic  series,  are  bat  veiy 
slightly  affected  by  mere  i-ontact  with  cold  water,  although  without  difficulty 
deconj]M>>ed  by  lieatino;  with  water,  especially  in  pretion'ce  of  an  alkali  or  acid; 
the  derivatives  of  the  form  CnHj„(().C„H^  ^  ,)  CUUll  {tt/ieric  acUfs),  however, 
like  the  etliers  formed  by  displacing  the  hydrogen  in  the  Oil  group  of  the 
osrbinols  by  hydrocarbon  radidee,  are  scarcely  affected  even  when  heated  with 
alkalies.  On  the  other  hand,  the  compounds  formed  by  the  ititroJuction  of 
negative  radicles  such  as  acetyl  in  place  of  the  hydrogen  of  the  COOH  groap 
behave  just  as  the  acid  anhydrides  (1758),  and  are  at  once  decompoited 
when  brought  into  contact  with  cold  water ;  whereas,  if  acetyl  be  introduced  in 
place  of  the  hydrogen  of  the  hydroxyl  groups  associated  with  the  hydrocarbon 
ndide,  compounds  are  obtained  which  resemble  the  ethereal  ealts  formed  by 
similarly  displecing  the  hydrogen  in  the  OH  ^'roups  of  carbinols,  being  only 
blowly,  if  at  all,  acted  upon  by  cold  water.  Further  illustration  of  the  double 
relationship  of  the  hydroxy-acids  is  afibrded  by  their  behaviour  with  ihe  haloid 
acids  iiiid  haloid  phosphorus  compounds.  When  submitted  to  the  action  of  the 
ibnuer,  they  exchange  -the  Oil  groups  associated  with  the  faydrocarbom  radicle 
for  the  equivalent  amount  of  hslogen,  the  hydroxyl  present  in  the  form  of 
cailuxyl  remauuilg  intsot;  when  acte>l  u[)on  by  the  latter,  however,  all  the 
hydroxyl  groups  present  are  displaced,  but  on  bringing  the  compounds  thus 
formed  into  contact  with  water  the  halogen  which  has  displaced  the  OH  group 
present  as  CO.OH  is  at  once  exchanged  for  hydroxyl. 

In  consequence  of  the  wnflarity  in  the  behaviour  of  the  hydroxyl  in  hydroxy- 
acids  which  is  dived;^  anociated  with  the  hydrocarbon  radicle  of  the  acid,  and 
of  the  hydroxyl  in  carbinols,  the  OH  groups  present  in  this  oondiUon  in  the 
hydroxy -acids  generally  arc  frequently  spoken  of  as  "  alcoholic"  hydroxyl  groups. 
The  number  ot  alcoholic  hydroxyl  [,'roups  contained  in  a  given  acid  may  be 
ascertained  by  submitting  it  to  the  action  of  bodies  such  as  acetic  chloride  or 
anhydride  employed  in  escese,  washing  the  product  with  water,  and  then  asosr* 
taining  by  analysis  how  many  times  the  acetyl  group  is  contained  in  the  new 
auDstance ;  as  above  explained  the  compound  formed  by  the  displacement  of  the 
hydrogen  of  the  carboxyl  group  by  acetyl  is  decomposed  by  mere  contact  with 
water,  so  that  the  number  of  acetyl  groups  contained  in  the  product  is  e^aal  tO 
the  number  of  alcoholic  hydioxyl  groups  in  the  parent  acid. 
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monbydroxy-acids  dbbived  from  the  acids  of  tbi  acetic 
Series  :  Acids  of  the  Lactic  Series. 

(1782)  The  following  acids  of  this  scries  arc  kuowu . 

llo.COOH 
CH,(OH).COOH 

CH,(OH)  CHy<X)OH 

CII,.ClI(()H)('fX)H 
CH,(()lI).t'H„.('H,.COOn 
CH,.Cll(01i)*CH,.C0OU 
CH^CH,.CH(OH).COOH 

(CTI^),.r(0H).CO0h 
(CH,M'H.CII(OH).COOn 
CH,.C(r,H.)(OH).C<)C)H 
CHj.CHiOl'i)  CH(Cig.COOH 
PC.H  «CH(OH).COOH 
(C,H,),C(OH)XIOaH 

cn,.cn(OH).rH(cyi,).C00H 

C,H„.CH(OU).C<X)H 

CH,.CH(C»H).c|^;*^»  ).COOH 

C,Hj,«.CH(OH).o56k 
(C,H,),^C(OH).000H 

cu,.cii(()in  qc,,H,vcoOH 

(C,H„VC(OH).C'OOH 

(1783)  ^bmui^tofi. — ^Acids  of  the  lactic  series  have  been 
prepunsd  by  the  foUowing  methods,  which  all  appear  to  be  of 
more  or  less  general  application. 

1.  By  the  direct  oxidation  of  the  corresponding  acids  of  the 
acetic  series,  as  in  the  formation  of  the  first  term  (comp.  1 807, 1 808).: 

H.COOH  +  (0  +  OlIJ  ^  HO.COOll  +  OH^ 
FMoNid.  CntodeMld. 

2.  By  the  action  of  water  cither  aloiic  or  in  presence  of 
metallic  hydroxides  ou  the  monohaloid  derivatives  of  the  acids 
of  the  acetic  series  : 

CaH,„X.C00iI  +  Oil,  =  C,.H„(OH).COOH  +  HX. 
.  CH,C1.C00U  +  OH,  =  C1I,(0H).C00H   +  IICL 
IfawclikraMlle  mM,  HjdroxjMetfB  aoid. 

TheTiriowiMMiiflricMd  boniologoiitbaloidaeidtdiArgreatlj  m  tbeurMumcmr 
under  theae  circonwUiices,  however,  Rome  being  readily  converted  into  the  cor- 
responding hydroxy-acids,  while  otheri  are  deprived  of  the  clfinents  of  a  molecule 
ol  haloid  acid,  and  thus  furnish  an  acid  of  the  C„H^„. ,.Ct)OiI  or  acrylic  series, 
jupt  as  the  monohaloid  derivatives  of  the  parathns  are  in  some  cases  converted 
into  the  oorreaponding  alcohol,  and  in  othertt  into  hydrocarbons  of  tbs  4»lefine 
series     tlw  action  ^  water  or  instaUiehjdraiidas. 


C.H.O. 


C.H.O. 


CH.()j  llydroxyformic  or  carbonic  acid  . 
CjH^O,    Hydroxyacetic  or  gl)Colic  acid  . 

( a-Hydrozy propionic  or  -ethylenelaetio 

aoid  

/3-Hydroxypropionic  or  ethylidene- 

lactic  aoid  

i^a-llydroxybutyrio  acid    .    .    ,  . 
^-Hydroxy butyric  acid  .... 
;^tl,U,  ^  y- Hydroxy  butyric  add    .    .    »  . 
I  Dimethbydioxjaeetic  or  hydrozj-iao- 

\  botyricacid  

^Tsoprophydroxyacetic  acid     .    .  • 
C^Hj^O,  '  Methethhydroxy.u  t  ti^  acid     .  . 

iy-Meth-/3-iiydiroxy butyric  acid   .  . 

IHydroxycaproio  or  leodc  aeid  .  • 
DietbhydfwiaMtie  add  .  .  .  . 
y-Etb  ^-hydroxybntyric  add    .  . 

Ilsoamylhydnnyaoetio  add  .  .  . 
yMfcibeth^hydroxjbatjrie 


c  H  o  i  .... 

*      •  (DikopropylbydroKyaceticadd    .  , 
C  H  0  ^  7*^'*'**"''"^')'^™*^'^"^3'™*  •^d  .  . 
u  H  «|Dii8oamjlhydn>xyac^io  add  .    •  . 
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Corresponding  "  etlieric  acids"  arc  frequently  produced  by 
the  employmeat  of  an  alcoholic  soiutioa  of  potassic  hydroxide : 

CBr(CH,),.COOH  +  iC^,.OK  =  C(CH,).(OCon,).COOK  KBr  -I-  C^..OH  i 
OifltetblMoaiMatfe  add.  PotaMie  dlmatlMtlioijaeetet*. 

and,  similarly,  by  the  action  of  componnds  such  as  potaaaic 
ihiobydrate,  KSH,  and  tfaioethylate,  KSC^II^,  analogous  tfaio- 
adds  are  obtained. 

3.  By  the  action  of  nitrons  acid  on  tbe  glycines  (i  7 7 1) ;  thns : 

CH,NH,.O.CO  CH..NH.(NO,) 

OO.O.NH,.CH,  •  CO.OH 

Gljdne.  Amidacetk'  nitrite. 

CH^^H,(NOJ  CHJOH) 

COOH  OOOH  •  ^ 

4.  By  oxidation  of  the  glycols  of  the  form  C„H2„(01I).CH3(OH) 
by  dilute  nitric  acid  or  free  oxygen  in  presence  of  platinum  black  : 

c„n,„(on).cii,(OH)  +  2(0  +  oh,)  r-.  c„h,„(OH).cooh  +  3OH.. 

CH,.CH(on).ClJ,(OH)+  2(0  +  OH  J  =  CH,.CH(OH).C0OH  +  3OH, 

Pnpyleoeglycol.  Lactte  add. 

5.  By  combining  the  aldehydes  of  the  form  Cnll^n^i.COH  and 
the  ketones  of  the  form  (CnH2„^.j)gC0  with  hydrocyanic  acid,  and 
digesting  the  resulting  hydrozycyanides  with  hydrochloric  acid : 

C„H,.+,.COH  +  HCN  =  C.H„+,.CH(OH).CN; 
C.H^  4.  ,.CH(OU).CN  +  aOH,  +  Ha  «  C.H^  ^  ,.CH(OH).O0OU  4  NH^Cl. 

CH..COH  +  HCN  «  CH^CH(OH).Caa^ 
■llHddilwdii  CjytMtfvUealMlML 

CH,.CH(OH).CN      sOH.  +  HCl  «  CH..CH(OH).O0OH  -f  HH.a 

(C.H-.+,).CO  ^  HCN  =  (C.H..  +  ,),C{OH).CN; 
(C,H^ + ,),CH(OH).CN  +  aOH,  +  HG  « (C.H^  +  J,0(OH).O0OH  +  NH^a 

(CHJ,CO  +  HCN  a  (CHJ,C(OH).CN| 


(CHJ,C(OH).CN  +  2OH,  +  HCa  a  (CHJ,C(0H).C00H  +  HH/a. 


6.  By  the  action  of  nascent  hydrogen  on  ketouic  acids  of 

the  form  C^Hg^.^CCOOH  : 

C»H|«+».CO.C„H,„.COOH  +  2H  =  C„H.„  +  ,.CH(()H).C„H„.COOH. 
CH,.C().COOH  +  aH  «  CH,.Cli(OH).CUOIi. 
Acetoacetk  acid.  Metbhjdnnjacelic  add. 

7.  By  the  action  of  the  zinc  organo-metallic  compounds  on 
ethereal  salts  of  oxalic  add,  the  product  being  treated  with  water. 

FksBldsnd  and  Doppt,  by  whom  this  imporlsat  msthod  was  diicoftTSd» 
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reprosi  iUed  the  reaotioa  by  equations  of  the  following  form  (PAt/.  Trant.,  1866, 
P-  313): 

CO.OCnH^  +  ,  ^  .       C(C«H,„,  +  .),(OZnC«H,„  +  ,)  /  CmH,„  +  , 

CO.OCnHja  +  ,  CO.OC„H,a  4. ,  (0C^4  , 

H  mgr  be  tugge^ted,  howerer,  that  tb*  mction  more  probiMj  telcM  place  in 

such  a  manner  that  in  the  first  instance  one  of  the  <>C„Tr^n  4.,  gioopi  of  the 
oxalate  U  displaced  bjf  the  radicle  of  the  zinc  compound,  thus: 

CO.OC.H^  +  ,  CO.C|,IL.+  ,  (C,IL-+, 

I  *  +  Zn{C,H^+.).  =    I  +  Zn 

00.0C;^  +  ,        ^  -  -  +         OO.OCA.+i  ioc.H^+. 
and  that  the  prodnot  of  tbia  wMtion  than  cntan  Into  leaetion  with  a  aaoond 
molcealaof  the  sno  ooB^onnds 

COC„H,„  +  ,  C(  ^5^°  +  »      ).C„H^  + , 

CO.OC.H,.  4 ,  CO.OC^  ^  1 

It  maj  be  that  the  order  in  whieb  tiieae  reactions  occur  ia  the  revene  of  that 

hero  supposed,  or  they  may  even  occur  simultaneously  (oomp.  l8lo)«  Theanb* 
sequent  action  of  water  ia  eipreased  by  the  equation  : 

VVoZnC^H.^  +  + » +  2OH.  =  I  +  Zn(OH).  +  C.H^ 

It  is  not  necessary  to  prepare  the  zinc  compound,  but  the  oxalate  may  be  at 
enoe  bronght  into  contact  with  tine  and  the  iodide  of  the  ndidewhidi  it  ia 
leqolrad  to  introdnce;  and  eten  a  miatiire  of  two  iodidea  may  be  employed* 


ethereal  aalta  of  acida  of  the  fitrm  ^  (c^B^^*^*^^  being  then  produced. 

OOOH 

(1784)  PropertuM. — ^Allnaion  has  already  been  made  to  iome 

of  the  properties  of  these  acids^  and  the  following  need  here  only 
be  mentioned. 

I.  The  majority  of  the  acids  of  the  lactic  series  cannot  be 
distilled  unchanged,  but  the  nature  of  the  change  which  they 
undergo  depends  on  their  constitution.  For  example,  when 
hydroxyacetic  or  glycolic  acid  is  heated  on  the  water  bath,  it  is 
gradually  converted  into  dehjdroglycolic  acid : 

CH^OH      COOH  CIL.O.CO 

^  I      ^  '  ' 

OOOH         CH,.OII  COOHCHj.OH 

and  on  continued  heating,  this  compound  loses  the  elements  of  a 
molecule  of  water  and  is  conyerted  into  the  "  ethenc-anhydride 
glycoUde  i 

CH-.O.CO  CH-O.CO 
11  «  I       I      +  OH^ 

OOOHCH^OH  CO.O.CH. 
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ethyl-  and  isopropjl-hydroxvacetic  acids  behave 
in  a  similar  manner,  but  dimethhydroxyacetic  acid, 
(CH,)2C(0H).C00H,  may  be  distilled  unchanged.'  a-IIydroxy- 
})r()pionic  (hydracrylic)  acid,  the  isomeride  of  metliylhydroxy- 
acctic  or  lactic  acid,  however,  yields  acrylic  acid  on  distillation  : 
CH,(OK).CII,.COOH  =  ChJziCII.COOH  +  OU^;  and  the 
homologous  'acids  of  the  form  R'.CH(OII).CH.,.COOH, 
CH2(0H).CH(R').C00H  and  R'.CH(OH).CH(in.COOH  in  like 
manner  furnish  the  corresponding  homologucs  of  acrylic  acid. 
A  third  mode  of  decomposition  is  illustrated  by  the  conver- 
sion of  -y-diethyl-/3-hydroxybatyric  acid  into  diethacetic  acid  and 
ethaldebyde : 

CH^CH(OH),C(C;a,)^COOH  -  CH,.COH  +  CH(C,HJ,.COOS. 

2.  Whea  heated  irith  a  concentrated  aqueous  aolotion  of 
hydriodic  acid,  they  are  conTerted  into  the  corresponding  acids 
of  the  acetic  seriesj  the  reaction  doubtless  taking  place  in  two 
8tagC8,  thus : 

CH,.CH(OH).COOH  +  HI  a  CH^.CHI.COOH  +  OH,; 


CH.CHLCOOH  +  HI  «  CH,.CH,.C0OH  +  I,. 

I(xlopr<if>iunio  add.  Propionic  acid. 

3.  They  are  readily  oiidizcd, especially  by  a  mixture  of  potassic 
dichromate  and  diluted  sulphuric  acid.  From  the  results  hitherto 
obtained  it  would  appear  that  in  most  cases  they  behave  as  the 
corresponding  carbinols,  those  which  contain  the  group  Clij.(OH) 
furnishing  the  conesponding  dibasic  acids  owing  to  the  con- 
version of  this  group  into  COOH  (comp,  p,  886) ;  vhilc  those  con- 
taining the  group  CU.(OH)  are  first  converted  into  dihydruxy- 
acids  which  at  once  undergo  ozidatiou  to  products  containing 
fewer  carbon  atoms,  thus : 

^■^+^j]cH.OH  +  (O  +  UHJ  =  ^'^^jcCOH),  +  OH,; 

^'^h1c(^«).  +  ^H.)  =  C.H.„  +  ,.C(OII),  +  HO.OOOH; 

those  containing  the  group  C(OH)  being  acted  upon  in  the 
following  manner:; 

COOH  J 

(j  785)  Htvroxtfobxic  or GAaBONic  Acid:  H3C02=C0(0H)2. 
—The  preparation  and  properties  of  this  add  need  not  here  be 
described. 

(17S6)  MetaUio  and  Ethereal  Coi'^oiia^.— Although  itaelf  extremely 
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uufttable,  carbonic  acid  furnioheis  many  stable  metallic  and  ethereal  salts ;  but  unlike 
all  the  other  acids  of  the  laeino  series,  it  bthavM  as  a  dibasic  a«d,e»h*nging  with 

equal  facility  both  atoms  of  hydrogen  for  the  equivalent  amount  of  metal ;  this 
behaviour,  however,  is  perfectly  in  aooordance  with  its  constitotion,  since  both 
the  hydroxyl  groups  which  it  contains  are,  it  must  be  supposed,  directly  asso- 
ciated with  the  negative  radicle  CO,  whereas  in  the  homologous  acidi*,  which  are 
represented  by  the  general  formula  CnHjQ(OH).COOH,  only  one  of  the  OH 
groups  is  dirsotly  influenced  by  the  CO  group,  the  other  bung  associated  with  a 
pontive  hydrocarbon  radicle. 

Acid  metallic  carbonates  of  the  form  HM'CO,,  normal  carbonates  of  the 
form  M'„CO  and  a  number  of  ro- called  basic  carbonates  are  known.  The  basic 
carbonates  may  be  viewed  in  two  ways :  either  bh  formed  by  the  partial  dis- 
placement of  the  hydrogen  in  the  hydroxides  of  polyvalent  metals  by  the  radicle 
CO;  or  as  derivatiTCS  of  so-called  orH^earhoiUe  aeid,*  C(OH),.  Thos  mala* 
ehite,  lI,,Cu,CO^  may  be  represented  either  as  a  basic  carbonate  of  the  formula 
(HO.Cu)'jCOj,  or  as  cupric  orthocarbonate  with  a  sinjtrle  molecule  of  water  of 
crystallization,  ('u„C()^  +  OH. ;  buth  classes  of  coinpumds  probably  exist,  and 
there  are  uUo  cat  bcnalc.H  which  may  be  regarded  a«  saiu  of  polycat  bonic  acids  of 
the  forms  xll,CO,  -  ^U,  and  xH^CO^-^ulI,.  The  add  metallic  carbonates 
an  readily  decompoaed  into  normal  carbonate,  carbonic  anhydride  and  water ; 
the  normal  carbonates  of  the  more  posittre  metals  soch  as  potassium,  sodium, 
and  barium  withstand  very  high  temperatures,  but  thoSO  containing  Icss  positive 
metals  are  more  or  less  readily  decomjiosed  by  heat. 

Acid  ethereal  salts  of  carbonic  acid  do  not  exist,  but  metallic  ethereiU  carl<o« 
nates  arsfMrmed  by  the  direct  nniMi  of  carbonic  anhydride  witii  the  metallic  deriva^ 
tiTcs  of  the  monhydric  carbinols,  thus :  CO,  +  NaOCoH^n  +  ^  =  CO,Na.CBH„  + , ; 
and  by  the  action  of  the  hydroxides  of  the  more  positive  metals  on  the  normal 
ethereal  carbonates  in  accordance  with  the  equation  :  C0j(C„Il2n  ^  +  KOH  = 
COjK.C„H,n  +  J  C„IIjn  +  ,  Oil.  These  salts  are  readily  decomposed  by  water, 
yielding  the  corresponding  alcohol  and  acid  metallic  carbonate. 

Normal  etberMl  carbonates  may  be  prodnesd  in  n  Tarielj  of  ways,  amongst 
others  by  the  action  of  corapoands  soch  as  ethylie  iodide  on  argenoe  carbonate 
or  the  metallic  ethereal  carbonates,  the  latter  method  being  available  for  the 
preparation  of  mixed  h&IU  ;  and  by  the  action  of  carbonic  chloride,  (XK'l,.  on 
the  alci)hols  or  their  sodium  derivatives.  The  following  may  be  quoted  as 
examples : 

itkjflk  ettrhomaieg  (C,HJ,C(>,. — ^This  oompoand  is  formed  in  considemblo 
quantity  sa  a  bye-product  in  the  preparaUon  of  ethylie  osalate  fnm  alcohol  and 

csalio  acid,  and  may  also  be  prepared  by  the  action  of  sodium  or  sodic  ethylate 
OQ  ^ylic  oxalate  (q.  t.).   It  is  «  mobile,  colourless  liquid  of  pleasant  ethereal 


•  Orthocarbonic  acid  belongs  to  the  class  of  "  acidhydrola"  (foot-note,  p.  823), 
bearing  the  same  relation  to  curbonic  acid  that  orthoformic  acid  bears  to  formic 
acid.  Its  ethylie  derivative  C(OC,H,)^,  is  a  perfectly  stable  compound,  boiling 
without  the  slightest  change  at  about  160°  (316  4  F.);  it  is  obtained  by 
digesting  triohloronitromethane  (chloropicrin)  with  an  alcoholic  eolation  of  sodic 
ethylate  (Hassett).  Orthocarbonic  acid  may  be  regarded  as  the  last  term  in  the 
of  hydrosidee  formed  by  the  gradual  oxidation  of  methane;  thus: 

OH  [OH  (OH  (OH 


^jH  ^'OH  ^jOH  ,,jOH 


I 


H  ^jH  "'OH  ^lOH 

H  Ih  m  ^OH 


U(th)lio  MsttisUslqrdiol.  Ortbofbnsls  Ortboc«rb<wle 
alcobol.  add,  aeU. 
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odour,  boiliog  at  126*'  (258°'8  F.),  almoat  inwlttUo  in  wat«r,  but  tlowly 
dMompoted  when  left  in  contMi  with  it,  aad  npidly  dfoompoaed  bj  alkalies. 

PhenxfUc  carbonate :  (C,H,),CO,,  is  obtained  together  with  the  chloro« 
carbonate  ClC'O.OCJI^on  heating  phenol  with  carbonic  chloride  in  sealed  tube«  at 
ahout  150"  (302^  F.) ;  it  is  a  cryHtalUne  body,  melting  at  78"  (172'' 4  F.) 
(Kempf,  Jour.pr.  Ckem.  [2],  i.  405). 

(1787)  COMPOOVOO  lOBXBD  BT   THB  DlSPIACSMBHT  OF  OVB  OF  THB 

OH  Qbovps  IB  Cabbobxo  Acid.— ^  the  displacement  of  one  of  the  OH 

groups  in  carbunio  Boid  by  radicles  such  as  CI,  CN,  and  NH,,  oompounds  are 
obtained,  wliich  are,  in  reality,  substitution  derivatives  of  formic  acid,  but  thoj 
are  perhaps  more  conveniently  considered  in  connexion  with  carbonic  ueid. 

(1788)  Ktukueal  CuLUUuc'AKBo^Al£8. — Tbese  couipounds  are  ionned  by 
the  notion  of  cwbonio  ehloride  on  the  aloohole  in  noeofdtoee  with  the  equation : 
O0Cl,-f>HOB'»ClCO.OB'-i-HCL  Thejr  an  ooknrleM,  pungent  mdlingliqnidii. 
which  decompose  in  contact  with  water. 

Ethylic  vlilorofonnate  (^rhlorocarhonate) :  ClC().(X'jHj :  is  obtained  by 
passing  carbonic  chloride  into  anhydrous  alcohol;  the  product  is  rapidly  washed 
witli  cold  water,  dried  over  calcic  chloride,  and  the  cblorolbrmate  sepaiated  from 
the  ethylie  oarbooate  which  ia  Mnnltancously  produced  in  email  qvanlify  by 
fractional  distillation.  It  is  a  colourless  mobile  liquid  of  ep.  gr.  1*139  at  15^ 
(59"  F.),  which  boils  unchanged  at  94°  (20i°*2  F.);  its  vapour  has  a  moat 
irritating  effect  on  the  eyes  and  nose.  When  heated  to  a  temjHTature  of  alnnit 
150°  (302"  F.),  it  is  decomposed  into  carbonic  anhydride  and  monochluretliaiie; 
and  metallic  sodium  caunea  its  oonvenioo  into  ethylie  carbonate :  2C1C0.(X',H^ 
3Na»C0(C)C  ,H,),  +  C0-f>  2NaCl;  henee  it  ia  of  littie  serrioe  in  effecting  the 
introduction  of  the  group  COOC^,  into  hydrngenized  oarbon  oompounda  (Wilm 
nod  Wisi  hiin,  Ann.  Chem.  Pharm.,  cxlvii  150). 

Little  is  known  of  the  honiologaes  of  ethylie  chloroformate.  The  niethvlic 
derivative  is  probably  one  of  the  products  of  the  action  of  chlorine  on  methylic 
formate  (Henry,  Deut.  ckem*  O^i,  JBer.,  vi.  742).  The  higher  homologuea 
appear  to  be  very  nnetable  bndiea,  linee  both  ieobutylie  and  iiiamylio  diloro- 
formate  are  deoonpossd  on  dJatillation ;  they  are  also  very  readily  decompoiwd 
by  water,  and  converted  into  the  oorresinnuling  carbonates,  thus:  C1.C00C^H'  + 
0H,=  HO  C(K)C\H^  +  HCl ;  zllO.CUiyi,    CO(Ot\IIJ,  +  CO,  +  OH,.  * 

(1789)  Ethylic  Cya-nofoumatb  (Cyawocabbonate):  NC.COOOjH^,  was 
firet  obtained  by  distilling  ethylie  oxamate  with  phosphoric  anhydride  (Weddige) : 
P,0,  +  00(NH^.COOC,H,aNC.OOOC,H,  +  ,HPO,;  aoooiding  to  Wallaoh 
(^nii.  Chem.  Pharm.,  clxxxiv.  7),  it  is  best  prepared  by  the  action  of  phospho- 
ric pentachloride:  CO(XH;.C(>()iyi,  +  PCl^  =  CCl,,(NH,).C()Oi\H,  +  POC'I, ; 
(.'C1,(N1I  J.COOC.H,  =  5HCI  +  CNA'(K)CJI,.  Ethylie  cyanoformate  is  a  mobile 
colourless  liquid,  having  an  ethereal  but  pungent  odour ;  it  boils  at  116** 
(240°'8  F.)  It  ilowly  decomposoe  in  contact  with  eoU  waior,  and  rapidly  on 
heating,  into  aloohol»  hydroeyauie  aoid,  and  carbonie  anhydride :  alkaliea  have 
a  similar  action ;  if  left  in  contact  with  concentrated  hydrochloric  acid,  hoa^ever, 
it  is  entirely  converted  into  oxalic  acid,  alcohol,  and  atnmonic  chloride.  Ii  is 
rery  readily  acted  upon  by  ammonia  and  converted  into  ethylic  amidofonnate 
(urethaue),  I< H,.C0OCjH,,  and  ammonic  cyanide;  substituted  amines  lia>e  a 
aimilar  action.  It  eonibinea  directly  with  hydrie  anlphide,  foruiiug  the  cumpouud 
CS(NH,).COOC,H^  If  heated  with  a  small  qoantitgr  of  brombe  at  n  tenpenp 
tare  not  exceeding  120°  (248°  F.),  it  undergoes  a  remarkable  change,  being 
converted  into  a  crystalline  jt  >lymeride.  It  under^^roes  a  similar  chancre  slowly 
at  ordinary  temperatures,  ami  more  rapidly  on  heating,  if  saturated  with  hydro- 
ciilorio  acid  g;is.  This  polymeride  crystallizes  in  well-develo{>ed  six-sided 
priaina,  ditficultly  soiuUe  in  water,  ahx^l,  and  bcnienes  it  melta  at  16^° 
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(329°  F.),  bat  deoompoMS  if  h«Ated  above  thu  temperature.  On  treatmeut 
wifh  bj^btMhlorio  aoad,  it  fiiniithM  ethylio  alcohol,  osatie  acid,  and  amraonfe 
cbknride,  and  is  similarly  decomposed  by  boiling  with  alkalies  ;  but  if  dinsolTed 
in  a  cold  solution  of  potassic  h}drat<*,  it  is  converted  into  the  corresponding 
pota^sic  derivativi',  which  may  be  obtained  crystallized  in  long  needles  by 
allowing  the  solulion  to  evaporate  spuntaneouiily.  Ammonia  produces  a  similar 
change,  displacing  the  OC,H^  group  by  NH,. 

Mclhylie  and  iaolmtylie  oyaoofonnate  are  fomcd  from  the  oorreeponding 
oxamates  on  distillation  with  phosphorio  anhydride ;  the  former  boils  at  about 
100°  (212"  F.),  and  is  more  easily  decomposed  by  water,  tlie  latter  at  146° 
(294°-8  F.),  and  is  less  easily  decomposed  by  water  than  the  ethylio  compound. 
Both  gradually  undergo  |K)lymeri^ation  when  saturated  with  hydrocblorio  acid 
gas  (Weddige,  Jour.pr.  dm,  [2],  x.  193). 

(1790)  AxiDOTOBMio  or  Cabbaiuc  Acid:  NH,.C00H. — ^Thia  aoid  ia  not 
known  in  the  free  state,  bnfc  both  metallio  and  ethereal  salts  derived  from  it  are 
readily  obtained  ;  the  latter  are  usually  spoken  of  a«  urtthaneg.  The  metallic 
salts  have  recently  been  submitted  to  careful  inve«tigatioQ  by  Drechsel  («/bum. 
pr,  CiUm.  [2],  xvi.  180). 

Ammome  earhawtaU  s  NH^OOONH^.  apparently  ia  ahnqra  formed  whenever 
carbonio  anhydride  and  ammonia  are  brought  together  either  u  the  anhydrooa 
eonditaoo  or  in  presence  of  water ;  it  ie  a  oooetitnent  of  ordinary  commercial 
ammonic  carbonate.  To  prepare  it  in  a  pure  state,  ammonia  and  carbonic  anhy- 
dride are  Kimulbuieously  p:ussi'd  into  anhydrous  alcohol  which  is  kept  cool ; 
tiuall  crystals  soon  form  in  thu  liquid,  and  when  sufficient  has  been  produced, 
the  eryatals  together  with  the  aleohol  are  encloeed  in  tabee  whieh  are  heated  for 
a  abort  time  to  100*^—1 10"  (2 12**— 230^  F.),  and  then  allowed  to  eool  abwlj ; 
dnring  the  cooling,  it  crystallizes  out  in  large  thin  plates,  which  are  separated 
from  the  liquid,  rapidly  pressed  between  bibulous  jmper  and  dried  over  potansic 
hydiate  (BiKaroff,  ibid.,  i.  283).  Ammonic  carbamate  undergoes  decomposi- 
tion in  contact  with  watt;r,  in  which  it  is  easily  soluble,  being  converted  into 
normal  ammooie  earbonate,  but  this  change  takes  place  only  gradually,  especially 
if  anmooia  be  present  (Drechsel) ;  on  the  other  hand,  however,  ammonic  carbo- 
nate dissolved  in  water  is  partially  converted  into  carbamate  (m  standing  (Divers; 
Drechsel.  For  the  method  of  deteciiug  carbamate  in  presence  of  carbonate  see 
Dreclisel,  ibid  ,  p.  170). 

Calcic  carbamate  :  (>tUj.CO,)jCa  +  20H,(comp.  Drechsel). — The  behaviour 
of  this  salt  is  in  many  respects  of  interest  When  water  is  poared  over  it,  at 
first  a  perfectly  clear  soluUon  is  obtained,  but  within  about  half  a  minute  the 
liquid  becomes  t^Mdescent  from  the  separation  of  ciilc  ic  carbonate ;  a  much  more 
stable  solution  is  obtjiined  by  dis-«)lving  the  salt  in  a  solution  of  ammonia,  the 
tendency  to  decompose  being  less  the  more  concentrated  the  ammonia  solution; 
by  saturating  a  warm  ammoniacal  solution  with  the  salt  and  then  cooling  it  to 
0°  (32*  F.),  it  may  be,  obtained  in  magnificent  four-sided  prisms  1—2  min.  in 
length. 

The  metallic  carbamates  apparently  are  in  the  first  instance  all  converted 
into  the  corresponding  cyanates  whc>n  heated  :  NH^.COOM  =  NCOM  +  OH, ;  but 
these  frequently  undergo  further  change:  thus,  ammonic  carbamate  yields  urea 
(Basarofl')i  and  the  carbamates  of  the  alkaline  earth  metals  are  converted  luio 
the  corresponding  metall  o  derivatives  of  eyanamide  NH,.CN  (Dredisel). 

Sthj/Ue  amidqformale  or  carbonafc;  urethane :  NHj.COOC.H^. — This  com« 
pound  maybe  formerl  bv  the  action  of  ammonia  on  ethylic  chloroformate  (t-hloro- 
carUnate):  Cl.COOCH^  +  2XII,  =  XH..C()(K',II,  +  NH^CI,  or  on  ethylic 
carbonate:  CO(CX\H j, NH,  =  NH,.CUO€,Uj  +  HOC.H^;  other  methods  of 
preparation  will  be  described  later  on. 
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n  eryiUnizet  veiy  iwdilj  from  alcohol  in  lai^  transparent  prisms,  melting 
tl  (ia5°-6  F.),  mi  bolls  without  alteration  at  about  180'  (356**  F.){  it  W 
nmch  more  stable  in  presence  of  water  than  the  metallic  carbamate!*. 

The  homologous  conijwunda  closely  resemble  the  ethylic  salt.  Melh^lic 
earbatnaie  melts  at  about  55'  (131°  F.),  and  boils  at  177°  (350  *6  F.) ; 
propylic  earhamaUtM^  at  50^  (122°  P.)  (Cabonrs);  uohutylie  eofhammU 
melU  at  55**  (131^  F.)  and  boils  at  207"*  (404°'6  F.)  (Mylius.  Beut.  eJkem. 
Ott.  Ber.,  V.  973)  ;  uamgUc  earbamaie  mailt  at  66**  (iSo'^'S  F.),  and  boils  at 
about  220"  (428°  F.). 

(1791)  Thiocahbomc  .\cid3  and  their  Dkrivativbs. — Tbiocarbonic 
anhydride  (carbonic  bisulphide)  enters  into  reaction  with  metallic  thiohydrides 
(sulphydrates)  and  aulpbtdoa  in  preoiaely  the  tama  manner  that  earbonio  aiih  jdrida 
doea  with  metallic  hydroxides  (hydratM)  and  oxidet,  fiwming  makaUia  thiocar* 
boulea  (anlphooarboiiatea),  thna : 

00,  +  2KOH  «  CO(OK),  +  OH^ 
CS,  +  2KSH  s  CS(SK),  -I-  SH,. 

Bodies  intermediate  in  compot^ition  bttween  the  carbonates  and  these  thio> 
caibonataa  are  probablj  formed  bj  tiie  aoUon  of  metallic  hydrozidea  on  earbooid 
oxysolpbida  and  bienlpbide,  thnst  C8, 4*  2KOH  » K,OOS, -I- OH,,  hot  ihef 
have  not  been  isolated.  On  treatment  with  dilntc  hydroi  hloric  acid,  the  thio- 
curbonates  furnish  thiooarbonic  acid,  CS(SH).,,  as  an  oily  Yn\n\d  ;  by  boiling  their 
aqueous  solutions  they  are  rapidly  converted  Into  carbonatoi*,  a  similar  decom- 
position taking  place  at  ordinary  temperatures  :  K,CSj  +  3^H,  =  K,CO,  +  38!!^ 

Garbonio  aidiydnda,  however,  not  wly  oommnea  with  metalUc  hydraxidM 
and  metallic  derivatives  of  the  oarbinols,  bat  ako  with  meUllio  derivativsa  of 
thioearbinols ;  and  in  like  manner,  carbonic  ogi^ysillphids  and  blMi^bide  unite 
with  metallic  derivatives  of  the  carbinols  forming  crystalline  metallic  ethereal 
salts  of  thiooarbonic  acids.  Thus  carbonic  oxysulphide  and  bifjulphide  unite 
with  potassic  cthylate  forming  the  compoundb  CO(OC,H,).SK  and  CS<0C,H,).8K 
respectively ;  on  treatment  with  hydrochloric  add,  the  former  is  at  once  decom^ 
posed  with  evolotifm  of  carbonic  oxysulphide  (Salomon,  Jour.  pr.  Ckem,  f  2],  v. 
476),  l>ut  the  latter  yields  the  acid  ethylic  salt — ranthic  arid,  C,H^O.CS.SU,  as  a 
colourless,  heavy  oil,  insoluble  in  water.  T5y  the  a(  ti(Mi  of  iodine  on  these  nift.»!lic 
ethereal  salts,  the  metal  is  withdrawn  and  compounds  resulting  from  the  residut-s 
of  two  molcxules  of  the  salt  are  produced,  potassic  xanthate,  for  example,  being 
acted  npon  thus:  2C,H,O.C88K+ I,  -  (C  ,H.O.C».S),  + 2KI. 

The  oxygen  in  the  normal  ethereal  salts  of  earbonio  acid  may  also  be 
partially  or  wholly  displaced  by  sulphur.  Thus  the  following  complete  series  of 
thio>derivatives  of  ethylic  carbonate  is  known  (comp.  Salomon,        vL  433) : 


B.P.*C.  8p.Or.iftt9*a 


1-0285 
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1*0325  (F) 

196 

1085 

200 

1085 

240 
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f  OC  H 

T.  CO     g(^'j^*»  action  of  ethylic  chloroforraat©  on  sodic  IHoelliylate, 

C  ,H,.SNa;  (uid  bj*ihe  Mtka  of  etikjrlio  bconuxto  on  the  lak  CO(OG,HJ^£ 

(Salomon). 

II.  CS(CX:,H,),,  by  heating  the  compound  (S.CS.OC.HJ^  (Debua). 

in.  C0(SL\u3,.  by  the  eotum  of  snlpbimo  aoid  oa  ethylio  thioegniMite, 
NCSC,H.  (Schmitt  and  Glati),  and  bj  the  aetioa  of  owbonie  ehloride  on  aodic 
thioethjlfSte  (Salomon). 

IV.  CS  I  by  the  MkioD  of  ethylie  ohkride,  bromide  or  iodide  on 

potsMic  xanthate,  CS(OC,HJ.SK  (Debus,  SHlomon). 

T.  CS(SC,H.),,  by  the  eetion  of  ethylie  chloride,  bromide  or  iodide  on 
poteeoie  thiooarbointe  (Sehweitier,  HoMmann). 

They  are  mobile  liquids  of  unpleasant  odour.  Those  which  contain  the 
radicle  CO,  like  ethvlic  carbonate,  furnish  ethylie  carbaiuate  XK..COO0,H.,  or 
urea  CONjH^.  on  dic^e^tion  with  ammonia;  whiTOiis  thttse  containinf^  the 
radicle  CS  iiually  yield  aromonic  thiucyaiiate.  Tiieir  behaviour  with  an 
akoholW  aoln%ion  of  potaerie  hydrate  ie  in  tome  rMpects  peooltary  eioee  tboee 
eoDtaimnff  the  radiale  CO  form  potaMie  oarbonata,  whereaa  thoae  containii^f 
the  iwdiele  CS  form  the  salt  CO(OC,H.).SK;  it  may  be  suppoticd  that  the 
deoonii>osition  of  the  thiocarlxinati-  is  not  immediat«'ly  effecU'd  by  the  pota-ssic 
hydrate,  but  that  an  orthothioc  u  Ixmato  ii  first  produced  by  their  combination 
and  iiubaequentiy  decomposed;  thus: 

IOC.H.  .ll^^VU 

ISK 

The  iaomerie  methylie  ethylie  dithiooathonataa 

CH^CS.OC,H,  and  CH,O.CafiC,H, 

behaTe  in  a  aimiUir  manner,  both  bring  converted  into  the  aame  ethylie  aalt, 
KS.COOC^Hj.  by  the  action  of  potassic  ethylate,  and  into  the  oorreapondiDg 
methylie  salt,  KS.COOCH^,  by  the  action  of  potassic  methylate;  the  latter  salt 
is  even  converted  into  the  ethylie  salt  by  mere  hoiliTjj^  with  ethylie  akohoij  but 
the  reverse  change  has  not  been  effected  ^Salomon,  ihiJ.,  viii.  1 14). 

Carbonic  oxysulphide  and  bisulphide  behave  like  carbonic  anhydride  with 
ammonia,  combining  directly  with  it  to  form  ciyatalline  ammonic  thiooarbonatea ; 
that  produced  from  carbonic  oxysnlphide  hae  the  formula  KH^.CO.SNH^:  on 
treatment  with  dilute  acids,  it  at  once  decompo<«es  with  evolution  of  carbonic 
oxysulphide;  when  heat«'d  alone  at  about  140"  (284°  F.),  it  is  converted  into 
urea,  CUN,H^  (Kretaschmar,  ibid.,  viii.  474).  The  ammonic  salt  produced  by 
the  union  of  ammonia  and  eaihoaie  biaulphide,  when  treated  with  dilute  hydro- 
chloric add,  fhrmahM  the  correapooding  add,  KH,.CSSH,  aa  a  heavy  oily  liquid 
capable  of  deoompoeing  metallic  carbonates  with  etr<M  ve>(-«Mire ;  by  the  aetSon  of 
the  haloijens,  it  is  converted  into  so-called  hydranzotin,  (  NH,.CS.S)j,  a  Ciyilal- 
line  body  of  considerable  stability  {Jour.  Chem.  Sor.,  iSyS.p.  857). 

Ethereal  saltd  of  thiocarbamic  acids  may  be  obtained  by  methods  similar  to 
thoae  by  which  ethereal  salts  of  carbamic  acid  are  formed,  and  they  closely 
reeemble  theae  latter  in  thdr  propertiea;  thoa  the  following  complete  aeriea  cif 
thio-derivatives  of  ethylie  carbamate  are  known: 

I.  NH^.CO.SCjHj.  obtained  by  the  action  of  ^eons  ammonia  on  the  com- 
pound ClCO.SC  Tlj,  produced  by  saturatinf^  thioethylic  alcohol  with  carbonic 
chloride;  it  melts  at  108^  {226^  4  F.)  (Salomon,  ibid.,  vii.  252). 

IL  NH,.CS.OC,H,,  obtained  by  the  action  of  ammonia  on  the  thiocarhonate 
C,H,aCS.OC^,  and  00 the compoand(C,H,O.CSS),;  itmeiwas38''  (100^*4  F.). 
8  8l 
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m.  NH^CS.SC,U,,  prodooed  by  ftli«  dtraet  oonbiiwtioii  of  liydrie  lulphide 

•nd  ethylio  thiocyaimie :  NC.SCJT^  f  STT^  NTI^  CS  SCJI^  (Conrad  and  Salo- 
mon, ihtd.,  X.  28);  it  melts  at  about  42  '  (]o'j'*'6  F.).  When  decomposed 
with  potassic  hydrate,  the  tirHt  of  these  compounds  yields  poUs»ic  carbonate,  but 
the  two  others  furnish  pota&sic  thiocyanate. 

(1792)  Hydroxyacetic  or  Glycolic  Acid;  Glycolic  acid; 
oxyacetic  acid:  aH,0.,  =  CH,(OH).COOH.— This  acid  is  formed 
by  the' action  of  water  on  the  monohaloid  derivatives  of  acetic 
acid  (comp.  1794);  by  the  action  of  nitrom  acid  on  glycine; 
by  oxidation  of  ethylic  alcohol,  ethaldrliydo,  glycol  and  other 
hydroxy-compounds^  such  ais  glycerol^  levulose  (q.v  ),  &c. ;  by 
the  action  of  nascent  hydrogen  on  oxalic  acid  (Schulze,  Church, 
Claus)  or  ethylic  oxalate  (Egbis^  Debus) ;  and  by  the  action  of 
alkalies  on  gljoxal  and  glyoxylic  acid  (Debus).  It  has  been 
detected  in  the  juice  of  nnripe  grapes  (Erlenmeyer)^  and  in  the 
leaves  of  the  Virginia  creeper — Ampdopm  hederacea  (Gk>rup- 
Besanez).  It  is  best  prepared  by  boiling  a  moderately  concen- 
trated aqueous  solution  of  monochloracetic  acid  for  several  hours 
in  a  flask  attached  to  a  reversed  condenser,  and  then  evaporating 
the  solution  to  a  syrup  on  the  water-bath  to  expel  the  hydro- 
chloric acid  (Fittig,  Dad,  ehem.  Get.  Ber.,  ir.  1197). 

Hydroxyacetic  acid  crystallifes  from  water,  in  which  it  is  very 
soluble,  in  concentrically  grouped  needles ;  on  dissohing  these 
in  ether  free  from  alcohol  and  allowing  the  solution  to  slowly 
evaporate  in  vaaw,  it  separates  in  anhydrous  non-deliquescent 
plates  melting  at  80°  (17'^°  F.)  (Fahlberg,  Jour.  pr.  Chem.  [2], 
vii.  329).  It  is  very  easily  reduced  to  acetic  acid  by  heating 
with  hydriodic  acid  solution  (Kekule),  and  may  also  be  converted 
into  this  acid  by  prolonged  digestion  with  zinc  and  dilute  sul- 
phuric acid  (Claus,  Ann,  Chem.  Pharm.,  cxlv.  236).  ^Vhcn  heated 
with  a  saturated  solution  of  liydrobromic  acid  at  100°  (212°  F.), 
it  yields  bromacetic  acid  (Kekul^),  but,  according  to  Fahlberg, 
hydrochloric  acid  is  without  action  under  similar  circumstances. 
It  is  by  no  means  readily  acted  upon  by  phosphoric  penta- 
chloride  :  on  heating  a  mixture  of  the  tw  o  substances  in  simple 
molecular  proportions  to  about  80**  (176°  F.),  hydroxyacetic 
chloride,  CH3(OH).COCI,  is  apparently  pfoduced ;  if  double  the 
quantity  of  pentachloride  be  employed,  and  the  mixture  heated 
at  lao^  (248^  F.],  monochloracetic  chloride  is  formed  (Fahlberg). 
It  is  very  readily  oxidized  and  converted  into  oxalic  acid.  When 
heated  with  sulphuric  add,  it  is  decomposed  in  accordance  with 
the  equation:  CHs(OH).C00H+0H,sCH,(0H),+H.COOH 
(comp.  1624). 

Mrtallic    and    £iAer0al   Aittr.— Hydroxyaeetio    add   tmabe^  a 
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number  of  characteristic  cryatalline  metallic  aalti.  Caleie  A^droxj/aceiate, 
[CH,(OH)COJ,Ca,  cryAtaUiiM  with  2  mob.  of  w*ter  b  gliiitening  ooneentricany 
gfoaped  ueedles,  solaUo  in  8o  pin.  water  at  15**  (59°  F.),  and  in  anhydrous 

much  1^8  Bohible  agt^ref^tes  (Fahlberg;  Cariu.n,  ibid.f  ix.  303).  Cupric 
h  ydroxyaretaU,  [CHj(OH).C0J,Cu,  forma  beautiful  blue  cry staU  ^vhich  disbolve 
in  about  130  pts.  of  cold  water.  Plumbic  hydroxyacetale,  [CHj(OH).CO  JjPb, 
djttallizes  in  transparent  monoclinic  prisms  soluble  in  about  30  pts.  of  cold 
water;  in  order  to  obtain  thia  aalt  it  is  neoemaiy  to  maintdn  tiie  solution 
arid  during  concentration,  otborwise  a  ba>>ic  salt,  (CjH,OJ,OPb,,  is  produced 
(Fahlberg).  Eihyllc  hydroryareiate,  CH2(0H).C()(>C,,Hj,  may  be  prepared  by 
distilling  a  dry  mixture  of  poUis-^ic  h\  droxyaa'tute  and  {)ot.iis."*ic  ethylic  sulphate 
from  the  oil  bath,  or  by  heating  glyoolide  witli  alcohol  at  200°  (392''  F.) ;  it 
is  a  colourless  liquid,  which  boils  at  155'^  (311''  F.).  On  treatment  with 
pbospborie  pentacbloride  it  jieUa  ethjlie  monoehUwaoetato  (Fahlbeig  \  Norton 
and  Tcbemiak). 

(1793)  DiiiiYDROGLYCOLic  AciD  and  Gltcolide. — If  the  syrup  which 
remaiii8  on  evaporating  an  aqut  ous  solution  of  hydroxyacetic  acid  on  the  watei- 
bath  be  further  heated  ibr  any  length  of  time  it  becomes  incapable  of  cry^tal- 
lisng  when  exposed  over  sulphurie  add,  and  on  pooling  it  into  cold  water  only 
ft  portion  dissolves,  leaving  »  white  insoluble  reeidue  of  a  compound  formed  by 
the  withdrawal  of  the  elemente  of  «  molecule  of  water  from  2  mols.  of  hydroxy- 
acetic acid,  which,  however,  is  more  readily  i>re}>arf.l  by  exposing  the  cry><tulline 
acid,  tt)gt'tber  with  sulphuric  anhydride,  under  a  btll  jar  ior  a  ftw  days,  and  wasli- 
ing  the  pulverulent  product  with  cold  water.  Thiii  substance  iK  inviolable  in  culd 
water,  aleoliol  and  ether,  but  dissolvea  m  hot  water,  re-forming  h>droxyaoe^ 
arid ;  by  diserivbg  it  in  fbaed  hydnnyaeetio  arid,  a  mixture  is  obteined  which 
remains  liquid  on  cooling ;  it  raelte  at  aboat  130^  (266**  F.),  but  if  heated  above 
this  temperature,  it  gradually  loees  water  and  is  converted  into  glyoolide  (Fahl- 
berg, loc.  cit.). 

Glycolide  is  more  readily  prepared  by  gradually  heating  anhydrous  sodic 
nonoobloraeetate  to  a  temperature  of  150''  (302^  F.)  for  %  couple  of  days, 
washbg  the  product  with  warm  water  until  the  whole  of  the  aodio  chloride  is 
removed,  and  drying  the  residue  at  200**  (392**  F.)  (Norton  and  Tcherniak, 

Bull.  Soc.  Chem.,  xxx.  103).  It  is  a  white  friable  pubsstance,  melting  at  220° 
(428'^  F.),  insoluble,  or  nearly  so,  in  iiio.^t  sulvent.s  ;  on  boiling  with  water  it  is 
slowly  dissolved  and  reconverted  into  hydroxyacetic  acid,  but  ammonia  readily 
attaoka  it,  forming  glyoolamide,  CH,(OU).CO.NH,,  and  amines  have  «  rimllar 
action. 

The  following  formulae  most  probably  represent  the  rriation  which  these  two 
conpounda  bear  to  hydroxyacetic  acid  (comp.  1802) : 

CH^OU         CHyOX'O  CU^O.(X) 

OOOHCH^OH  G0.0.4!;H, 
etTCoUsseUU         M^jdrofljeQlk!  add.  Oljeottde. 

(1794)  DioLYCOLic  Acid:  C,H,0,  =  0(CH,.C00H),.— When  monochlor- 
acetic  acid  i-s  heated  with  water,  only  glyoolic  acid  is  formed;  but  if  a  metallic 
oxide  or  hvdrate  be  aUo  present  more  or  less  diglycolic  acid  is  u.sually  pro- 
duced. According  to  Schreiber  {Jour,  pr,  Chtm.  [2],  xiii.  43O),  the  soluble 
metallio  hydrates  of  the  form  M'.OH  furnish  chietly  glycolic  arid,  whereas,  with 
those  of  the  form  M''(OH),,  chiefly  diglyooiic  acid  is  produced ;  Uthic  hydrate, 
however,  behaves  more  like  the  hydrates  of  the  alkaline -earthy  metals,  and 
niagnesic  oxide  more  like  the  hydrates  ot  the  alkali  metals.  With  plumbic 
hydrate,  both  glycolic  and  diglycolic  ai  ids  are  formed ;  aluniinie,  zincic  and 
stannous  hydrates  furnish  only  glycolic-  acid,  iLe  uctiou  lakiug  pUce  with 
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Itmwliable  tluwnaw  m  the  case  of  tbe  laai-nMitioned  hydrate;  with  the  oxides 
of  silver  and  mercury  only  glyoolio  acid  is  fiumied,  bat  this  partially  undergoes 

oxidation  to  oxalic  acid.  The  formation  of  diglycolic  acid  is  doubtless  due  to 
the  conversion  of  the  glycolie  acid  first  produced  into  a  metallic  derivative  of  the 
form  M'0.CH,.C'OOM',  which  acts  on  the  ohloracetate  simultaneonaly  with  the 
water,  thus :  CH^CLCOOH  -f  MO.CH,.COOM    0(CH,.COOM),  +  MCL 

Diglycolic  acid  may  also  be  obtained  by  oxidising  dieUiylenio  alcohol, 
0(CHj.CHj.OI!),.  with  nitric  acid  (Wurtz).  It  crystallizes  with  i  mol.  of  water 
in  monoclinic  prisms;  the  anhydrous  acid  melts  at  148°  (298°"4  F.).  It  fur- 
nishes a  numbor  of  crystalline  salts,  which  are  mostly  much  less  soluble  than  the 
oorrespondiug  glycolatai. 

(1795)  Ethbbic  Aoids  dbbitid  FiOM  HTDBOZTiomo  Aon>. — ^By  Mm 
action  of  the  sodium  derivatives  of  carbinols  tadi  mstb jlio^ ethylio  and  amylic 
alcohol  on  chloracetic  acid,  Heintz  has  prepared  a  number  of  etherin  acids  of 
the  form  CHj(OCnHj,j  ^. ,  ).('()( )!!  ;  these  com|)ound8  are  not  decomposed  by 
alkalies,  but  when  heated  with  hydriodic  acid  they  exchange  the  C^Uta  4- 1  radicle 
for  hydrogSD. 

•  ( 1 796)  TnooLTcouo  AiTD  Triooioltoolio  Auim.  -^Tbflse  two  acid*  wn 

both  produced  on  adding  monochloraoetic  acid  to  a  concentrated  Molution  of 
potassic  thiohydrate,  KSH  (Claesson,  Ann.  Chem.  Pharm.,  clxxxvii.  113); 
and  their  ethyl ic  salts  aro  formed  in  like  manner  from  ethylic  monochloracetate 
(Wislicenus,  ibid.,  cxlvi.  145).  When  neutralized  with  carbonates,  hydrates 
or  oiidM  of  SMtala  hftTing  Im  affioitj  for  mlp&or  th«i  for  oxygen,  thioglyooUc 
aoid  Aimiahaa  nomial  lalta  of  the  form  CH,(8H)-000H ;  but  metela  hsving  a 
greater  affinity  for  sulphur  than  for  oxygen  diiplaoe  the  hydvogon  ia  the  8fi 
groopi  than,  it  ia  readilj  acted  upon  by  mereorio  oside  aod  eonvecied  into  a 

(  S(JI1  0O()H 

mpoond  of  the  fomrak  Hg  |  sx'H|!ctX>H'         oryrtaUiMi  firom  hot  w«t« 

in  bng  fine  needles.  On  adding  bario  ehloride  and  ammonia  to  a  eolvtion  of 
the  normal  potawie  ialt»  a  white  efjetalline  precipitate,  abnoet  insolnble  in 
water,  ia  produced,  which  has  the  coinpoiition  leprMentad  bj  tbe  jbrmnli 

I    ^    ^Ba  or   1^       I  . 
COO  i  O0OJBaS.CH, 

The  selenium  analogue  of  thiodiglyoolie  add,  8e{CH,«000H),.  is  obtiuned  as 
amDiouic  salt  by  the  action  of  ammonic  monochloracetate  on  an  alcoholic  solution 
of  ammonic  selenide.  It  crystallizes  from  water  in  large  colourlesa  priams 
(Scnulze  and  Ulrich,  Deut.  chem.  Ges.  Ber.,  viii.  773). 

(1797)  Hydroxypropionic  or  Lactic  Acms :  C^HgO^. — 
Propionic  acid  theoretically  can  only  furnisli  two  monlijdrozy- 

derivatives,  viz. : 

CH,.CH/'OOH  CH,{OH).('n^.r(K)H         CIT  .C]T(()IT).(T)OH 

Pro})i(jnii' ntid.  oHydroij propionic  acid.  ^-Ilvdruxyjirojiioiiic  acid. 

At  least  three  distinct  acids  of  tbe  formula  C.,lI^O^  are  known, 
however,  hut  two  of  these  appear  merely  to  differ  in  certain 
physical  propertieg  and  not  in  their  general  chemical  behaviour. 

(1798)  a-HYDRoxY'>RopioNJC  AciD ;  Eihylenelactic  or  Hydra^ 
erylicAcid:  CH3(OH).CH2.COOH.— This  add  has  been  obtained 
I.  by  displacing  the  iodine  in  a-iodopropionic  acid  (1769), 
CHgI.CHg.COOH,  by  the  group  OH  by  heating  it  with  water  in 
preaence  of  metallic  hydroxides,  those  of  nlfer  and  calcium 
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haying  been  employed ;  2.  by  heating  a-cyanethylic  alcohol 
(glycolic  or  ethylenic  cyanhydrin),  CH^,(OH).CH2.CN,  with  water 
aud  an  alkali  or  a  mineral  acid:  CH^(OH).CH^.CN  + 20H2  = 
CH.lOHj.CHg.COOH-l-NH.,;  and  3.  as  sodic  salt  by  heatfng 
sodic  acrylate  with  a  solution  of  sodic  hydrate  at  ioo°  (aia°  h\) : 
CH^CH.COONa-j-  OH,=CHj|(OH).CHa.COONa. 


The  aetion  oT  ■fgutie  hydioiide  on  MdopraiHoue  and  w«  firrt  ■tadied  by 

Beibtoin,  who,  however,  assigned  tfaa  forinala  CJi^(^^  to  the  acid  produced, 

terming  it  hydracrylic  acid  on  aoeoant  of  its  convenion  into  acrvlic  acid  and 
water  on  distillation.  Two  years  later  (1864)  Moldenhaucr  published  a  paf>er 
in  which  he  tiuggested  that  hydracrylic  acid  was  merely  an  intermediate  pro- 
dw^  wtoting  that  H  oonld  be  eoovertad  into  an  add  of  tho  eompoetfeion  of  laotie 
aoid  by  heating  its  soktion  with  alkaKai,  Ac.  Lator  on  Wichelhaae,  and  enb- 
sequently  Von  .Riditer,  end^ronred  to  prove  that  the  lactic  aoid  thus  produced 
was  sarcolactic  acid,  and  not  the  ordinary  acid  obtainable  by  fennuntation,  but 
without  obtaining  very  definite  results.  The  true  nature  of  the  reaction  was 
finally  ascertained  by  Wislicenus,  who  showed  that  the  iodopropionic  acid  was 
dinetly  oonytrted  into  an  aoid  of  tlM  oonpootion  of  laotie  aoid,  Imt  that,  at  the 
same  time,  acrylic  acid,  C,H^O,,  and  tiro  other  isomerie  adda  of  the  composition 
C^Hj^O,  {dikydracrylie  and  paradipimalic  acid)  were  produoed.  The  lactie 
acid  thus  prepared  was  reconverti^d  with  extreme  readiness  into  a'iodopropiODie 
acid  by  the  action  of  hydriodic  acid,  and  furnished  crystalline  salts. 

By  digesting  a*iodopropiontc  acid  with  milk  of  lime,  Uebts  also  obtained 
aorylioand  laotie  aflida,biit  did  not  obaarvo  tho  fiNrmalion  of  an  aoid  analogooe  to 
diglycolic  acid  ( 1 794),  or  of  the  other  adds  obtained  by  Wislioenos  (comp.  Ann, 
Chem.  Pharm.,  clxvi.  6).  In  the  course  of  his  experiments  Heintz  discovered 
a  comparatively  difficultly  soluble  zinc-calcium  double  salt,  highly  characteristic  of 
the  lactic  acid  thus  obtained,  and  this  same  salt  was  subsequently  prepared 
bjr  Wislioenus  from  the  acid  produced  with  the  aid  of  argentic  hydroxide. 

By  heating  o-ohlorethylio  aloohol  (glyeoKe  or  ethjlenio  dibrhydrm), 
CHj(OH).CH^Cl,  with  potassic  cyanide  and  decomposing  the  resulting  cyan* 
hydriu,  CHj(OH).Cnj.CN,  with  alkali,  Wisliceuus  had  previously  obtained  au 
acid  of  the  formula  ^',11,0^  which  appeared  to  be  isomeric  with  that  from  iodo- 
propionic acid,  as  it  did  not  yield  a-iodopropionio  acid  on  treatment  with 
hjdriodio  add  and  gave  only  amorphoos  aalta.  From  tho  manner  la  whidb 
H  waa  Ibnned,  thia  aeid  waa  apparently  tho  tnie  "ethylenelaotie"  and, 
CH,(OH).CHj.C(X)H,  aud  in  order  to  exphun  the  isomerism  between  it  and 
hydracrylic  acid  (thig  name  being  adopted  for  the  lactic  acid  from  a- iodopropionic 
acid),  Wislioenus  sugi^ested  that  hydracrylic  acid.  a-io<loprop:onic  acid,  glyceric 
and  acrylic  ticids  were  not,  as  was  usually  supposed,  true  carboxylic  acids, 
but  acids  of  peculiar  oonstitation  aieh  aa  aw  repnaantad  hj  the  Mowing 
fimnnla: 

CHJ[  CH^OH  CH^OH  OH, 

I         •  I  I  M 

/CH  /CH  C.OH  /CH 

0   I  0   1  0   I  0  ! 

CH.OH  CH.OH  CH.OH  CH.OH 

••lodopropionie  add  HydrmcrjUc  add.  Oljceric  add.  Acrylic  add. 

Recent  experiments  of  Erlenmeyer  {^Ann,  Chem.  Pharm.,  cxci.  261)  app<>ar 
to  show,  however,  that  the  conclusions  drawn  by  Wislicvnus  were  erro- 
neous, for  this  chemist  finds  that  the  acid  obtained  from  the  chlorhydriu 

CH,(0H).C1I,C1  laadily  yielda  hoth  •4odopropianio  add  and  the  ibo^aldnm 
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double  salt  fihavMterutie  of  ''bydnerjlic  add.'*   The  tmoaiit  of  ejanhjdrin, 

and  therefore  of  acid,  obtainod  from  the  eUorhjdrin  C7I/0H).CH,C1  is  resy 
iiuall.  According  to  Erlenmeyer,  a  far  better  method  of  preparing  the  former 
consists  in  heatinj?  a  mixture  of  ethylenic  oxide  and  hydrocyanic  acid  in  simple 
molecular  proportions  lor  several  days  at  50" — 60°  (i  22° — 140**  F.) ;  the  product 
k  apparently  a  mixture  of  the  cyanbydrin  CU,(OH).CH,.CN  with  a  small 
quantity  of  the  isoiiierie  ethylidenio  cyanbydrin  (1630),  CH,.CH(OH).C!K : 
it  begbs  to  boil  at  190°  (374**  ^O*  bat  diatila  obiefly  at  about  220*^  (428°  F.), 
the  portion  collected  at  the  latter  temperature  consisting  of  the  pure  ethylenic 
cyanbydrin.  When  decomposed  by  boiling  t  ither  with  hydrochloric  acid  or 
with  8odic  hydrate  solution,  the  pure  a-cyanetiiylic  alcohol  yields  both  a-hydroxj- 
propionic  and  acrylic  acids  together  with  a  small  amount  of  an  amorphous 
nitrogeDoua  eompoatid. 

According  to  Lnmemann  (Deut  ektm,  €h».  Ber.,  viii.  1095),  sodic  acrylate 
U  almost  entirely  converted  into  a  mixture  of  the  sodic  salts  of  "  hydracrylic" 
and  Wisliccnus's  ethylenclactic  acid  by  heating  with  an  uqueoub  solution  of 
aodic  hydrate,  the  two  salts  being  formed  in  about  equal  proportions ;  accordmg 
to  Erlenmeyer  {loe,  eiL),  only  a-hydrosypropionato  is  produced,  mvk  of  tba 
•erylate  remaining  nnehaaged. 

In  order  to  prepare  pure  a-hydrozypropionic  acid  from  a-iodopropionic  acid, 
the  aqueous  solution  of  the  latter  iH  digested  with  a  slight  excess  of  freshly 
pii'cipitated  argentic  hydroxide,  the  dissolved  silver  is  tliou  removed  by  hydric 
sulpliidu,  the  solution  neutralisced  with  sodic  carbonate,  evaporated  to  dryness, 
and  the  residoe  aztraoted  with  boiling  95  per  oent.  aloohol ;  th«  nit  wbicb 
eryatallizea  out  on  cooling  ia  poiified  by  reoryslaUinlaon  from  aloohol  and  may 
then  be  naed  fbn  the  preparation  of  the  aoid  or  of  otiier  aalta. 

a-Hydroxypropionic  acid  remains  as  a  strongly  acid  syrup  on 
evaporating  its  aqueous  solution  on  the  water-bath ;  when  dis- 
tilled, it  is  almost  completely  converted  into  acrj^lic  acid  and 
water,  a  decomposition  which  is  still  more  readily  effected  by 
boiling  it  with  a  mixture  of  equal  volumes  of  sulphuric  acid 
and  water.  When  oxidized  with  either  chromic  or  nitric  acid, 
it  furnishes  only  oxalic  acid  besides  carbonic  acid ;  on  boiling  its 
solution  with  argentic  oxide,  carbonic  anhydride  is  evolved  from 
the  oommenoement  of  the  oxidation,  and  glycolic  and  oxalic  acids 
are  produced^  oarbacetoxylic  acid  being  perhaps  formed  in  the 
first  instance;  on  fusing  it  with  potassic  hydrate,  it  yields  chiefly 
formic  and  acetic  acids,  a  little  oxalic  acid  and  perhaps  glycolic 
acid  being  also  formed.  These  results  appear  to  indicate  that  the 
oxidation  does  not  directly  affect  the  CH,.OH  gronp^  hat  imther 
that  the  carboxyl  group  is  the  firrt  to  be  attacked  and  split  off. 

Metallic  a-  Hj/drojrjfpropionatet. — The  argentic  salt  cryittallizes  in  delicate 
needles  and  prisma,  easily  soluble  eteii  in  odd  water.  Sodic  a^kydnu^pro' 
pioHote  is  seldom  obUuned  m  distinet  erystals,  bat  nsaally  separatea  from  a  hot 

alcoholic  aolution  in  crusts;  it  ia  difficultly  soluble  in  hot  anhydrous  alcohol, 

but  more  pnluble  in  95  per  cent,  spirit;  it  is  extremely  deliquescent  in  moist 
air.  Thr  crystallized  salt,  after  drying  in  vacuo,  is  anhydrous,  and  nu'lts  at 
about  143'^  (289^*4  F.)  to  a  clear  liquid;  if  heated  to  about  iSo°  (356°  it 
slowly  loses  the  elements  of  a  molecule  of  water;  the  same  ofaange  is  rapidly 
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tiStM  if  it  be  hettod  at  250**  (482**  F.).  Tke  prodnofc  Bm  the  oompomtion  of 
vodic  acryUte,  but  does  not  entirely  cousist  of  this  salt,  as  it  becomes  warm  on 
moiHtening  with  water,  and  may  then  be  resolved  into  a  mixture  of  sodic  nci  v- 
late  and  of  the  sodic  salts  of  the  so-called  dihydrsicrylic  and  paradipimsilic  acid* 
(p.  S85),  tke  relation  of  which  to  the  parent  compound  is  not  yet  ascertained. 

Oitleie  a-fydrorypropianate,  C,lIj,CaO,  +  20H^  tUtboiigh  r«rj  lolabU 
even  in  eoM  water,  eryatallixea  in  large,  well'formed,  apparently  rhombie  priaina. 
ZiMeie  ai-kydmxf propionate,  C,H,^ZnO,  +  4OH,,  aJao  crystalli?^  very  readily 
in  lai^  triclinic  prisms,  soluble  to  the  extent  of  100  pts.  in  1x9  pts.  of  water 
at  l.^®'5  (59°'9  F.),  and  roiscible  in  all  proportions  with  water  heated  above  60° 
(140  F.).  The  anhydrous  salt  melta  at  160'' (320°  F.).  On  mixing  concen- 
trated aolotioaa  of  tbe  lino  and  ealeinm  aalta  in  abont  eqvtvalent  proportions,  a 
crystalline  precipitate  ferme  eooner  or  later,  oonaiating  of  the  double  salt 
C,H,,CaO,.  C.Hj^ZnO.j  this  salt  dissolves  in  ii'5  pfta.  of  water  at  15"  (59**  F.) 
and  ia  bat  siightij  more  eoloUe  in  hot  water. 

(1799)  j3-HYDBOXYPROPIONIC  OB  MbTHHTDBOXTACBTIO  AciD  ; 

EthffHdendaeiic  Add:  CH,.CH(0H).CO0H.— Two  modifications 
of  this  acid  are  to  be  distinguished  :  the  lactic  acid  prodiiced  by 
fermentation,  which  is  the  acid  of  sour  milk,  and  sarcolactic  acid 
nrhich  has  hitherto  only  been  obtained  from  flesh  juice.  The 
latter  differs  from  the  former  in  being  optically  active^  and  the 
salts  derived  from  the  two  acids  exhibit  slight  differences  in 
composition  ;  but  they  agree  in  their  general  chemical  behaviour, 
and  the  active  mav  be  converted  into  the  inactive  acid.  The 
nature  of  the  isomerism  which  obtains  between  them  cannot  at 
present  be  explained. 

(1800)  Inactive  j3-HYDROxYPROpioNic  Acid  ;  Lactic  Acid. — 
Lactic  acid  or  its  sslts  may  be  obtained,  i .  by  heating  /3-ehloro- 
or  /3-bromopropionic  acid  (1769)  with  water  and  metallic  hy- 
droxides; a.  by  the  action  of  nitrous  acid  on  /B-alanine  (177.5) ; 
3.  by  exposing  a  concentrated  solution  of  methylglyeol, 
CH^CH(OH).CH^OH)^  in  contact  with  platinum-black  to  the 
air;  4.  by  digesting  j3*(7aneihylic  alcohol  (1630)  with  hydro- 
chloric acid ;  5.  by  the  action  nascent  hydrogen  on  pymvic 
acid,  CH3.CO.COOH ;  6.  by  ftising  glycerol  with  potassic  hydrate 
{iUd.  li.,  1 167),  or  by  boiling  glyceric  acid  with  a  solution 
of  potaasic  hydrate  (Debus);  7.  by  heating  dichloracetone, 
CH,.CO.CHCIy  with  water  at  aoo^  (392°  F.)  (Linnemann  and 
Zotta>  Aim,  Chem.  Phaftn,,  cHx.  247) ;  8.  by  heatbg  glucose  with 
a  solution  of  sodic  or  btnric  hydrate  (comp.  p.  581)^  as  much  as 
70 — 80  per  cent,  of  the  glucose  being  converted  into  the  acid 
if  the  latter  be  employed  (Scbiitzenberger,  DetU,  chem.  Get, 
Ber.f  ix.  448). 

Lactic  acid  ia  beet  prepared  by  fermentation  from  cane  eagar ;  as  in  tiie 
▼inooe  fivmentation,  tbe  sngar  ia  fiiit  eonrerted  into  glncoiea,  whieb  are  then 
naoM  into  two  molecolea  of  hwtio  and:  G,H„0«-2CA0,.   This  change 
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takpH  place  under  the  influence  of  a  •peoific  organism.  The  method  usually 
adopted  is  to  add  a  quantity  of  decayed  cheese  and  sour  milk,  together  with 
sufficient  calcic  or  zincic  carbonate  to  neutralize  the  acid  as  it  forms,  to  a  solution 
of  sugar,  and  to  set  aside  this  mixture  at  a  temperature  of  about  40° — 45 
(104^—113^  F.)  fordght  <»r  ten  daja.  The  olieeee  and  milk  limply  ecm 
as  a  means  of  introducing  the  organisms  by  whidi  the  daoomposition  is  effected, 
and  albo  supply  the  mineral  salts  and  nitrogen  necessarj'  for  the  life  and  multi- 
plication of  these  organisms  ;  a  much  purer  product  would  probably  be  as  readily 
obtained  if  small  quantities  of  the  necessary  mineral  salts  were  dissolved  in  the 
sugar  solution,  and  sufficient  previously  cultivated  ferment  then  added  to  inoeor 
late  the  liquid  (comp.  Fiti,  Ihut.  ekem.  Get,  Ber^  xL  1890). 

Pure  lactic  acid  of  tlie  formula  C^HgOg  caunot  be  obtained 
in  consequence  of  the  readiness  with  which  it  undergoes  conver- 
sion into  dchydrolactic  acid,  CgH^(,Or^=  zC^gHgOg  — OUg,  this  chaage 
taking  place  on  mere  exposure  of  a  concentrated  aqueous  solu- 
tion of  the  acid  over  sulphuric  acid  in  vacvo ;  the  strongly 
acid  syrup  obtained  by  evaporating  a  solution  of  the  acid  la 
probably  a  mixture  of  the  compounds  CHg.CH(OU).C(OU)y 
CIl3.cn(OII).COOH,  and  C^Hj^O,,  and  may  even  contain  lac- 
tide,  CgHgO^  (WislioenuB,  comp.  1802,  1803K 

On  distilling  an  aqueous  solution  of  lactic  acid,  a  certain 
amount  of  acid  volatilizes  with  the  steam ;  if  the  syrupy  acid  is 
slowly  heated,  lactide  is  produced,  bnt  if  it  be  rapidly  heated  it 
is  chiefly  resolved  into  ethaldehyde,  carbonic  oxide  and*  water : 
CH,.GH(OH).COOH=:CHrCOH+CO+OHy.  Ethaldehyde  is 
also  produced  togeiher  with  fbrmic  acid  on  heating  lactic  acid  with 
dilute  sulphuric  add  at  130*"  (add^"  F.) :  CH,.GH(OH).COOH+ 
OH,sCH3.CII(OH)3+H.CC>OH:  oxidizing  agents  such  as  a 
mixture  of  manganic  dioxide  and  sulphuric  acid  act  similarly^ 
forming  ethaldehyde  and  carbonic  acid:  CHyCH(OII).CC)OH  + 
(0  +  0H2)=CH,.CH(0H)g  +  H0.C00H,  bnt  if  more  powerful 
oxidising  agents  are  employed  acetic  acid  is  produced.  When 
fused  with  j)otassic  hydrate  it  yields  a  certain  amoiiut  of  butyric 
acid  (Hoppe-Scykr,  Zcits.  physiolog.  Chem.  2,  14). 

Lactic  acid  is  converted  into  /3-bromopropionic  acid, 
CHj.CH(Br).COOII,  when  heated  with  a  saturated  solution  of 
hydrobromic  acid  at  ico°  (212°  F.);  when  treated  in  a  similar 
manner  with  hydriodic  acid,  however,  it  yields  propionic  acid, 
but  /3-iodopropionic  acid  is  doubtless  formed  as  an  intermediate 
product.  Tliis  iudo-acid  may  be  obtained  by  acting  on  syrupy 
lactic  acid  with  phosphorous  iodide  and  treating  the  product  with 
water.  Phosphoric  pentachloride  readily  acts  on  lactic  add  and 
metallic  lactates,  forming  |3-chloropropionic  chloride. 

Lactic  add  is  itself  capable  of  undergoing  fermentation,  and 
if  in  the  prcparatum  of  the  add  turn  sugar  the  fermentation  be 
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not  stopped  when  tbe  conTenion  into  lactate  is  complete^  the 
lactate  gradually  disappears,  giving  place  to  a  mixture  of  acetate, 
normal  butyrate  and  normal  caproate.  It  may  also  be  converted 
into  propionic  acid  by  fermentation  (Fitz,  loc.  cit,). 

Metallic  lactates. — The  salts  of  /3-hydroxypropionic  acid  are  lees  charac* 
tKMtio  iiMm  thoee  of  the  a-acid.  The  eaUsie  lalt,  C,U,^CaO,  +  5OU,,  forms 
itlgTCgatoi  of  siDaU  thin  nsadki,  solable  in  9—10  pti.  of  sold  wattr.  2mm»s 
kefeate,  C^H^^ZnO,  +  3OII,,  cry«ttallizes  in  small  oolowlSM  priaiiia»  aolvUs 
in  about  60  pts.  of  cold  water  and  in  about  6  pts.  of  boiling  water.  Sodic 
lactate  crystalUzoB  only  with  difficulty  and  from  very  concentrated  solutions; 
on  adding  sodium  to  the  lutsed  salt,  hydrogen  is  evolved,  so-called  dUodic  lactate 
or  todie  todaryjn-opionate,  CU^CH(ONa).COONa,  being  produced}  this  salt  is 
inunsdiaftaly  domnpossd  bj  water  into  sodio  laststo  and  sodio  hjdraftSb 

JSthylic  lactate,  CH,.CH(OH)  COOC,H,.  obtained  I17  hsatbg  syropy  lactic 
acid  with  alcohol  at  170**  (338°  F.),  or  by  distilling  a  mixture  of  a  metallic 
lactate  and  potassic  etliylic  sulphate,  is  a  colourless  liquid  boiling  at  156'' 
(3 1 2°'S  h\)  j  it  is  easily  soluble  in  water,  but  the  solution  soon  becomes  acid 
fiom  its  dsoonnpositioii  into  laotio  acid  and  akohoL  Sodiuni  diaadves  in  it 
with  erolntion  of  hydrogen,  forming  the  eomponnd  CH,.CH(ONa).C0OC\H,, 
which,  like  disodic  lactate,  is  immediately  decomposed  by  water.  Bthylio 
lactate  is  readily  acted  upon  by  the  chlorides  of  phosphorus,  but  apparently  two 
reactions  occur  siinultaneouslv,  a  part  being  c<mverted  into  ethylic  chloro- 
propiouate  by  the  simple  displacement  of  the  OH  group  by  chlorine,  while 
anoihor  part  forms  a  complex  phoq^hate,  perhaps  of  the  kind  invested  by  the 
equation: 

3HO.CH(CHJ.(X)0C,H,  +  PCI,  =  sRCi  +  P[O.CH(CHJ.COOC^  J,. 

(1801)  Ethebic  Acids  debited  fbom  Lactic  Acid.— By  acting  on  ethjlio 
sodoxypropionate  with  ethylic  iodide,  it  is  converted  into  diethylic  lactate  or 
ethiflic  fi-efhoTypropionate,  CH,.CH{OC..HJ.CUUC.,H,,  which  may  also  be 
obtained  by  the  actiua  of  sodic  ethyiate  on  ethylic  /3-chloropropionate.  Ethylic 
^^osypropionate  is  a  oolouliss  liquid,  boiling  at  about  156°  (312°  F.) ;  it  ia 
insoluble  in  water.  By  boiling  with  potaasio  hydrats  aolutioo  it  ia  tranaformed 
into  pota»»ic  fi-ethoxjfpropionate  and  aloohol.  The  ^-othoxypropionic  (ethyl- 
lactic)  acid  obtained  from  this  Halt  is  a  somewhat  viscid  liquid  which  boils  at 
about  195° — 198°  (383"— 388''-4  F.),  undergoing  partial  deccmposition  ;  it  is 
not  decomposed  by  alkalies,  but  when  heated  with  c*onc6Dtrated  hydriodiu  acid  it 
yielda  laetie  add  and  ethylic  iodidsu 

Similarly,  ethyUo  Udmta  ia  oonverted  by  the  aelio&  of  aoetio  ehloride  into 
ethylic  acetolactate  or  /3-acetoxypropionate.  CH,.CH(O.C,H,0).COOH  ;  and  by 
heating  this  compound  with  twite  its  volume  of  water  for  two  or  three  hours  at 
150**  (302°  F.),  /y-acetoxy propionic  (acetolactic)  acid  is  produced.  The  former 
i»  a  colourless  mobile  neutral  liquid,  insoluble  in  water,  boiling  at  177° 
(350^*6  F.).  The  latter  ia  a  Tiaeid»  atrongly  acid  liquid,  whioh  partially  decom- 
poses  on  diatillation,  and  is  easily  solable  in  water;  when  heated  with  water,  it  is 
gradually  converted  into  aostie  and  laotio  aeids  (onnp.  Wialiosnusi  Aim,  Ckem, 
Pharm.,  cxxv.  49). 

If  lactic  acid  be  dissolved  in  a  mixture  of  concentrated  nitric  and  sulphuric 
adds,  and  tbe  solution  be  then  poured  into  a  large  quantity  of  cold  water,  a 
eokmrleas  viseid  heavy  oil  is  obtained  oonaisting  of  fi-mirogjfpropionie  add, 
CH^CH(0.0^).COOH.  The  ethylic  salt  of  this  acid  is  produced  on  heating 
ethylic  lactate  with  a  mixture  of  nitric  and  sulphuric  acids ;  it  is  a  ooloorlefs 
mobile  liquid,  having  a  strong  odour  like  that  of  ethylic  nitrate,  boiling  without 
deoomposition  at  178°  (352°'4  F.)  (Ueary,  DeuL  cAem.  Gee.  £er.,  iii.  53a}. 
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(1802)  Dbhtdrolactic  Acid  and  Lactide. — Lactic  acid,  as  alnady 
mentioned,  verj  readily  \<»ea  a  part  of  iti  hydrogen  and  oxygen  m  wtter,  and 
thoa  gives  rise  to  the  formation  of  two  oomponnde  derived  from  2  mob.  of  the 
acid  by  the  withdrawal  of  the  elements  of  I  and  2  mob.  of  water  respectively. 
The  tir»»t  of  these — dehydrolactic  acid,  is  a  body  of  very  com pk-x  lunctions, 
being  at  the  same  time  monobaaic  acid,  monohydric  alcohol  and  ethereal  salt ; 
the  eecond,  lactide,  is  a  perfectly  neutral  substance,  and  may  be  regarded  aa  an 
ethereal  ealt  of  peeoliar  oonatitotuni.  The  relation  of  lactie  aeid  to  tbeae  two 
eomponnda  will  ba  avideDt  on  inepeotion  of  the  following  fiNrmnb : 

CH,.CH.OH        CH^CH.OH  OOOH  CH..CH.0.00 

I  II  II 

COOH  CO.O.CH.CH,  CO.O.CH.CH, 

Deb7drolaolieaaid.*  LaolMs. 
Behydrolaotie  aoid  la  alao  fomed  on  heating  %  mixtnie  of  potaarie  laetate_aind 

^•bromopionic  acid  at  lOO^— l3o"  (913* — 248°  F.)  (Van  der  BrQggan, 

[2].  V.  338): 

€H^CH.OH  COOH       CH..CH.OH  COOH 

COOK         Bi€H.CH,  OO.O.CH.CH, 


The  dehydration  of  lactic  acid  takes  place  even  at  ordinary  temperatures  on 
exposing  an  aqueous  solution  in  a  dry  atmo{>phere,  and  still  more  rapidly  at 
higher  tempen^oree,  debjdrolaetie  add  being  prodneed  in  eonaiderable  quantity 
before  the  whole  of  the  water  ia  removed.  The  dehydro-acid  and  lactide  are 
both  reconverted  into  lactic  add  by  boiling  with  water  ;  therefore  it  \»  possible 
to  ascertain  the  composition  of  mixtures  of  lactic  and  deh\  drolactic  acidM,  or  of 
the  latter  and  lactide,  by  neutralizing  the  solution  with  normal  alkali,  then 
botUng  with  an  excess  of  alkali,  and  aiterwards  determining  the  amount  of 
alkali  remaining  nnnentraliMd.  In  this  manner  Widieenna  {Amu  ^Kim. 
P^m.,  dxiv.  181)  has  analyzed  the  product  obtained  by  gradual  dehydratioB 
of  «n  aqueooa  adntioa  of  lactic  add  with  the  folbwing  reanlts : 

)  eompocitioD. 


1.  Original  aqueous  acid ;  a  thm  syrup  .    .  15*64  58*80  25-56  — 

2.  After  4  months'  exposure  in  the  exsicca- 

tor ;  a  syrupy  liquid   4*07  2  2 '43  73*5©  — 

3.  After  13  montha'  expoanre;  » thidc  syrup, 

insoluble  in  water   —  —  97*85  2  06 

4.  Afler  1 6  months' ezpoaure ;» viscid  syrup  —  —  7'*4'  28*69 

5.  Alter  18  months'  exposure;  a  stiff  mass, 

forming  threads  when  drawn  apart .    .  —  —  6077  39*50 

1  a.  Original  aqueous  acid   26*23  ^9*59  4**^  "~ 

2a.  At\er  heating  for  8  hours  on  the  water- 
bath  in  an  open  dish   —  44*93  55*^'  — 

3a.  After  16  hoars' ditto   —  30  00  7r49  — 

40.  After  heating  the  reaidne  3  for  15  hoiira 
at  140* — 1 50*  C.  in  a  slow  current  of 

sir   —  —  52-51  47*61 


*  The  name  dilactic  acid  has  been  piven  to  this  compound,  but  this  pro- 
perly belongs  to  the  dibasic  acid  0[('1I(('HJ.I'0()H]  aniilogous  to  diglycolic 
acid  (1794),  which  ha.-*  not  yet  been  prepared,  however  (comp.  Van  der 
Briiggen,  ^»n.  Chem.  Pharm.f  cxlvLii.  224;  lieintz,  dvii.  296). 
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The  numberH  in  this  table  do  not  in  all  csHea  properly  represent  the  comjio- 
litioD  of  the  prodact,  luctide  doubtlesd  being  also  preseut  in  the  reHidue»  obtained 
in  experiiiMDto  2a  and  30,  for  eiample  bni  no  mefcliod  it  known  of  qnmMtir 
tiTolj  analjEbg  a  miitore  of  laetie  and  dabydrolactic  acids  with  laetido. 

Pure  dehjdrolactic  acid  cannot  be  pre^>ared  on  account  of  the  imposaibility 
of  obtaining  it  free  from  lactic  acid  and  lactide.  Judging  from  the  behaviour  of 
prodactfi  such  as  that  producvd  in  experiment  3  of  the  above  Table,  it  is  an 
amorphous  8ubbtauc<j  almost  insoluble  in  water,  in  contact  with  which  it  is  only 
very  slowly  conrerted  into  laetic  add;  on  disiolving  H  in  aloohol,  adding  an 
akohoUe  oolntion  of  potaMio  hydrate  and  tb«n  piMipittthig'  with  «th«r,  an 
atnorphoos  precipitate  consisting  of  the  potassic  salt  C,Fr,KO,  is  produced}  by 
the  action  of  ammonia,  it  is  converted  into  a  mixtore  of  Jaotamide  and  ammonio 
lactate  ( VVislicenus). 

Lactide  is  best  prepared  by  passing  a  current  of  dr^  air  through  syrupy 
keCic  aeid  in  a  retort  hasted  at  150^  (302*"  F.) ;  it  gradually  snUtnies  and 
eolleeto  in  the  nsok  of  the  retort,  leaving  bnt  a  very  somU  residue.  After  re- 
peated recrystallization  from  absolute  alcohol,  it  b  obtuned  in  colourless  rhombic 
plates,  melting  at  i24°-5  (256^1  F.)  (Wislicenus,  ihid.,  clxvii.  319).  It  boils 
at  255°  (491^  F.).  It  is  insoluble  in  water,  which  very  slowly  converts  it 
into  dehydrolactic  and  lactic  acids ;  alkalies  act  much  more  rapidly.  It  absorbs 
ammonia  gas,  forming  laetamide  CH,.CH(OH).CO.NU^  Ite  vapour  density 
at  185^(365"  F.)  in  Hofmann's  apparatus  oorresponda  with  the  formula 
^•^•^«(^^^i^t2M.  ckmn,  Qm,  Btr^  viL  753). 

(1803)  Sarcoi^^ctic  Acid  ;  J^ara/dcfic  acid. — This  acid  is 
contained  in  the  liquid  expressed  from  the  flesh  of  the  mammalia, 
being  most  abundant  after  rigor  mortis  has  set  in,  and  is  also 
present  in  fish-ilesh,  and  in  oxen  and  pig's  bile.  Hilfjer  has 
stated  that  it  is  produced  on  fermenting  inosite,  but  Vohl  denies 
this  {ibid.,  ix.  984).  The  product  from  Hesh,  according  to  AVis- 
licenus  {Ann,  Chem.  Pharm.,  clxvii.  302,  355),  does  not  entirely 
consist  of  sarcoladic  acid^  but  also  contains  a  relatively  small 
amount  of  an  acid  identical  with  the  so-called  ethylenelactic  acid 
he  obtained  from  ethylenic  cyanhydrin  (com p.  1798);  both 
firlenmrver  and  Klimenko,  howeTer,  have  failed  in  separating  a 
second  acid  having  the  pfopertiea  described  by  Wislicenus  {ibid., 
cxci.  266). 

Saroolactic  add  is  not  distinguishable  from  ordinary  (fermen- 
tation)  lactic  acid,  except  by  its  optical  activity ;  bnt  tbe  aincic 
salts  of  the  two  acida  differ  greatly,  for  on  slowly  evaporating  an 
aqueous  solution  the  aarcolactate  crystalliaee  out  with  only  two 
molecules  of  water  in  well-formed,  short,  thick,  glistening  prisms, 
which  are  seldom  united  together ;  it  is  more  soluble  than  the  ordi- 
nary lactate,  as  it  dissolves  in  18*5  pts.  of  water  at  14^-^15'* 
(57^*2 — 59^  F.),  and  readily  forms  supersaturated  solutions. 

Sarcolactic  acid,  like  ordinary  lactic  acid,  is  converted  into 
Cthaldehyde  and  formic  acid  when  heated  with  dilute  sulphuric 
acid  at  130°  (266^  F.)  ^  and  ou  oxidation  with  chromic  acid,  it 
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yields  a  small  quantity  of  ethaldchyde,  together  with  acetic, 
Ibrmic  and  carbonic  acids^  but  ueitlier  oxalic  nor  malonic  acid* 

^Wislicenus). 

By  heatiug  syrupy  sarcolactic  acid  at  130^—140°  (266^ — 
284°  ¥.),  it  is  slowly  converted  into  dehydro/ac/tc  acid,  which  yields 
the  ordinary  fermentation  lactic  acid  when  boiled  with  water 
(Strecker;  Wislicenus);  and  by  passing  a  current  of  dry  air 
through  the  acid  in  a  retort  heated  at  1  ^0°  (302^  F.),  lactide  is 
produced  identical  with  that  obtained  from  the  inactiTC  acid 
(Wislicenus).  If  a  solation  of  sarcolactic  acid  be  concentrated 
OTer  snlphuric  add  m  vacuo,  it  also  nndergoeB  dehydration,  but 
the  reniltiiig  compoat&ds  exert  a  powerfully  loevoiotatory  action  on 
polarued  light  CWidioenus). 

Optical  Activity  of  Sarcolactic  Acid  and  itt  Derivatioe$. — Wialioewis  hat 
■hown  that  naroolMtie  aeid  is  a  JSmUj  deartrocotatory  tnUtanoe,  bat  it  ia  impossible 
to  asosrUin  its  const  rotatory  power  as  it  cannot  bs  obtained  in  a  pure  state.  The 
apparent  specific  rotatory  power  of  the  acid  in  an  aqueous  solutiuu  h  immediately 
diminished  by  the  addition  of  water,  the  diminution  being  the  greater  the  more 
ocmcentrated  the  solution;  it  afterwards  gradually  iQcrea»es,  but  without 
attaining  its  original  value. 

The  eiktnt  to  whieh  this  takss  plaoe  will  be  ssso  on  bspsekkm  of  ths  Ibl- 
lowmg  TaUe : 

ikmoaatottddbk  t.\ 
leAoTMliilioa.  ^a. 


Original  solution,  Oct.  24   '3994  2^'6^ 

After  dilution,  Oct.  29  ^    .    .    .  '3403  •••  2**01 

Same  eolation,  Nov.  7   '3407  ^'*'35 

ff       „      Nov.  20   '3406  ...  2°' 26 

n         n       Nov.  30   *3406  ...  2***26 

•  After  farther  dilation.  Dee.  4   '8134  ...  1**41 

Same  solatbo,  Jan.  4   '2125  ...  2**07 

M        M       feb.  12   '2125  ...  2*'2I 

„                March  12.   '2125  2**66 

Again  diluted,  March  13   '1575  •••  '""99 

Same  solution,  April  26   '^575  **•  2°'29 


To  explain  this  behaviour,  Wislicenus  suppoeee  that  an  aqoeous  eolation 
of  the  acid  contains  not  only  the  acid  itself  but  also  the  corresponding  "  acid- 
hydrol,"  C,H,0,  ^OW^^  C\H^(0H).C(01!)^.  and  dehydro-acid,  C.H^.O,.  Un 
adding  water,  a  further  quautity  of  the  acidhydrol  is  immediately  formed,  and 
this  iMkWng  a  lower  epedfio  ratstoiy  power  than  the  acid,  tlie  lotatory  power  ia 
dfaainiahed ;  bat  tiie  debydroHwid,  wldohialoerorotatoiy,  iaabo  acited  upon  by  the 
water,  although  much  more  slowly,  and  converted  into  the  dextreratalofy  acid» 
and  therefore  the  dextrorotatory  power  gradually  increases  again. 

Dehydroearoolactic  acid  and  aarooUctide  are  apparently  both  powerfully 


*  According  to  Dossios  {ibid.,  cxlvi.  16S),  erode  sarcolactic  aoid  yields 

malonic  acid  on  oxidation,  although  in  relatively  very  small  quantity  (Wislicenus, 
ibid.,  clxvii.  335);  but  Erlenmeyer  has  attempt<ed  without  success  U>  ooniirm 
this  statement. 
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iG&voroUtory,  a  mixture  oonsbting  of  84'  1 9  per  etoi  of  Ills  ibmer  with  16*04 
per  oent.  of  the  latter  in  an  alooholio  eolation  oontMning  '1954  gnm  per  e.c., 
luifUig  the  apparent  gp.  rot.  power  (a)^  =  «-  85^*93* 

The  saroolactates  also  are  lo'vorotatory.  Zincic  sarcolactate,  however,  has  a 
lower  apparent  sp.  rot.  power  in  nupersatu rated  than  in  normal  sohition  ;  thus 
the  Taiue  of  (a)n  for  the  <alt  ZnC^H^^O^  +  2OH,  io  the  ca^e  of  a  Holution  con- 
tainiog  i  pt.  of  the  aall  to  86  pto.  of  water  ia  -  6''*36,  hat  -  7*^-6  in  the  ease  of 
a  aolation  oootaining  i  pt  of  the  salt  to  18*5  pte.  water.  The  app.  ap.  rot 
power  of  edeie  aarodaalato  ealenlated  for  the  aahjrdiooa  aalft  in  a  eolation  oon- 
taininj?  '0535  ^mm  per  c.c.  is  —  5''*25. 

(1804)  TBiciiLOROLAcric  AciD:  CV'],H  03  =  CCI^.CH((>H).C00}^.-- 
The  formation  of  this  oompound  from  trichlureihaldchyUrol  bajt  already  been 
dencribed  (p.  744).  It  crjatalliiaa  in  prismi,  melting  at  io5^<— i  lo**  (aat^— - 
330°  F.).  It  does  not  ftmiiak  eharaatefiatae  metalKo  ealts,  hat  the  ethylio  salt 
erystallizeA  well  from  dilute  alcohol  in  white  needles,  melting  at  67°(i5a*"6  P.), 
and  it  boils  at  233° — 237°  (45l°'4 — 458  '6  F.).  Alk alios  readily  decompose  it 
into  formate  and  trichlorethaldehydrol  :  CCl,.CH(OH).cboH  +  OH^ - 
CC1,.CH(0H),  +  E.COOH ;  the  eth^li'c  salt  yields  ethylic  roonochloracryUte 
when  aalMnitted  to  the  action  of  naaoent  hydrogen,  ethylb  monoehlondaetate 
piobabfy  heing  fint  piodooed  :  0C1,.CH(0H).C00C,H -4.  aH.aaHa-f- 
CH.a.CHCOHj.COOC^H^^  CHCl— CH.qOOC,H,+ OH,.  By  heating  with 
acetic  anhydride,  trichlorolactic  acid  is  converted  into  the  acetyl  derivative 
CCl,.CH(0.l'.,HjO).C"()OH,  wiiich  separates  troin  its  solution  in  benzene  in  ma^'ni- 
fioeot  crystals,  melting  at  65^  (^49  ^  (l^uiuer  and  Fuuhs,  JJeui.  chem.  Get, 
Ber.^T,  1061). 

By  digeeting  hromal  (p-  747)  intii  hydrocyanic  and  hydroohlorie  aeida»  it  ia 
eoaverted  into  trihromolactic  acid,  CHr,.GH(0H).C0OH,a  crystalline  oompound 
meltinir  at  about  142'*  (287^*6  F.)  (Pinner  ;  WiiUiu»h,  Ann.  CAem,  PAom., 
cxciii.  50). 

(1805).  Chloralide  and  Analogous  Compoukii8. — ^TTie  rela- 

tiou  of  chloralidc  to  trichlorolactic  acid,  the  roethods  of  preparino; 
it  aud  its  proi)erti('.s  have  ])reviously  becii  described  (p.  744). 
The  explanation  which  Wallach  has  given  of  its  formation  from 
chloral  by  the  action  of  sulphuric  acid  involves  the  a^ssuraption 
that  trichlorolactidc  is  first  produced ;  but  it  appears  possible 
that,  as  Stadler  has  suggested  [ibid.,  cvi.  253),  it  is  derived  from 
so-called  mctachloral,  which  perhaps  is  the  polymcride  of  chloral 
corresponding  to  paraldehyde  (1646).  It  is  also  probable 
that  the  carbonic  oxide  which  is  evolved  is  a  direct  product  of 
the  action,  and  that  it  is  does  not  result  from  the  decomposition  of 
trichloromethane  in  the  manner  suggested  by  Wallach,  as  sul- 
phuric acid  does  not  act  so  readily  on  trichloromethane  that  .the 
piesraoe  of  the  latter  could  be  altogether  overlooked  if  it  were 
formed.  A  simple  explanation  of  its  production  is  afforded  hy 
the  assumptbn  that  the  group  CClg.CH  is  converted  by  the 
action  of  the  sulphuric  acid  into  the  group  COCl.CH,  either  by 
the  direct  displacement  of  two  atoms  of  chlorine  by  one  of 
oxygen^  or  by  the  formation  first  of  an  hydioxy-compound 
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CCi^OE),CU,  wbich  sabaeqnently  loses  Ed,  vtA  that  carbonio 
oiide  and  hydrocblonc  acid  are  tiien  split  off. 

Walladi  has  shown  that  a  large  nomber  of  bodies  analogous 
in  compontion  to  chloralide^  and  having  similar  properties,  may 
be  produced  by  the  action  of  aldehydes  snch  as  trichlor* 
cthaldehyde,  tribromethaldehyde  and  trichlorotetraldehyde  (1632) 
on  various  hvdroxv-acids,  but  that  aldehydes  such  as  ethaldehvde 
and  benzaldehyde  do  not  enter  into  reaction  with  hydroxy-aeids 
under  the  conditions  which  furnish  chloralides it  would 
therefore  api)ear  that  only  tliose  aldehydes  in  which  the  radicle 
associated  with  the  COII  group  is  powerfully  ncf^ative  are 
available  for  the  preparation  of  these  compounds  (Ann.  C/itm, 
Fharm,,  cxciii.  i).    The  ibllowing  may  here  be  meutioDed: 

fO  I 

OhfcoRe  eMorakde,  Cll^^^^^^  jCUCl^,  prepared  by  heating  a 

mixture  of  glycolic  acid  and  chloral  at  1 20° — 130°  (248° — 256° 
F.),  form  small  transparent  crystals  melting  at  42°  {ioy°'6  F.). 

Lactic  chloralide,  CHg.CHj^^^jcH.CClg,  obtained  by  heat* 

ing  syrupy  lactic  acid  with  an  excess  of  chloral  at  150^ — 160^ 
(302^ — ^330^  F.)^  closely  resembles  chloralide"  in  appearance;  it 
melts  at  45^  (ii3^F>)«  nnchanged  at  about  224^ 

(435^*2  F.) ;  cldorine  has  but  little  action  upon  it. 

(O  ) 

BromaUde,  CBi^.CR^^^  CH.CBr^,  produced  by  heating  a 

mixture  of  tribromolactic  acid  and  bromal  at  iio^ — 120°  (230^— 
248^  F.)^  melts  at  158°  (316"  4  F.) ;  it  is  rapidly  decomposed  by 
alcohoL 

By  heating  a  mixture  of  lactic  acid  and  bromal,  a  bromalide 

(O  ) 

of  the  formula  CU^CU  qqq  CH.CBrg  is  obtained^  which  is  also 

formed  by  the  action  of  bromine  on  lactic  acid  in  ])rcscnee  of 
alcohol  (Klimenko,  Jour,  pr,  Chem,  [3],  xiii.  98);  it  melts  at 
94^—97°  (2oi''-2— 2o6"-6  F.). 

Isomeric  compounds  represented  by  the  formulae 

CCl,.CH{^(,^[cH.CBr,  and  CBr,.CH  - ^qq[cH.CI, 

are  respectively  produced  on  heating  mixtures  of  trichlorolactic 
acid  and  bromal  and  of  tribromolactic  acid  and  chloral ;  the 
former  melts  at  about  150°  (302*^  F.),  and  the  latter  at  132° — 135** 
(269°-6-275°F.). 

(i8c6)  Hydroxybutyric  Acids:  C\Hg03  =  C,Hc(0H).C00H.— 
Of  the  five  possible  hydroxybutyric  acids^  the  three  which  can  be 
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formed  from  normal  butyric  acid  and  one  derived  from  Itobutyric 

acid  are  kuowo. 

a-IIydroxyhutyric  add,  011^(011). CII,.CH,.COOH,  has  been  prepared 
by  the  action  of  baric  hydrate  on  succinic  aldehyde  (1668),  but  not  yet  suffi- 
ciently examined.  On  oxidation  it  yields  micoinic  acid ;  hydrioffie  Mid  appeart 
to  act  upon  it  with  diflkmlty. 

fi-Hydroxybutyric  acid,  CH,.CH(OH).CH,.COOH,  may  be  obtained  by 
oxidation  of  telraldol  (1631);  by  ht';itin<^  the  compound  CH^.CH(OH).C'H,/ 1 
with  potaMsic  cyanide  and  decomposing  the  resulting  cyanide  by  boiling'  with 
aiivali  (MarkownikofF,  Ann.  Chem.  l^harm.,  cliii.  235) ;  and  by  the  action  of 
naaoent  hydrogen  on  etbylio  aoetoaoetate,  C^.CO.CU,.COC)C,H,  (Wialioenu^, 
ibid.t  mlix.  205).  It  is  be»t  prepared  by  th«  iMt-mentioiwd  mmod,  adding 
•odium-anialj^aro  to  an  aqueous  solstion  of  the  acetoaoetate. 

The  free  acid  i«  a  viscid  syrup,  which  on  distillHtion  decomposes  into  water 
and  crotonic  or  a-incthacrylic  acid,  CHj.CHzzCH.CUOH.  Itn  sodic  salt  crys- 
tallizes from  nearly  anbydrouit  alcohol  in  flat  priams,  which  are  extremely  deli* 
quMcent;  the  aiWer  salt  forms  slendir  acadlesi  tha  Bnoic,  caloie  and  plumbie 
sidts  are  amorphoos  and  eztiwnely  scdabla. 

y-nydroxyhutyric  acid:  CH3.Cn,.CH(0H).C00H.— This  acid,  which  ia 
Qsaally  termed  the  a-acid,  is  obtained  by  digesting  the  bromobutyric  acid  pro- 
duced on  heating  butyric  acid  with  bromine  (1770),  with  water  and  a  metallic 
hydrate.  It  crystallizes  from  a  concentrated  aqueous  solution  in  tine  needles, 
melting  at  44°  (i  i  I'^a  F.) ;  it  begins  to  boil  at  sas""  (437°  F.),  but  the  ther- 
nomater  gndn^y  rises  to  360"  (500^  F.),  at  whidi  temperatnra  the  retort 
ontains  a  viscid  liquid  insoluble  in  water ;  the  distillate  is  also  only  partially 
■oluble  in  water,  and  doe><  not  deposit  crystals  even  when  cooled  to  (32'  P.), 
but  salts  of  the  acid  may  be  prepared  from  it :  probably  therefore  a  dehydro- 
acid  is  formed.  Characteristic  of  tiiis  acid  is  the  zinciosalt,  which  is  difficultly 
solnbla  even  in  hot  water,  and  separates  fronn  it  in  nodular  aggregates  con- 
sisting of  fine  fooT'sided  prisms  of  the  oomposttioa  (C^H^O,)^  +  aOH, 
(MarkownikoS',  loe.  eit.), 

DimethhydroTi/arefir  acid  ;  hydroryisobutyric,  dimcthoxulic,  hutyloJactic 
or  acetunic  arid  :  (C'Hj).^.C'(01I).C00H. — This  acid  is  best  prepared  by 
digesting  an  aqueous  solution  of  dimethbromacetic  or  broroisobntyrio  acid  with 
a  slight  eicees  at  hario  hydrate,  <fi;c ;  it  is  also  fonned  by  oiidation  of  dimeth- 
aoetioaeid  hy  potasrio permanganate  (R.  Meyer,  Dent.  eUm,  Get.  Bar.,  xl  1787)} 
hyo&idation  of  the  amylen^gilyool  (CH3),.C(0H).Cn{CH,).0H  (Wurtz) ;  by 
tfgesting  acetone  witli  hydrocyanic  and  hydrochloric  acids  (St ad ler);  and  by  Frank- 
land  and  Duppa's  im  thod  by  the  action  of  ziiicic  niethide  on  ethylic  oxalate 
(1783,  7)  (comp.  Mark  own  ikofl',  loc.  cit ).  It  crystallizes  in  priams  resembling 
oxalic  whieh  malt  at  75°'7  (168^-3  F.);  it  vdatiliMa  slowly  at  the  oidinary 
temperatare,  and  readily  sublimes  at  50**  (122^  F.),  being  deposited  on  a  cool 
snrface  in  magnificent  prisms ;  it  boils  at  about  212°  (4I3°*6  F.),  and  distils 
unchanged  (Frankland  and  Duppa).  According  to  Markownikoff  {ibid,,  cxivi, 
341).  oidy  the  pure  dry  acid  sublimes,  and  the  sublimed  acid  melts  at  79^ 
(174'  2  F.).  On  oxidation,  dimethbydruxyacetic  acid  yields  diuiethvlketone  and 
carbonic  add:  (CH  J,C(UII).C00H  +  (04-  OH,)  =  HO.COOU  +  (CH,),C(OH),  = 
(CU J,CO -I- OU,.  The  diraetbhydroxyacetatea  mostly  crystallize  well,  the 
ziiicic  salt  being  the  most  characteristic:  it  is  difficultly  soluble  both  in  cold 
and  hot  water,  and  cryhtalHzea  in  microscopic  six-sided  plates  of  the  composition 
(C^H,0,)jZn  4- 2OH,.  The  baric  salt  cr)stallize8  in  brilliant  needles;  the 
argentic  salt  in  stellate  groups  of  nacreous  scales. 

By  heating  bromisobatyrie  and  with  an  alcoholic  lolotioa  of  potassie 
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hydraande,  it  is  eonverted  into  the  «tiMrio  add,  eUmttketkoMfaetHe  mdd, 

C(CH,),(0C,H,).CO0H,  corresponding  to  dimeth  hydroxy  acetic  sicid;  this  acid 
fnniisthefl  easily  solablc  Raits,  whicb  or^stftUue  well  (Hell  and  Waldbauer, i^mrf. 
cAem.  Oes.  Ber.,  x.  448). 

(1807)  Hydkht-penttlic  or  valeric  Acim. — Only  three  of 
the  considerable  number  of  possible  monhydioiy-deriyatiyes  of  the 
four  isomeric  valeric  acids  are  at  present  known ;  one  of  these  is 
formed  from  isoprimary  valeric  or  isopropacetio  add,  the  other 
two  are  derived  from  secondaxy  valeric  or  methethacetic  acid. 

Hcpropkydrogj^MHie  aeid,  (CH,),CH.CH(OHXCOOH,  has  been  prepared 

from  the  corresponding  idopropylbromaoetic  (bromiaovaleric)  acid  (Pittig  and 
Clark;  Sf'hinidt  and  Sachtlehen,  Ann.  Cfiem.  Pharm.,  cxciii.  106),  and  also  by 
Frankland  and  Duppa's  method  from  ethylic  oxalate,  i«opropylic  iodide  and  zinc 
(Markownikotr,  Zeits.  CAem.  [2],  vi.  516).  It  orystaliizeo  iu  plates  melting 
at  82°  (179**6  F  )«  easily  eolable  in  water  and  aloohd ;  ito  aaUa  do  not  crystal- 
lize well ;  on  ondation,  it  yields  ieobntyrio  and  earbmiio  adds  (Ley  and  Popoff) ; 
on  diilillation  it  partially  passes  over  unchanged,  and  is  partially  oonTerted  into 
the  corresponding  lactidc.  (?)  Cj^Hj^^O^ :  the  latter  crrstalHzt's  from  alcohol  in 
fine  white  needles,  melting  at  1^6'^  (276^*8  F.);  it  in  «caroely  altered  by  dilute 
alkaline  solutions. 

An  aeid  iaoaMrie  with  tfaa  Ibregoing  is  formed  on  oxidisiitg  Valerie  aeid 
(from  fbnnentation  amyUe  aleohol)  with  potaaaie  pemaoganate ;  it  is  eonrerled 
into  the  corresponding  aeid  of  the  acrylic  series  by  merely  boiling  it  with  dilatt 
sulphuric  acid  (comp.  Miller,  Dent.  chem.  fies.  Ber.,  1527).  Siipposin<» 
it  to  be  derived  from  isoprimary  valeric  acid,  this  acid  probably  has  the  ibrmola 
(CH,),C(0H).CHrC0OH  (comp.  ibid.,  xi.  2216). 

MeiJMk^drix^aeetiewmeOetkiwaN^  C,H^.C(CHJ(OH).COOH,  is 
formed  as  ethylic  aidt  on  heating  a  miztore  of  ethylic  oxalat^  nwthylb  and 
ethylic  iodide  and  sine;  it  melts  at  63*  (i45'''4  F.),  and  sublines  rendilf 
at  too°  (212°  F.),  condensing  in  maj^nificent  stellate  groups  upon  a  cold 
surface;  it  boils,  with  decomposition,  ut  1 00"  (374*^  F.).  The  baric  and 
argentic  salts  crystallize  well  (Frankland  and  Duppa). 

yMe(kyt-$'kydroxjfbutyrie  aeid:  CH,.CH(OH).CH(CH,).COOH.— Tkis 
aeid  ia  fiHrmed  as  sodic  salt  on  treating  a  eolation  of  ethylic  acetometliaeetato  in 
aqueous  alcohol  with  sodium  amalgam  :  CIT,.rO.CTT(C}I,).COOC,H,  +  2H  + 
NaOH  =  CH,.Clf(01I).CH(CH,).C(X)Na  ^  Cyi^OlI.-  It  does  not  crystallize, 
and  cannot  be  obtained  in  a  pure  anhydrous  state,  as  it  is  oradnally  con- 
.  verted  into  a  dehydro-acid  on  exposure  over  sulphuric  acid  ;  on  distillation  it  is 
resolved  into  water  and  o^lMimethaofylio  aeid  CH,.CH=C(CH,).COOH.  Tlie 
argentic  ealt  crystallizes  in  glistening  plates,  very  di£Bcultly  soluble  even  la 
boilmg  water  (Rohrbeck,  Attn.  Chem.  Pharm.,  clxxxviii.  29). 

Tnrhlorkydroxyvaleric  aci<l,  (?)  CH^.CCl  .('HCl.('H(()n).r(>OH,  is 
obtained  from  trichlorobutyric  aldehyde  (1632),  by  combiniiii;  it  witli  hydrocyanic 
acid  and  digesting  the  resulting  cyanide  with  hydrochloric  acid.  It  is  a  crystal- 
line body,  melting  at  140*^  (284^  F.),  easily  soluble  in  alcohol  and  in  water.  It 
furnishes  a  number  of  charaeketistio  derivatives  (oomp.  Pinner,  Drnti,  ehtm, 
Ber.,  xi.  1488). 

(1808)  HTDRoxTCAPBOicAcm:  CsH„03=CgHj„(0H).C00H. 
— Only  three  of  these  acids  are  known,  two  being  derived  from 
diethacetic  acid. 

Lnuic  aeid:  (f)  C^H,.CH(OH).COOH.— Bjf  tbe  aetion  of  nitrous  aeid. 
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leucine  (from  horn;  1 779)  is  converted  into  the  correvponding  hydroxyo^roio 
amd ;  the  add  thus  obtained  eryttalliHe  in  hard  brittle  priiroi,  melting  at  73* 
(163^*4  F.).    Its  bario  and  zindc  aalta  both  erjutalliie  in  glistening  nacreous 

acales,  very  much  like  leucine  itoelf»  difficulty  soluble  in  water;  the  former  la 

anhydrouis,  the  latter  has  the  composition  Zn(C,HjjOjj  +  OHj.  The  ctipric 
sa.t  is  very  liifficultly  so^lble  even  in  hot  water,  but  readily  crystallizes  from  hoi 
alcohol  in  voluminous,  piile-blae  glistening  scalea  (Waage,  Ann.  Chem.  JPAarm., 
cxviiL  395). 

DiethhyiroxyaceHe  or  diethoatalic  emd:  (C,H,),C(OH).COOH.— The 
ethjlie  salt  of  this  acid  is  formed  on  digesting  a  mixture  of  etbylic  oxalate  and 
iodide  with  zinc.  The  acid  itaelf  crystallizes  from  a  pure  aqueouB  solution  in 
minute  prismatic  needles,  but  if  the  solution  contain  a  small  quantity  of  sul- 
phuric acid  magnificent  large  prisms  are  obtained;  it  melts  at  74^  5  (l66***l 
F.),  i&d  deoompoeea  on  diaUllrtion.  Ita  bario  salt  ia  wrj  eolnble  even  in  eold 
water ;  its  eapric  salt  doee  not  orystalliie }  ita  zincic  salt  crystallizes  in  nacreous 
scales  •oluble  in  about  300  pts.  of  water  at  16**  (6o**-8  F.)  (Frankland  and 
J>uppa  ;  Geuther  and  Wackcnroder,  Zeitf^.  Chem.  [2],  iii.  705). 

y-Ethyl-^-hydroxyhutric  acid,  CH..CH(OH)  ('n((yiJ.COOH,  obtained  by 
reducinir  ethylic  acetoethacetate.  CH,.CO.CH(C,H  J.CC)OC,H^,  &c.,  is  a  colourless 
{tyrup  which  beoonca  viseid  on  czpoaiire  over  snlphnrio  add  in  oonaequenoe  of 
tlie  fimnation  the  oorresponding  dehydro-acid  ;  on  distillation,  it  is  resolved 
into  water  and  a-methyl-iS-ethylacrylic  acid,  CH,.CHlzC(C,H  j  COOH.  Its 
argentic  salt  is  almost  insolublo  in  cold  water,  but  crystallizes  from  hot  water  in 
aggregates  of  colourless  glistening  plates;  on  boiling  an  atjueous  solution  of  the 
cupric  salt,  a  blue  insoluble  baaic  salt  is  precipitated  (Waldschmidt,  Ann,  Chem. 
PAorm.,  elxzxviti.  240). 

(1809)  Hydroxyheptylic  Acids:  C^H^^Oj. — Only  two  of 
these  are  knowu. 

Isoamylliijdfoxyacetic  acid:  CjH,,.CH(( )Il).C(X)H. —  By  digesting  a  mix- 
ture of  ethylic  oxalate  and  amylic  iodide  (I'rom  fermentation  amylic  alcoiiol)  with 
nne,  Finnkland  and  Dnppa  obtained  a  miitnre  of  three  eth jlio  aalta  boiling 
•  reepeetively  at  about  803*^  (397''4  ^  a«6'  (437**  F.)  and  26a**  (503*-6  F.) : 
the  first  of  these  was  proved  to  be  the  ethylic  salt  of  isoamylhydroxyacetie  or 
amylb ydroxalio  acid  ;  the  second  they  regard  as  the  ethylic  salt  ol  the  corre- 
spcndmg  etiieric  acid,  isoomi/Jt  thoj-  i^nrt  tic  MriV/,  CjH,,.CH(0{',H  J.COOH  ;  the 
third  is  ethylic  diisoamylhydruxyacetate.  It  is  somewhat  difficult  to  account 
for  tiie  formation  of  the  first  these  oompoonda,  nnlew  it  be  anpposed  that 
ethylie  diiaoamylbydnoyacetate  is  first  produced  and  then  partly  reaolved  into 
iaoamylhydnayaoetate  and  amylene : 

(CAiVC(OH).O00C,H,  »  C,H^  +  C^.CH(OH).COOC^p 

or  that «  aplitting  off  of  amylene  takea  plaoe  at  the  moment  of  the  aeUon  of  the 

xinc  compound.  The  formation  of  the  ethoxy  salt  shows  that,  auppoamg  the 
action  to  take  place  in  the  manner  cnggested  on  p.  S75,  the  OC„}Ijn  +  i  g^«P  of 
the  oxalate  may  remain  intact  and  oidy  the  CO  group  bo  atlocted.  Markowni- 
kotl  has  observed  the  formation  of  the  three  corresponding  isopropyl  derivatives 
when  n  mixture  of  ethylic  oxalate  and  iaopropylie  iodide  ia  digested  with  sine 

According  to  Frankland  and  Duppa,  the  action  of  nndo  amylide  on  ethereal 
aalts  of  oxalic  acid  is  susceptible  of  yet  a  fourth  modiBcation,  for  if  atnylie 
oxalate  be  employed  instead  of  ethylic  oxalate,  in  addition  to  the  amylic  salta 
corresponding  to  the  three  ethylic  salts  above  mentioned,  amylic  caproate, 
C,Hjj.COOC^II,j,  is  also  produced  ;  in  explanation  of  the  formation  of  this  com- 
pound, they  suggest  that  the  moleeule  of  amylio  osalale  dividca  into  ita  two 
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constituent  groups  of  COOC^^,  which  then  unite  with  am^l  to  form  am^iic 
caproate : 

CO.OC.H., 

Bat  ft  may  also  be  8iigg«tked  m  betngf  more  probnUe  that  •  portion  of  tha 
amyUo  oxakfto  ia  converted  into  amylio  carbonate :  (CO  Oc^f  )^bOO(OC,HJ, 
-I-  CO.  and  that  the  eaproite  remlU  from  the  aotion  of  the  lino  eompoond  on 
thia  aalt;  thus  : 

iRoamylhydraxyaoetic  acid  crjAtallizea  from  water,  in  which  it  is  aperingly 

soluble,  in  nacreous  scales  fuftuf?  at  6o*''5  (i40°'9  F.).  The  baric  salt  crvptal- 
lizes  in  large  nacreoua  scales  like  paraffiTi,  tolerabl}'  soluble  in  water  ;  the  oapric 
salt  is  very  sparingly  soluble  and  crystallizes  in  minute  light-blue  scales.  The 
■Old  having  these  properties  was  obtained  by  Frankland  sad  Duppn  frimi  s  sfaie 
■sit  remeining  after  treating  the  product  of  the  action  of  zinc  on  a  mixture  of 
ethylio  oxidate  and  amylic  iodide  with  water  and  distilling  off  the  ethylic  salts 
above  mentioned  ;  the  acid  prepared  from  the  ethylic  nalt  boiling  at  203*0.  did 
not  crystallize,  and  ita  baric  salt  was  only  obtained  jis  a  crystalline  ma^s. 

y^-Meiietk-ft-hydrwtylmt^  add,  CH,.CH(OH).C  |        |  .COOU.  has 

been  obtained  by  reduction  of  ethylic  acctomethethacetate,  but  not  yet  examined  : 
its  argentic  salt  ia  moderately  soluble  in  hot  water,  from  which  it  crystallizes  in 
glisteninL^  plates;  on  adding  cupric  sulphate  to  a  solution  of  ito  aodio  salt  aod 
then  boiling,  a  crystalline  basic  cupric  salt  is  deposited. 

(i8jo)  Hydroxyoctylic  Acids:  CgHigO,=C7H,4{OH).COOH. 
—Only  two  monhydroxy-deriyatiyea  of  the  Tery  l«rge  number  of 
possible  octjlic  acids  have  been  prepared. 

NormtU'hexgliyiipog^fiuetie  aeid,  C,H,  «.CH(OH).00OH,  is  obtained  hj 

digesting  the  cyanoetjlic  alculiol  produced  by  combining  normal  heptalde* 
hyde  with  hydrocyanic  acid  with  hydrochloric  acid.  It  crystallizes  in  large 
nacreous  scales,  melting  at  69*'"5  (157  i  F.),  very  difficultly  soluble  in  w.iter; 
when  heated  with  hydrochloric  acid  at  120°  (248°  F.^,  it  yields  formic  acid 
and  heptsldehyde  (Erlenmeyer  and  Sigel,  Ann,  Ckem,  Pkarm.,  olxxvii.  loa). 

Diisopropjflhydroryacetic  acid,  (C,Hj)/.CH(OH).C(X)H,  prepaid  by 
Frankland  and  Duppa's  method,  crystallizes  in  colourless  slender  needlea,  melting 
at  1 1 1°  (23 1  °-S  v.),  (liilirultly  soluble  in  cold  water.  It  yields  isopropyl  ketous 
on  oxidation  (^laikowiiikoH). 

(1811)  Hydroxydodectuc  Acids:  C,jH,jO,. — Two  of 
these  acids^  the  highest  terms  of  the  series  at  present  known, 
have  been  obtained. 

Diiioamylhydrosryaoeiie  add,  (C,H„),.CH(OH).COOH  (comp.  1810). 
crystallizes  in  colourless  satiny  fibres,  insoluble  in  water;  it  melts  at  122* 
(251^  6  F.).  and  when  more  steongiy  heated  sahlimes  in  white  snow-like  flakes 
(Frankland  and  Puppa). 

y*-DietIi-^-hydroTtfbulifric  acid,  CH,.CH(0H).C(C,H^)„.C001I,  prepared 
bj  redncing  ethylio  acefcodiethaoetste,  does  not  oryftallize,  but  gradually  nnder- 
goM  oonvemioB  into  the  oonMponding  debjdro-acid  on  ezposute  over  snlphcrie 
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acid ;  on  distillation  it  is  resolved  into  6th«Mi>hyde  and  dietbaeetie  amd  (Sehnapp^ 
Demi,  ckem,  Cttt,  £er,,  is,  1216). 

Dl-,  TrI-  and  PjiNTHYDROXy-ACIDS  DERIVED  PROM  THE  AciDS 

OP  THE  Acetic  Series. 

(1812)  Only  the  following  are  known : 

Dihyf]roxyac<>tic  or  glyoxylic  acid  CH(0H)j.C0OH 

a  p(-l)il»ydroxv|)ropionic  or  glyceric  acid  .  .  .  .  CH.^(OH).CH(OH).COOH 
Dihydroxybutyric  add  C,H,(OH),.00OH 

op/S-y-Trihjdrosjbatyrio  aeid 

Bnthjdroxycaproio  adda : 
Hannitie  and .   .  . 
Gluconic    ^  .    •  . 
Dextronio  «  •    >  . 

(1813)  ])lHYDROXVACETIC    OF    GlYOXVLIC    AcID  :     CJifi^  = 

CH{OII)..COOII.— This  acid  was  first  fliscovered  by"  Debus 
among  the  products  of  the  oxidation  of  ctliylic  alcohol  by  dilute 
nitric  aeid,  and  was  subsequently  obtained  by  liira  in  a  similar 
manner  from  glycol  and  oxaldehyde  or  glyoxal  ;  according  to 
Heintz,  it  is  a  product  of  the  oxidation  of  glycoli(,»  acid  and 
of  glycerol  (p.  544).  It  is  also  formed  on  boiling  the  argentic; 
salt  of  dibromacetic  acid  with  water  (Perkin  and  Duppa) ;  and, 
according  to  Church,  it  may  be  obtained  by  the  action  of 
nascent  hydrogen  on  oxalic  acid. 

Debus,  who  haa  denied  the  possibility  of  the  existence  of  compoonds  oontain- 

ing  more  than  a  single  hydroxyl-group  associated  with  the  same  carbon  atoni» 
maintains  that  the  acid  thus  produced  is  not  dibydroNv-icptic  acid  but  the  aide- 
hyde-acid  of  the  formula  COH.COOH,  ,ind  considers  that  this  conclusion  is  sup- 
ported by  the  factH  ( i )  that  it  is  formed  from  the  aldehyde  C,H,0,.  and  that  the 
acids  contain  the  same  number  of  hydrogen  atoma  aa'  the  aldehyde  from  which 
ihey  are  derived;  (2)  that  it  exhibits  eertain  of  the  propertiea  of  aldehydes, 
eomhining,  for  example,  with  acid  sulphites ;  and  (3)  that  it  furnishes  an 
ammonic  salt  of  the  fornuiia  CJIO  (Xl{  ).  It  has  already  been  pointed  out, 
however  ( 1 491 ),  tliat  tl»c  buhaviour  ol' aldehydes  such  as  meth-  and  ethaldehyde 
necessitates  the  conclusion  that  compounds  containing  more  than  a  single  Oil 
group  aasodated  with  the  aame  oarbon  atom  can  and  do  exist,  and  that  in  the  forma- 
tion of  aoetio  aeid  ftom  ethaldehjrde,  for  example,  the  latter  ia  probably  first 
eooyerted  into  ethaldehydrol,  wUeh  ia  then  oxidized  and  converted  into  the 
ortho-acid  or  acid-hydrol  corresponding  to  acetic  acid.  Similarly,  it  may  be 
supposed  that  an  aqueous  solution  of  oxaldehyde  contains  oxaldehydruU 
CH(OH)^.CH(()H)^,  and  that  this  on  oxidation  yields  the  compound 
CH(OH),.C(OH),,  which  ia  anbsequently  retoltred  into  dihydroxyaoetie  acid 
and  water.  The  formation  of  the  compounds  with  aeid  sulphitea  nay  be  equally 
well  explained  by  aid  of  either  formula.  The  nature  of  the  ammonie  salt  in 
question  will  be  considered  later  on. 

To  prepare  dihydroxyaceitc  acid  from  aloihol,  220  grams  of  So  per  cent. 
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spirit  is  placed  in  a  tall  narrow  flask  of  about  1*5  litre  capacity,  and  by  meant*  of 
a  tunnel-tube  drawn  out  to  a  fine  point  loo  grams  of  water  is  caretully  intro- 
dnoed  below  tke  aloohol,  and  aftenrtrdi  300  gaam  of  red  fmniD^  nitrie  add  u 
poured  in  lo  as  to  form  a  lajor  bdow  ih«  water ;  tiie  flaak  Is  doaed  with  a  ooik 

provided  with  a  bent  tube  dipping  ander  water,  and  is  then  left  at  •  tempo* 
rature  of  20° — 2  2°  (68" — 7i°-6F.)  until  the  three  liquids  have  become  com- 
pletely mixed,  which  is  usually  the  case  after  6  or  8  days.  This  pro<lnct  is 
evaporated  to  a  syrup  on  the  water-bath  in  portions  of  not  more  than  20 — 30 
grama,  and  the  reaidnea — eomiiating  of  ^lyoxal,  glycolic,  glyoxylio  and  oxalic 
aeidH — are  disstolvad  in  a  amall  quantity  of  water,  the  solution  is  neutralized 
with  calcic  carbonate,  about  an  equal  volume  of  alcohol  is  then  added  and  the 
whole  thrown  on  a  linen  filter;  finally,  the  residue  on  the  filter,  a{\er  being  well 
pressed,  is  repeat«>dly  extnicted  with  boiling  water.  The  solution  thus  obtained 
deposits  calcic  glyoxylate  in  hard  pri^'matic  crystals,  or  if  sufficiently  oonoentrated 
Bolidifiaa  to  a  gektinooa  mass  of  fine  needlea,  wbieh  after  a  few  daja  ahrinks 
together  in  oonsequence  of  the  formation  of  the  prismatic  crystals ;  a  second  and 
third  crop  of  crystals  may  be  obtained  by  concentrating  the  mother  liquor.  The 
free  acid  is  prepared  from  the  calcic  salt  by  double  decomposition  with  the 
equivalent  amount  ot  oxalic  acid  (Debus). 

To  proowe  dihydroxyaeetie  acid  ftom  ^bronaeetio  and,  aa  aqneona 
aolution  of  argenlio  dibroafkaoatate  ia  boiled  until  the  whole  of  tiie  ail?er  ia 
separated  as  argentic  broraidie  :  2CHBr,  C00Ag4- 2O]rj  =  CH(0H).^.C00H  + 
( 'II Br^.COOlI  -♦-  2A^'Br;  the  resulting  Hohition  of  dihvdroxy-  aiid  dibromaeetic 
acids  is  then  carefully  neutralized  with  argentic  carbonate  and  Imiled  until 
argentic  bromide  ceases  to  be  formed:  CU(OH),.COOAg  +  CllBr,.COOA^  + 
9OH,  =-  3CH(0  H),.COOH  +  3 AgBr.  The  filtrate  from  the  ai|;entio  bromide  ia 
evaporated  to  a  small  balk  on  the  water-bath,  sufficient  bydmchloric  acid  ia  then 
added  to  remove  the  traces  of  silver  present,  and  the  solution  farther  concen- 
trated over  sulphuric  acid,  when  it  gradually  solidifies  to  a  maaa  of  eiyatala 
(Perkin,  Journ.  Chem.  Soe.,  lii'J'J,  ii*  96). 

l)i  hydroxy  acetic  aoid  cryBtalliies  apparently  in  monocltnic 
prisnM,  very  loliible  in  water  and  alcohol;  when  heated  it  melts 
to  a  lyrupy  liquid,  which  cannot  be  distilled  withont  decomposi- 
tion (Perkin).  According  to  Debus,  on  distilling  an  aqueous 
solution  of  the  acid,  at  first  pure  water  and  afterwards  the  un- 
chanj^rd  acid  pass  over;  and  on  beating  the  syrupy  acid  in  a 
test-tube  it  volatilizes,  leaving  only  a  slight  black  residue.  It 
is  reduced  to  hydroxyacetic  or  f^^lycolic  acid  by  nas(;eut  hydrogen, 
zinc  dissolving  iu  it  without  evolution  of  hydrogen  in  consequence 
of  this  behaviour;  it  is  scarcely  affected,  however,  by  hydriodic  acid 
at  ioc°  (212°  F.)  (Debus).  Alkaline  hydrates  very  readily  net  upon 
it,  converting  it  half  into  the  corresponding  glycolut.-  and  h^df  into 
oxalate,  mere  boilinj^  of  a  solution  of  its  calcic  salt,  for  exnraple,  lor 
a  few  seconds  with  a  slight  excess  of  liine-watcr  or  milk  of  lima 
being  sufficient  to  completely  decompose  it  in  this  manner;  thi!» 
reaction  affords  a  ready  means  both  of  detecting  and  of  estimat- 
ing the  acid,  it  being  merely  necessary  in  the  latter  case  to 
ascertain  the  amount  of  oxalate  precipitated.    The  reaction  may 
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be  represented  by  tbe  following  equations^  supposing  the  potassic 
salt  and  potassic  hydrate  to  be  employed : 

CH(OH)^COOK  +  KOH  -  II  +  C(OK)(OH),  COOK  =  COOK.COOK  +  OH,j 
CH(OH)^COOK  +  H  =  CH,(0H).C001C  +  OH,. 

Dihydroxyaoetic  acid  is  also  converted  into  hydrozyacetic  acid 
on  adding  hydrochloric  acid  to  a  mixture  of  the  former  and. 
hydrocyanic  acid,  the  reaction  being  attended  with  the  evolntion 
of  carbonic  anhydride  (Bottinger,  Deut.  chem.  Ges,  Ber.,  x.  1084). 

On  the  other  hand,  it  is  very  readily  oxidised,  and.reduces  an 
ammoniacal  solution  of  a  silver  salt,  fbrming  a  brilliant  silver' 
mirror.    It  is  decomposed  by  hydric  sulphide,  but  the  nature  of 
the  reaction  has  not  yet  been  satisfactorily  ascertained  (Debns ; 
BottingLUj  ibid.,  x.  1243). 

Dih^drox^acetale*. — The  metallic  dihydroxyacetatt's  all  correspond  in  com- 
position t<j  tlie  formula  C,,H^ M'O^,  and  cannot  be  deprived  of  the  elements  of 
water  witliuut  undergoing  decomposition ;  they  are  obtained  by  neutralizing  the 
Mid  with  metallio  earbowitos,  or  by  double  deoompomtion  ftom  ths  esbio  sslt 

Caleie  DUkydroayaeeUUe,  [CH(OH),.COO],Ca,  eryntallisM  in  hard  prinna  or 
thin  needle*,  soluble  in  177  pts.  of  water  at  8°  (46^' 4  F.) ;  it  may  be  heated  at 
160"— 170'  (320°— 338°  F.)  without  loss  of  weight,  but  at  180°  (356°  F.) 
it  is  decomposed,  water  and  carbonic  anhydride  beinj^  given  off,  leaving  a  resiiliie 
consbting  of  calcic  carbonate,  glyoolate  and  OAulate,  togettier  with  a  resiuuus 
anWtamWB.  On  adding  lime-watar  to  ita  aolntion,  a  white  floooulent  precipitate, 
apparently  oonMitiiig  of  a  baaie  aalt*  ia  prodooed ;  this  gradually  deoomposes  at 
ordinary  temperatures  and  laf^dly  on  heafciog,  fiimiahing  a  miiture  of  oalcio 
glycolate  and  oxalate. 

On  addinof  the  equivalent  quantity  of  ammonic  oxalate  to  a  solution  of  calcic 
dihydrox^ acetate,  and  evaporating  the  liitered  liquid  in  vacuo,  crusts  of  prismatic 
crjatala  of  the  eompoaition  C,H,NO,,  are  obtained.  Aoeording  to  Ferkin  (loc. 
at,),  although  tha  fiaahly  prepared  solutbn  is  neutral,  it  gradoally  beooinea 
acid  on  evaporation,  and  he  therefore  infers  that  the  ammonic  dihydroxyacetate 
first  produced  is  graJii.iUy  converted  into  the  compound  C\HjN()j.  which  may 
be  regarded  as  amidohydroxyacetio  acid,  CH(NH^(0H).CUOU,  anal(^us  to 
**  aldehyde  ammonia,"  but  Debus  points  out  that  many  other  ammonio  aalta 
bebavB  ainiikrly  when  their  aqoeooa  solutions  are  ovi^nated,  and  that  ammonia 
ia  at  once  evolved  on  treating  the  compound  C,H^NO,  with  alkali,  which  is  not 
the  case  with  "  aldehydt  -aiiiiisoiiiH."  The  existence  of  an  ammonic  salt  of  the 
formula  COH.CCHJN  H^,  however,  is  no  proof  of  the  non-exisitcnce  of  an  acid  of 
the  formula  CiI(OH)^.COOU  and  of  salu  derived  from  it,  or  of  the  existence 
of  an  acid  of  tbe  formula  C0H«00OH;  itmeraly  tends  to  ahow  that  oomponnds 
of  both  forms  are  possible,  oorrespooding  to  ethaUehydrol  CH,.CH(OH),,  and 
ethaldehyde.  CH^.COII.  If  aniline  oxalate  be  employed  batead  of  ammonic 
oxalate,  a  clear  solution  is  at  first  obt^iiu'd,  which,  liowever,  quickly  changea 
and  becomes  yellow,  dtpositiii;^'  an  orange-coloured  powder ;  this  product  does  not 
possess  the  properties  oi  a  sail,  but  is  soluble  in  both  ammonia  and  dilute  hydro* 
chloric  acid.  The  oomponnd  lyi^NO,  diaadvca  in  large  quantity  in  water ;  on 
boiling  the  solntion,  carbonic  anhydride  is  evolved  and  a  brown  resinoua 
substance  produced.  A  number  of  the  metallic  dibydroxyacetates  enter  into 
naekkm  with  ammonia  (oomp.  J)ebn^  Anm,  Ckem,  FJuwm^  cxxvi  j  j6) 
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Sodio  and  ed<no  dihydioiyMetete>  fiMrm  oompoonds  with  the  correspoodii^ 
aeid  solphitM^  appwrentlj  wiabgoiis  to  thoto  obtoiiied  firoai  Um  aldahydw : 

CH(On),.COONa  +  HNaSO,  =  CH(OII)(XaS0,).C00N»  +  OH,. 
CH(OH),.CH,  +  HNaSO,  =  CH(OH)(NaSO,).CH,  +  OH,. 

By  heating  crystalline  dihydroijaoetic  acid  with  alcohol  at  120** — 130** 
(248° — 266°  F.),  it  is  apparently  converted  into  ethylic  diethoxyacetate, 
C'H(l>C,HJ,.CO(X'jHj  (Perkin),  but  tl»i»  compound  is  more  readily  prepared 
from  diuiiloracetic  acid  (Schreiber,  ZeiU,  Ckem.  [2],  vi.  167). 

(1814)  a-/3-DiHYDRoxYPRopioNic  or  Glyceric  Acid:  CjHgO^« 
CH,(OH).CH(OH).COOH.— This  acid  is  obtained  by  oxidizing 
glycerol,  either  with  dilute  nitric  acid  (Debus,  Socoloff)^  or  hj 
heating  it  with  bromine  and  water  (Barth). 

To  prepare  it,  100  pts.  of  glycerol  diiaolved  in  aboiit  an  equal  bnllL  of  water 
is  ^aead  in  a  gfaai  cjUnder,  a&d  100 — 125  pte.  of  faming  nitric  acid  is  intro- 
duced below  it  by  means  of  a  funnel-tobe.  The  two  layers  of  liquid  gradually 
mix.  and  gas  is  copiously  evolved.  After  fieveral  days,  when  the  oxidation  is 
completed,  the  product  is  evaporated  in  a  lar]r^e  flat  dish  on  the  water-batii ;  the 
syrupy  residue  is  dissolved  in  a  considerable  quantity  of  water,  the  solution  ia 
then  heated  to  boiling,  neatraliied  wUh  plnmbio  earbonato  or  OKide>  care  bMig 
taken  to  avoid  an  excess  if  the  latter  be  employed,  and  is  filtered  while  still  hot ; 
as  the  liquid  cooU,  crude  plumbic  glyoerate  i»  deposited  in  crystalline  crusts. 
It  is  purified  by  r&peatid  recrystallization,  with  the  aid  of  animal  charcoal.  To 
obtain  the  I'ree  acid,  a  warm  saturated  solution  of  the  plumbic  t<alt  is  decomposed 

with  hydric  sulphide  (comp.  Haider,  Deut,  ekem.  <?et.  Ber,,  ix.  1902). 

• 

Glyceric  acid  forms  a  colourless  thick  syrup,  soluble  in  all 
proportions  in  water  and  alcohol.  Its  metallic  salts  are  soluble 
in  water  and  mostly  crystallize  well ;  they  all  correspond  in  com- 
position with  the  formula  C^H^M'O^.  It  appears  to  behaTc  like 
lactic  acid  when  heated :  tibat  is  to  wj,  it  loeea  ih»  elementi  of 
water  and  yields  dehydro-derivatives;  when  distilled,  it  yields 
pyruvic  acid>  CH,.CO.COOH.  It  is  readily  converted  into 
o-iodopropionic  add  hj  the  action  of  phosphorus  iodide  or 
hydriodic  acid,  90  per  cent,  of  the  theoretical  amount  of  iodo* 
acid  being  obtainable  (comp.  Erlenmeyer,  Ann,  Chem,  Pharm,, 
cxd.  284).  It  yields  the  corresponding  a-chloropropionic  acid 
when  submitted  to  the  acdon  of  phosphoric  pentachloride 
(Wichelhaus;  Heiuti,  ibid.,  dvi.  35);  the  amount  produced  is 
small,  however,  and  the  nature  of  the  reaction  by  which  it  is 
formed  is  at  present  obscure.  Glyceric  acid  is  very  readily 
oxidized ;  it  reduces  an  ammouiacal  solution  of  a  silver  salt.  It 
is  much  more  stable  than  dihydroxyacetic  acid  in  presence  of 
alkaline  hydratfs.  a  sohitiou  of  baric  glyccrate  being  unaffected 
by  several  hours*  boiling  with  baric  liydrate  (Debus) ;  but  on  boil- 
ing down  with  potassic  hydrate,  it  yields  a  mixture  of  potassic 
lactate,  formate  aud  oxalate  (Debus),  the  first  of  these  products 
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teraltiiig  doabtleas  firom  the  aetion  of  the  hydvogen  displaced  in  the 
formation  of  the  two  latter. 

(1815)  /3".DiHYDBOXYPBOPiONic  AciD :  CH,.C(OH),.COOH.— Thi*  acid 
n  not  known  in  the  fine  rtate,  bat  pfobnblj  it  n  comtitQent  of  nn  nqneons  •oln* 

tion  of  acftofonnle  Mid  {1820).  The  trichlonnlerivati ve,  MH»Ued  uotrichluro- 
glifcerir  acid,  CCl,.C(0H)..CO0H,  is  produced  on  treating  gallic  and  salicylic 
ai  id  or  phenol  with  a  mixture  of  potassic  chlorate  and  hydrochloric  acid.  It 
cryBtallizes  in  long  flat  Deudled,  melting  at  about  100°  (212"  F.),  eztreinely 
K^ttUa  in  all  ordbjuy  ■olTenta ;  it  readily  sublimea,  and  may  even  be  distilled 
withoot  mnoh  Iom.  It  is  at  once  deeompoaed  bj  alkaliea,  .forming  trieUoro-  ' 
methane  and  an  oxalate :  CC1,.C(OH),.COOH  +  OH,  =  CCl^H  +  C(0H),.C0OH  = 
C'(  H  )I  { x'UO  H  +  OH, ;  and  nascent  bydrogen  eoDverta  it  into  laotio  acid  (Schreder, 
Aun,  Chcm.  Pharm.,  clxxvii.  282). 

The  tribroino«acid  obtained  by  Qrimauz  i^Compt.  JSmmI.,  baviiL  974)  by  the 
aetion  of  Immiioe  on  aeetolbralo  and  laetio  aioida  has  very  similar  properties ;  it 
cryatallixes  m  naphtbalene-like  platee  of  the  composition  C,HBr,0, 4-  aOH,  s  (?) 
Cfirg.C(OH),.CS(OH),,  which  are  not  altered  on  exposure  in  vacuo,  but  only 
lose  their  (P)  water  of  oi;)'ataUization  after  aereral  boors'  heating  nt  loo** 
(212'  F.). 

A  closely  allied  compound,  which  probably  has  the  formula  CBr,.C(N0J,.C001i, 
is  prodneed  on  treating  tribromophloroglucol  (1535)  with  nitrie  aind;  this 
body  yields  nitrotribromomethane  and  oxalic  acid  on  deeompoaition  by  water 
(Benedikt,  Ann.  Ckem,  Pkarm.t  clxxxiv.  255). 

(1816)  Thihydboxybutykic  Acid:  l\H  O,  =  (',H^(0H),.C00H.— The 
acid  obtained  by  oxidation  of  erytbrol  (1540)  probably  has  this  constitution. 
Little  ia  known  of  ita  properties  (oomp.  Sell,  Comjpt.  Mend.f  Ixi.  741  i  Lamparter, 

czsxi?.  260). 

(181 7)  Penthtdboxtcapboic  Acids:  C.H^O,  =  C,H/0H),.000H.— 
Three  acids  which  may  be  regarded  as  hafing  this  cooatittttion  are  Imown,  vis., 

maonitic,  gluconic  and  dextronic  acidd. 

Mannilie acidf  obtained  by  oxidation  of  mannitol  (1545),  is  an  nmorplioua 
extremely  soluble  snbstanoe.  The  metallic  salts  which  have  beeu  prep.n  t  d  irom 
it  are  araorphoua  and  mostly  very  aolnble,  bat  they  are  apparently  baaie  aalta 

(Qorup- Besanez,  ibuf.,  cxviii.  257). 

Gluronic  and  <hxtronir  acids. — The  formation  of  these  acids  from  dextro- 
f^lucuse  and  starch  re:*pcH.-tively  has  already  been  described  (pp.  582,  625) :  the 
latter  may  also  be  obtained  from  dextrin  (HabermaniD,  Ann.  Chem.  I* harm., 
obit.  297).  Both  are  optieally  aottTOi  but  dextronie  add  has  a  slightly  higher 
dextrorotatory  power  than  glnoonie  aeid.  Their  bane  and  oaloio  aalts  JLo  (tiifer 
slightly  in  composition,  that  of  the  gluconates  being  represented  by  the  formuUe 
(C\H„0^),Ba  +  30Hj  and  ((.\Hj,().),Ca  +  2OII  ,,  the  dextronates  by  the  formulae 
(C\H,  0,)2l{a+ 4UH,  and  (CJI„U,)X'a  +  OH^,  but,  according;  to  Habermann, 
baric  dextrooate  is  converted  into  the  iaomeric  glucouate  on  recrysuUtzation. 

Acids  or  thb  roBM  CqH^.^O.OOOH  dsritbd  raoM  thb  Acids 

OP  TBB  ACBTIC  SbRIBS. 

Ketonic  Acids  or  thb  Acbtopormic  Sbriss. 

(1818)  The  acids  of  this  form  may  be  regarded  as  derived 
from  the  acids  of  the  acetic  series  by  the  displacement  of  two 
atoms  of  hydrogen  m  the  Cnll^u+i  radicle  by  a  single  atom  of 
oxygen ;  the  acids  produced  when  bath  the  atoms  ot  hydrogen 
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whicli  are  displaced  are  associated  with  the  same  carbon  atom  may 
be  represented  by  the  general  formula  C„H^+i  CO.CnHgn  COOH, 
whereas  those  formed  by  the  displacement  of  hydrogen  atoms  asso- 
ciated with  contiguous  carbon  atoms  may  be  regarded  as  deri- 
vatives of  ethylenic  oxide  and  its  homolognes*.  Only  one  rcpre- 
aentative  of  this  latter  class  is  known^  but  the  former  includes  a 
considerable  number  of  acids.  The  mouhydroxy-derivatives  of 
the  adds  of  the  acrylic  series  would  also  be  acids  of  the  form 
CNH|a.|O.COOH,  but  at  the  present  such  are  not  known 
with  certainty  to  exist  (comp.  Bicinoleic  Acid). 

The  acids  of  the  form  G„|H^^pCO.C.H^.COOH  may  be 
termed  ketonie  aeid$,  as  in  consequence  of  the  presence  of  the  group 
CO  they  exhibit  many  of  the  reactions  characteristic  of  ketones  in 
addition  to  th«  ordinary  reactions  of  acids.  An  acid  of  this  form 
obviously  cannot  be  derived  from  formic  acid.  The  add  of  the 
formula  COH.CX)OH^  derived  from  acetic  add,  is  theoretically 
the  first  term  of  the  series,  but  there  is  no  satisfactory  evidence 
of  the  existence  of  such  a  compound  (comp.  p.  901),  the 
lowest  term  of  the  series  bLiiifji;  acctoformic  or  pyruvic  acid, 
CH3.CO.COOH,  which  is  derived  from  propionic  acid. 

Obviously  the  acids  of  the  form  C^H^n  i^^-^'^^'^  equally 
well  be  regarded  as  derived  from  the  muuliydruxy-derivatives  of 
the  acids  of  the  acetic  series  bv  the  withdrawal  of  two  atoms  of 
hydrogen,  or  from  the  dihydroxy-acids  by  the  removal  of  th^ 
elemcuts  of  a  molecule  of  water. 

The  kctoiiic  acids  are  conveniently  distinguished  by  regarding 
them  as  formed  by  the  introduction  of  so-called  acid  radicles  ot  the 
form  Cj^lUn  +  i-CO  in  place  of  an  atom  of  hydrogen  in  the  C^Hon+i 
radicle  of  the  adds  of  the  acetic  series ;  thus  pyruvic  acid  is 
acetofoxmic  acid,  and  the  compound  CH,.CO.CHg.COOii  aceto- 
acetic  acid. 

The  ketonie  adds  cannot  all  exist  in  the  free  state  or  as 
metallic  salts,  some  being  only  known  as  ethereal  salts ;  this 
apparently  is  the  case  with  all  acids  of  tlie  forms  ft.CO.CU|.COOH, 
K.CO.CU&.COOU  and  B.CO.C(B^.COOU. 

(1819)  AcETOFOBMic  Acid  ;  Pyruvic  or  Pyroracemic  acid:  C,H^O,  = 
CH,.C0.<J001i.— This  acid  was  diMX)vered  by  Berzelius  in  1S30,  who 
obteined  it  m  a  pfodvot  of  the  diy  dirtiiistioii  of  tartwie  acid.  It  if  alio 
formed  by  dry  distillation  of  glyoario  add  (Moldenhauer ;  comp.  Bottlnger,  Deut, 
ckem.  Get.  Ber.yX.  266).  It  may  be  produced  syntlu'tically— i .  by  heating 
/3*-dichloropropioiiif  acid  (1769)  with  water  alone,  or  with  water  and  a  nietiiUic 
hydroxide  or  carbonate;  2.  by  heating  argentic  chluracrylate  with  water: 
CH^CLC0OAg  +  OH,«CH..0a(0U).COOAg  ^  CH^CO.COOAg  -i-  UCS* 
CH^.OO.OOOH'f  IgCl  (Bedknrto  and  Otto^  »Mrf.,x.  265,  2037)2  sad  3.  bj 
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wanning  acctoformamide,  CH^.CO.CO.NH,,  with  A  alighi  oom  of  dUato 
hydrochloric  acid  (1757  ;  comp.  ibid  ,  xi.  1563). 

As  obtained  by  rectifying  the  crude  duitillate  from  tartaric  acid  several 
timea,  «ioUeetiiig  apart  the  portkm  which  hoib  al  155''— 165 (31 1"* — 339"  F.}, 
acetofoimie  add  ia  a  loimwhat  viaoid  liquid  of  tha  ap.  gr.  1**24—1**26,  iwidilj 
soluble  in  water  and  ulcohoL  If  it  be  heated  at  aboat  170**  (33^^  P*)  fiv  wvtnl 
hoars,  carbonic  anhydride  is  evolved,  and  it  is  converted  into  a  resinous  mass, 
from  which  hot  water  extracts  small  quantities  of  acetic,  pyrotartaric  and  uvic 
adds  (Bottinger,  Ann.  Chem.  Fharm.,  cixxxviii.  293) ;  and  as  thLi  decouipusi* 
tioa  alao  takeaplaM  to  a  oertau  extent  on  OMra  diatiUittion  of  the  acid,  it  cannot 
be  obtained  of  fixed  boiling  point.  By  the  action  of  sodiun  amalgam  on  its 
aqueous  solution,  or  by  heating  with  hydriodic  acid,  it  ia  OOBVOted  into  lactic 
acid  (Wislicenus),  which  is  alao  produced  by  dissolving  zinc  in  a  mixture  of 
aoetoformic  and  acetic  acids  (Debus);  if  an  alcoholic  solution  be  digested  with 
sine,  a  small  quantity  of  dimethyltartaric  acid  is  also  formed :  aCH,.CO.COOU  ^ 
sH  »  [CH,.C<OH).COOU],  (Bottinger).  Another  method  of  conmting  it  into 
lactic  acid  consists  in  digesting  it  with  hydrocyanic  and  and  warming  thtLproduct 
with  hydrochloric  acid  (Utitiin^r).  On  oxidation,  acetoformic «Cid  yreld*  either 
carbonic  and  acetic,  or  carbonic  and  oxalic  acid,  according  to  the  nature  of  the  ' 
oxidiiiing  agent.  ^  '      -     ♦ ,  .' 

It  oombinea  directly  with  bmnine,  forming  an  extreme^  unstable  eiy/^jfiAlne 
dibtomido,  C^H^Br.O,,  which  appean  to  be  converted  into\  er^atalline.iDono-  ^ 
bromopjmvio  acid  by  the  action  d  water  (Wiilicenos.  ibid.,  dxlyiiu  a^)*  Bj 
heating  pyruvic  acid  dissolved  in  a  small  quantity  of  water  with  a  single  mole- 
colar  proportion  of  bromine  until  tlic  latter  disapjjeara,  a  liquid  monobronio-acid 
is  obtained ;  if  twice  the  quantity  of  broutiue  be  Uiken,  a  crystjJline  dibromo* 
acid,  C,H,Br,0,  +  aOH,=  {?)CHBr^C(OH),.C(OH),,  ia  formed;  bat  if  the 
heatbg  be  oontinned  after  the  bromine  ie  idieorbed,  tho  hydrobromie  add 
present  acts  upon  this  dibromo-acid,  converting  it  into  pentabromaoeton* : 
CHBr,.C(OH)j.CO0H  +  3HBr  =  CHBr,.C()  C\\  +  3OH,  (Wichelhaus,  ibid., 
dii.  260).  By  employing  a  still  larger  amouut  ot  bromine,  a  crystalline  Iribromo- 
derivative  is  produced  (comp.  181 4).  On  treatment  with  phosphoric  penta- 
chloride,  pyrnrio  aeid  yieUa  j^-diohloropropionio  chloride,  CH,CC1,.C0C1 
(Klimenko). 

By  passing  hydric  sulphide  into  the  freshly  distilled  acid  it  is  converted 
into  a  white  pulverulent  substance  of  the  formula  C^H,j^SOj;  by  tlie  action  of 
hydriodic  acid  this  pioduct  is  transformed  into  crystalline  /iij-thiohydroprupionio 
acid,  CU^CU(ijli).COOH,  identical  with  that  obUined  irom  /3-chloropropionio 
«ad  and  a  metallic  thiohydratei  thia  lattar  oompound  ia  aleo  prcdooed  on 
Mtorsting  a  solution  of  argentic  acetoformate  with  hydric  sulphide  (Bottinger). 

Pyruvic  acid  ^'radually  altera  when  kept,  becoming  yellow-coloured  and 
viscid,  and  it  cannot  be  recovered  entirely  unchangud  from  its  salts;  if  it  l>e 
several  times  evaporated  with  water  on  the  water-bath,  it  is  almost  completely 
'  converted  into  a  syrupy  acid,  incapable  of  forming  crystalline  aalte,  whieh 
apparently  ia  a  polymeric  modification  of  the  original  at^  It  also  undergocN 
condensation  with  remarkable  facility,  yielding;  pyrotartaric  acid,  C\H,0^.  and 
ffiesaconic  acid,  C^H^O^,  on  digc^tiun  with  hydrochloric  acid ;  and  uvic,  C,H,Oj, 
and  a  dinjethylbenzoic  acid  (uvitic  acid),  C^HjO^^,  together  with  acetic  and  oxalic 
acid  and  other  products,  on  boiling  its  aqueous  solution  with  baiic  hydrate 
(comp.  BSttinger,  loe,  eit. ;  tftict., dxidi.  239). 

Metallic  aeetqformates. — ^The  most  cbaneteriatie  aalt  is  the  argentic  salt, 
CHj.CO.COOAg,  obtained  by  neutralizing  a  warm  solution  of  the  acid  with 
argentic  carbonate ;  it  crystallizes  in  broad  plates  and  prisms.  The  baric, 
potassic,  and  sudic  nalU  arc  alao  crystalline,  provided  that  they  arc  prepared 
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without  the  aid  of  h«it,  but  if  Uwir  lolntioiui  are  concentrated  on  the  water- 
bath  they  form  gummy  amorphous  maiwea.  On  adding  an  excess}  of  baric 
hyflr-.ite  solution  to  a  solution  of  pyruvic  acid,  a  white  precipitate  is  produced,  to 
which  Finck  aAsigns  the  somewhat  improbable  formula  C^^H^ba^Oj^.liallgOj. 

(1820)  HTBEozTAOsrofosvio  Acio  or  CASBAOBfoxTUc  Acid:  C,U,0^=: 
C»,(OH).CO.OOOH.--Aoooidiiig  to  Wiohrihmu  {Oid,,  oliiL  7),  the  nlTer  salt 
of  thia  odd  it  formed  on  digesting  a  eolation  of  a-chloropropionic  acid  with  an 
exc«««  of  ar^ntic  hydroxide.    It  crystallizes  in  bundles  of  j,'listeningf  needles. 
The  free  acid  is  a  syrup;  it  is  convert.ed  into  glyceric  acid  by  nascont  hydrogen. 

(i8ai)  DBUYDKO-a  /j-DiUYDKOirBUTYiiic Acid:  C^H,0^  =  C,U^0.C00H. 
— Thie  acid  ie  obtained  by  converting  the  chloropropylenie  aide  (eo^saUed 
(CH, 

epichlorhjdiin)  O    |  into  tlie  oomeponding  cgrano-deriTattve  by  careful 

(CU.CU|C1 

tmtment  witk  a  dilute  aqueone  eolation  of  put^  potaede  cjamde,  and  boiUag 
this  componnd  with  bydroeUoric  add.    It  crystalliaee  in  glieteoing  priaBoa 

melting  at  225*  (437  F.)t  easily  soluble  in  hot,  but  difficultly  in  cold  wdbar 

(Paziichke,  Jour.  pr.  Chem.  [2],  i.  97  ;  llartenstein,  ibid.,  vii.  295). 

It  does  not  unite  with  hydrochloric  acid ;  heated  with  hydriodic  acid,  it 
yields  butyric  acid. 

(1H22)  ACETOACETIC  Acid:  CHg.CO.CHj.COOH.— This  acid 

caiHiot  exist  either  in  the  free  state  or  in  the  form  of  a  metallic 

salt,  but  its  ethereal  salts  are  stable  compoiuKls  and  are  of  great 

importance  as  synthetical  agents.    These  salts  are  jnciiarcd  from 

the  corresponding  acetates  by  the  action  of  sodium  ;  the  nature 

of  tlie  reaction  involved  in  their  ibrmation  has  been  the  subject 

of  much  discussion. 

Lowi^  and  Weidmann,  in  184c  {Pnpg.  Ann.  1.  05),  m  the  course  of  an  inveft- 
tijjntion  on  the  action  of  the  alkali  metals  on  various  clht'real  salU,  observed  that 
ethylic  acetate  was  violently  attacked  by  potassium  without  any  gas  being 
evolved,  but  thqr  did  not  definitely  eetablieb  the  nature  of  tbe  reeotion,  and  the 
subject  did  not  agam  Mtraet  tbe  attention  of  ebemiets  until  1863 — 1 865.  In 
the  former  year,  Geuther  stated  {Goitinyer  Antei^en,  1863.  p.  281)  that  etbylic 
acetate  was  capable  of  dissolving  about  12  per  cent,  of  itK  weight  of  sodium  with 
evolution  of  hydrogen,  and  that  the  hnal  product  wjw  a  mixture  of  sodic  ethy- 
late  and  a  aodium  compound  of  the  formula  C,ll,NaO,.  produced  in  actxjrdance 
with  the  eqoation:  aC.H.O,  +  aNas.  H,  + C,U.ONa+ C,ll,NaC\ ;  the  latter 
compound  wea  isolated  in  a  pure  state,  and  its  pvoperties  most  carefully  aaoer- 
tained,  and  it  wan  shown  that  b}'  heating  it  in  a  current  of  hydrochloric  acid  gaa 
tlu'  curres{)onding  hydrogen  compound  C'^Hj^Oj  could  be  obtained,  and  that  bv 
treating  it  with  methylic  and  ethylic  iodide,  the  Mxiium  could  be  difpluced  by 
methyl  and  ethyL  Holding  pecoliar  viemi  aa  to  the  eonetitution  of  acetic  acid, 
Qenther  asdgned  peeoliar  rational  formuUe  and  namee  to  tbeee  compoonda, 
terroiug,  for  example,  the  componnd  C,H,,0,,  dimetk^lencarbonsaureaiAf' 
UndtA0r"  or  diacetsauredther,  and  lepceeenting  it  by  tbe  formula  (old  notation) 

C.U,.  C,0,  /  HO,  C A.  acetic  acid  being  C.H^  C.O,  |  . 


bat  be  enbeeqaently  (/enmMfte  ZeiUekrift  f,  Mtdeem  «.  Naimrw,  1865.  38 7) 
idmewhat  modified  his  views,  and  termed  the  componnd  C,H,^0,  ethyldiaootio 
acid  instead  of  diacet  c  ether,  a»  he  found  that  it  was  capable  of  ezduuiging  an 
atom  of  hydrogen  for  metala. 
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Meanwhile  Frankland  and  Dnppa  published  a  most  important  memoir 
{Phil.  Tram.,  clvi.  37),  in  which  they  described  the  product  obtained  on 
dissolving  a»  much  ttodium  as  possible  in  ethylic  acetate  and  at  once  treating 
the  eutire  crude  product  with  moniodo-panffins.  Using  etbylic  iodide  they 
obtained  fear  disthiet  prodveli,  tIs.,  eikaeetaU,  C,H,'CH,.C(X)€,H,, 

ethj/lic  diethacetate,  (C,H^)jCH.COOC,Hj,  ethylic  ethacetonecarhouate, 
CH,CO.CH((:^Hj.C()OC\Hj— a  substance  having  all  the  properties  dc^cr:l>»^d 
by  Geuther  as  characteristic  of  that  produced  on  treating  the  cou)|)ound 
C^H^NaO,  with  ethylic  iodide,  and  ethylic  dieihaceionecarbonate 
da[,.CO.C(C,H,),.COOC,H,.  Anakgont  wmpooiidt  wwt  oMned  when  other 
moniodo-paraffin*  wa«  employed.  In  order  to  espbdn  .  the  formation  of  theae 
differottt  bodiea*  Frankland  and  Duppa  assumed  thai  three  other  sodium  com- 
pounds were  formed  bebides  thnt  isolated  by  Geuther,  and  taptMcnted  the  action 
of  sodium  9n  ethylic  acetate  by  the  following  equations : 

I.  2CH,.C00C,H,  +   2Xa  =  H,  +  2CII,Na,C00C,H^ 
U,   C1L.C00C,H,  +  2Na  =  H,  +  CHNa^.COOCVH,. 

CH,  CHNa.COCH.. 

III.  41  +  4Nn  =  H-  +  C.H.ONa  +  1  ' 

CO.OC^,  «         «  •  CO.OC.H^. 

CH.  CNa^CO.CH- 

IV.  4 1   •         +  6N»  =  2H,  +  2C,H..0N»  +   I  ^ 

CO.OCA  CX).OC.H,. 

From  theae  variooa  eonpoanda,  the  above-nained  ethylie  derivativea  were  anp* 

posed  to  be  formed  by  the  diraet  diaphusement  of  the  sodium  by  ethyl. 

Geuther  maintained,  however,  that  no  other  sodium  derivatives  than  the  two 
he  bad  isolated  were  formed  in  the  reaction,  and  stated  as  a  further  proof  of  the 
oorrectnesa  of  the  equation  2C^H,0,  +  2Na  =  H,  C,H^ONa  +  C.H^aO,  that 
•Imoattba  theoretical  amount  of  "  ethyldiaoetio  aoid"  oonid  bo  obtained  by  dia- 
aolving  aodinm  in  a  large  exeeaa  of  ethylie  acetate,  dietilling  off  aa  fkr  aa  poaaiUe 
the  eneaa  of  the  latter  on  the  water  bath,  dissolving  the  residue  in  water, 
addinsj^  an  amount  of  acetic  acid  equivalent  to  the  sodium  employed,  and  ex- 
tracting with  ether  (Zt/('.?.  Chem.,  1866,  439  ;  1 868,  58).  He  suggested  that 
the  ethacetate,  dietbacetate  and  diethacetonecarbonate  obtained  by  Frankland 
and  Duppa  were  probably  formed  from  tiie  ethaeetonrearbonate  reaolting  ftom 
the  action  of  ethylio  iodide  on  the  aodinm  compound  0,H,NaO,  by  the  action  of 
the  sodic  ethyhta  tut  by  the  combined  action  of  sodic  othyl:ite  and  ethylic  acetate, 
and  actually  succeeded  in  obtaining  ethylic  ethacetate  by  lu  ating  a  mixture  of 
ethylic  ethacetonecarbonate,  ethylic  aceUite  and  sodic  ethylate  at  120°  (248°  F.) 
{ibid,,  1869,  27),  but  he  did  not  show  that  the  two  other  compounds  could  be 
produced  in  thia  manner. 

Oenther's  experiments  for  a  long  time  were  not  estimated  at  their  proper 
▼alae,  and  chemists  continued  to  believe  in  the  possibility  of  forming  the 
sodium  derivatives  corresj)onding  with  the  ethylated  compounds  obtained  by 
Frankland  and  Duppa ;  any  doubt  as  to  the  correctness  of  his  interpretation  of 
the  action  of  aodinm  on  ethylic  acetate  haa  been  randcred  impoiaible,  however, 
by  the  reeent  important  reaearohea  of  Wislicenna  (comp.  Aim,  Ckem»  Pkarm,, 
elxxxvi.  61).  Tl.iri  chenli^t  Rnds  that  ethylic  acetoacetate  (Qeuther'a  ethyldiaoetio 
acid),  CH,.C<).CH.j.('<  H>fyi^,  ia  capable  of  exchanging  only  one  atom  of 
hydrogen  for  sodium  when  submitted  to  the  action  of  this  metal,  forming 
Geuther's  compound  C,H,NaO,  =  CH,.C0.CHNa.COOC,H,.  but  that  if  the 
aodinm  in  thta  body  be  displaced  by  ethyl,  a  anbatanoe  ia  prodnead  which  ia  abo 
capable  of  exchanging  an  atom  of  hydrogen  for  aodinm,  forming  cthylio 
aoeto^odethacetate,  CH,  CO.CNa(C,H  J.COOC,H, ;  by  treating  this  latter  com- 
poond  with  etbylio  iodide,  etbylic  aMtodiethaoetote,  CH,.CO.C(C^g.COOO,U^ 
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is  produced,  and  upon  this  body  sodium  has  no  action  whatever.    He  also  finds 
that  Bodic  ethylate  may  be  employed  instead  ot  sodium  in  piejMiiinjj;'  Xlw>e 
sodium  compounds,  and  that  if  the  sodium  compounds,  or  the  mixture  ol  8udic 
ethylate  and  aoetntoetate,  aoetoethMatato  or  utiodkl^bmeMb  be  heated,  • 
complex  mixture  of  decomposition  products  ia  obtained,  diief  among  wkidi  ia 
tlie  ethylic  salt  of  the  acid  of  the  acetio  seriea  from  which  the  acetoaeetate  is 
derived.     Kiliylic  acetosodHcetate,  for  example,  yieldini;  etliylie  acetate,  and 
eth^iic  ethacetate  or  butyrate  being  Ibrmed  from  the  bodethacetate.  These 
fiula  enable  u&  to  explain  Frankland  and  Duppa's  results.    In  the  first  inatance, 
bj  the  aetioa  of  the  aodinm  on  the  eChjrlie  aeetate,  a  miztnre  of  ethylic 
aeetoaodaoetate  and  sodic  ethjUlte  ia  produced ;  on  treating  this  with  ethylic 
iodide,  the  former  is  partially  tonverted  into  ethylic  aeetoethacetate,  and  the 
latter  partially  converted  into  ethylic  ether  ;  the  awtoeth acetate  thus  formed, 
however,  partly  enters  into  reaction  with  the  unattacked  sodic  etliylate,  and  the 
resulting  aeetoeodethaoetite  ia  in  turn  transformed  into  aortodiethaoetate;  hot 
bmng  in  prosence  df  eodie  ethjlate,  the  aoetocthaoetate  and  aeeto^Uethaoetate 
thus  produced  partially  undergo  deoompoeition  into  ethylic  ethacetate  and 
diethacetate  respectively.    A  precisely  similar  explanation  may  be  given  of  the 
formation  of  tlie  corresponding  methyl  and  isopropyl  derivatives  wJuch  are 
produced  when  methyiic  and  ioo^ropylic  iodides  are  employed. 

Ldwig  and  Weidmann  obearred  that  potassinm  dbeolved  in  ethylic  aoetate 
without  evolution  of  gas,  bat  aooording  to  Geuther  and  Frankland  and  Dappa 
hydrogen  is  always  evolved  in  oomriderable  quantity  on  dissolving  sodium  in 
ethylic  acetate;  Wanklyn,  however,  has  maintained  that  no  hydrogen  is 
produced  when  pure  ethylic  acetate  in  heated  with  sodium  {Ann.  Chtm.  Fharm,, 
43),  and  that  the  action  takes  place  in  accordance  with  the  equation  : 

3CH,.C(;'(H'^H,  +  4Na  »  3C,H,0Na  +  Na(CO.CH,),, 

Kthj  lic  actitate.  Sodic  cthylatc.        Sodium  triacttxl. 

but  without  advancing  the  slightest  experimental  evidence  of  the  truth  of  this 
equation;  Ladeuburg  aiso  has  stated  {Dcut.  chtm.  Get,  Ber./m.  305)  that 
ethylic  aeetite  purified  from  alcohol  by  treatment  with  nlide  chloride  or 
phoephorio  myehloride  is  only  slowly  attacked  by  sodium  at  100^  (312*  F.) 
and  that  no  hydrogen  is  produced ;  and  according  to  Oppenheim  and  Precht 
{ibid.,  ix.  318)  the  acetate  when  distilU-d  from  phosphoric  anhydride  dissolve?; 
sodium  without  evolution  ol'  hydrogen.  The  amount  of  liydrugen  obtained  by 
Frankland  and  L>uppa  was  too  large,  however,  to  have  been  produced  entirely 
from  alcohol  pvesent  as  impurity  m  the  acetate  employed  (com  p.  Proc.  Hoy.  Soc.^ 
1870,228),  and  Geuther's  experiments  leave  little  doubt  as  to  the  correctness  oi  the 
equation :  aCH.X'OOC.H,  +  2Na  =  H,+  C„II/)Na  +  CH,.CO.CHNa.COOC,H, 
as  an  expression  of  the  primary  reaction.  Probably  the  hydrogen  enters  into 
secondary  reactions ;  but  apparently  the  extent  to  which  this  takes  place  varies 
according  as  the  acetate  is  tree  from,  or  contains,  alcoboL 

Geuther  haa shown  that  ethylic  acetoeodaoetate  may  be  obtained  by  heating 
ethylic  acetate  with  sodic  ethylate  free  from  alcohol  at  130^  (266°  F.),  and  that 
it  is  also  formed,  although  in  less  quantity,  when  the  crystallized  ethylate 
(p.  429)  is  employed  {ZeiU.  CAem.,  1868,  652)  ;  according  to  t >ppenheim  and 
Precht  {Ibc.  cit.),  a  certain  amount  is  produced  on  merely  heattug  a  mixture 
of  an  alcoholic  solution  of  sodic  ethylate  with  ethylic  acetate  for  aefenl  hoiifc 
at  ita  btnling  point  If  such  a  mixture  aa  thw  laai  be  aobmitted  to  disUllation 
from  the  water-bath,  the  ethylic  acetate  pas^>es  over  unchanged  (Geuther)  ;  bat 
according  to  Wanklyn  iAvn.  CAcm.  PAajm..  cl,  205),  pure  sodic  ethylat**, 
NaOt'jH^,  conibinL'i4  with  ethylic  a<»tate,  and  on  heating  the  mixture  at 
100° — 200°  (212*^ — 392^       Alcohol  di»tiiii  over.    These  obscrvatiOiui  arc  uf 
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considerable  importance  in  connexion  with  the  question  as  to  the  manner  in 
which  ethyiio  acetosodacetate  in  produced,  and  together  with  the  fact  that  the 
Mtioa  oT  Mdinm  od  puire  ethylic  Metato  takiM  plaos  with  tttnmie  dowiMtt, 
wh«rM0  Ibe  or^fMrj  aoetato^  which  andonhtedly  oontniis  alcohol,  it  vwj  vetdUj 

attacked,  they  lend  ooiutderftble  support  to  the  view  that  sodio  ethylafce  and 

not  sodium  is  the  renl  agent  in  ptFt'oting  the  conversion.  It  appears  not  im- 
probable that  a  coniponnd  ut  the  ethylute  with  the  acetate  is  first  produced,  thus : 

CH,.CO.OC,H,  +  C.HpNa  =  CTr,.C(OC  Ji,),.(0\a). 

and  that  this  enters  into  reaction  with  a  second  molecule  of  acetate,  ultimately 
forming  ethylic  aoetoeodaoetate  and  alcohol,  perhaps  as  shown  by  the  equations : 

CH-C    OC\H.  +  CH,.COOC,H,  =  CIL.C^  ONa  +  C^^OH 

I  (JNa  {  CH,.COOC,H, 

I  0^'.H.  (  OC.II, 

CH,  C    ONa  -CH,  C    OH  =  CH,.CO.CHNa.COOC.H. 

( CH^COOC^,  ( CHNa.(X)OC,H,  +  C^,.OH. 

(1823)  Prtparatum  qf  ethylic  acetoaeetate. — Conrad  and  Wi»licetms  (Ann. 
Giem,  Pkarm.,  dxxsvi.  314)  give  the  following  instnictions  for  preparing  this 
compound  by  Geuther's  method: — looo  grama  of  ethylic  acetate  are  placed  in  a 
flask  provided  with  an  efficient  reversed  condenser  and  100  gramA  of  sodium  in 
pieces  of  about  the  cubic  contents  of  a  pea  are  added  at  once.     The  liquid  Koon 
enters  into  ebullition,  much  heat  being  developed ;  when  the  reaction  slackens, 
heat  is  applied  by  means  of  a  water-bath  vn^l  the  sodium  is  completely  dis- 
iolvcd,  whidi  is  mmally  effected  in  from  3  to  3}  hours.    The  still  warm  man 
is  then  mixed  with  550  grams  of  50  per  cent,  acetic  acid,  the  mixture  is 
allowed  to  cool,  about  ^  a  litre  of  water  is  added  and  the  whole  well  agitated. 
The  upper  layer  is  now  separated,  washed  witli  a  little  water,  and  heated  in  a 
copper  vessel  on  the  water- bath  to  drive  off  as  much  as  possible  of  the  unchanged 
ethylic  acetate;  the  feaidnc  is  then  fractionally  distilled  from  «  glass  vessel, 
collecting  apart  the  portions  which  coma  over  at  100^^130^  130* — 165^ 
16-"— 175°,  175®— 185°,  and  185*— 200"*  C.     After  refractionating  these 
distillates,  collecting  between  the  same  limits  of  temperature,  the  distillates  at 
100 ** — 175°         1^5° — 200°  C.  are  reduced  to  very  small  ainonnts,  and  the 
fnbction  boiling  at  175' — iSj^  C.  is  sulUcieiitly  pure  for  most  purposes,  but 
may  be  forther  purified  by  fractionation ;  too  frequent  distillation  is  to  be 
avoided,  however,  as  a  small  amount  of  the  ai^toacetate  is  decomposed  at  each 
distillation  into  lower  boiling  products  and  dehydracetic  acid  (1832).  The 
maximum  amount  produced  in  this  manner  is  175  grams,  but  considerably  less 
is  obtained  if  a  loni^r  time  be  taken  in  dissolving  the  sodium,  or,  what  amounts 
to  the  same  thing,  if  a  larger  quantity  of  acetate  be  employed.    A  considerable 
anaonnt  of  ethyUc  acetate  may  be  recovered  by  washing  the  distillate  ocrflected 
below  100*  C.  with  a  saturated  solution  of  iodic  diloride  to  wmove  alcohol, 
drying  over  calcic  chloride  and  rectifying. 

(1824)  Properties. — Ethylic  acetoacetate  is  a  mobile  colourlciis  liquid  of 
fruity  odour,  somewhat  soluble  in  water,  of  the  sp.  gr.  i'03  at  5°  (41"^  F.);  it 
boils  at  i8i<'  (asv^'S  F.).  Ite  aqneoni  aolntion  is  ooloored  dark  violet  hy 
forrie  chloride  It  passes  over  unchaagud  with  vnpoor  of  water,  but  if  heated 
with  water  at  i  (50**  (302**  F.),  it  is  decomposed  into  dimethylketono  or  acetone, 
ethvlic  alcohol  and  carbonic  ncid  :  CII..C0.CH,.C(XM:\H,  +  2OH  CH  .CO.CH 
+  CO(OH),  +  C.II^.Olf  ;  in  presence  of  miner  il  acids  or  alkalies  this  decomposi- 
tion takes  place  much  more  readily  (comp.  18 19).  It  is  converted  into 
3-hydroxy butyric  add  by  tba  actum  of  oaioeat  hydrogen  (iSo;).  On  oiidatioii» 


Digitized  by  Google 


010 


BTBTLIO  ACBTOACBTATB 


[1804. 


by  a  very  dilute  solution  of  potassic  permanganate,  it  yields  acotic  and  oxalic 
acid.  It  combines  with  hydrocyanic  acid,  forming  a  cyanide  which  i»  convertible 
into  hjdroxypyrotartaric  acid.  It  also  combines  with  a  single  molecule  of 
bromine,  forming  an  qnateMb  dibfomide,  C,Hj,U,Br,  (Lippmann),  bat  if  tntted 
with  an  exeeM  of  bromioe  it  appem  to  form  a  dlbromodibromide,  C,H,0,Br^ ; 
dilorine  is  readily  absorbed  by  it,  a  considerable  amount  of  heat  being  developed 
and  pure  hydnx-hloric  acid  evolved:  the  product  \a  a  colourless  liquid,  boiling 
at  206"'  {402°'8  F.);  it  is  with  difficulty  dfcompoaed  by  water,  but  if  heated 
with  dilute  hydrochloric  acid  at  170° — jSo**  (338* — 356"^  F.),  it  is  resolved 
into  dioblaraoetone,  CH,.C0.CHC1,,  earbonio  aeid  and  etbylio  aloohol ;  if  deeom- 
poiid  with  aa  aqoeona  or  alcoholic  stdation  of  potaaaio  hydrate,  however,  it 
furnishes  a  mixture  of  acetate  and  dichloraoetate,  and  is  thns  shown  to  be  etbylie 
acetodichloracetate,  bo  that  the  aotion  of  ohJorine  ia  rqpreaented  bj  the  e^oatioii 
(Conrad,  ibid.,  clxixvi.  232)  : 

CH^OO  CH,.COOO,H.  +  aCl. «  CH,  CO.CCl^COOC^,  +  aHQ. 

The  noDoehlorinated  oomponnd  hae  been  obtained  by  heating  ethyl  ic  aceto- 
acetate  with  suphuric  dichloride,  SO^Cl,  (Allihn,  Deut.  chem.  Get.  B9r.,iA.  567). 

Ethylic  acetoacetate  is  readily  attacked  by  phosphoric  pentachloride.  a  mixture 
of  hydrochloric  acid  and  ethylic  chloride  being  evolved ;  probably  the  tirst 
action  consists  in  the  formation  of  ethylic  dicblorobutyrate :  PCI, 
CH,.OO.CH,.COOC,H,  =  CH,.CC1,.CH,.C00C  H^,  but  thie  deoompoeea  into 
hydro<hloric  acid  and  a  mixture  of  the  ethylic  salts  of  two  isomeric  chloro- 
crotonic  arids  :  (\lI/n,.COOC,H^  =  C.H/n.COOty  I,  +  lU'l  ;  the  hydrochloric 
acid,  however,  partially  decomposeH  the^e  ethylic  saltrt,  lorniing  ethylic  chloride  and 
the  corresponding  acids,  and  these  latter  ar,e  converted  into  the  acid  chloride  by 
the  action  of  the  pentachloride,  ao  that  finally  a  mixtnre  of  the  aeU  ohloridee  and 
of  the  ethylio  aatti  of  the  two  ehloroerotonicacideia  obtained.  A  conuderable 
amoont  of  a  resinous  substance  is  also  produced  (Gcuther,  Jour,  pr,  Cftem.  [aj. 
iii.  432).  If  well  cooled  ethylic  acetoaoetate  be  saturated  with  ammonia,  a 
crystalline  highly  deliquescent  substance  of  the  formula  C^H||KO.,  -  t\H,  (  ).  + 
—  OH,  is  produced  (Precht,  ibid.,  xi.  1 193);  aniline  also  readily  dfCompON?s 
it  with  formation  of  aoetone,  aloohol  and  diphenylcarbamide,  00(NH.C,HJ, 
(iMI.,  is.  1098). 

If  the  mixture  of  sodic  ethylate  and  ethylic  acetosodacetate  produced  by 
treating  ethylic  ac«'tate  with  sodium  be  gently  wanned  with  carbonic  bisulphide, 
a  violent  react-on  takes  place;  the  product,  when  purified  by  crystallization  from 
water,  forms  brick-red  coloured  needles  of  the  composition  C,,H^S,NaO^.  The 
formation  of  thie  body  may  be  explained  by  soppoaing  that  the  biaidphide  eom* 
binea  with  the  acetosod acetate,  and  that  the  resulting  compound  then  enters  into 
reaction  with  the  sodic  xanthate  formed  by  the  onion  of  another  portion  of  the 
bianlphide  with  aodic  eihyUte ;  thus : 

CH,.00,CHNa.COOC,H,  +  CS,«  CH,.C0.(JH(C8SNa).000C^,. 

CH..CO.CH(C8gNa).000C.H,  -f  CjafiJO&BaH^  -  CIIa.OaO(CBSNa)  {  •¥  NaSH. 

If  a  mixture  of  ethylic  acetoacetate  and  carbonic  bisulphide  be  heated  with 
plnmbic  or  zincio  oxide  in  sealed  tabea  at  100*  (218^  F.),  a  compound  of  the 
fornnla  C^H^SO,,  cryttalliiing  in  straw-yellow  needles,  is  produced ;  it  may  be 

represented  as  formed  in  the  followini;  manner  (Norton  and  Oppenheim.  ibid.9 

X.  701):  ('H,co.cH,.co( k:.h,  +  cs^-t-Pbo  =  cH,.a).c  (t's)r(H)Oji^  + 

PhS    OH,.    Kthylic  acctosodaoeUite  enters  direct! v  into  naclion  with  di.izo-salts 
in  the  manner  represented  by  the  equation  K'.N,.NO,  +  CH,.tU.CliI\a.COOC,H 
«CH,.OO.CH(N^B0  COOC,U  -f-NaKO,;  therasalting  oompounds  eiystalliw 
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well,  and  are  decomposed  with  remarkable  facility  by  alkalies,  forming  metallic 
salts  of  the  corresponding  acetoacetic  acid  derivatives,  from  which  the  free  acids 
mKf  be  oUKned  (Y.  Meyer,  ibid.,  x.  2075  ;  Zublin,  xi.  1417)- 

(1825)  Metame  dmaHim  Hkjflie  oMAMieelaff;— Sthjlie  MetoMetaie 
i»  oapftbla  of  exchanging  one  of  its  atoms  of  hydrogen  not  only  for  sodium  bnt  for 
metals  generally,  forming  a  series  of  well-characterized  metallic  derivatives  of 
the  formula  CH^.f'O.rHM'.COOC  H^.  Flhtfllr  ocetosodacetate  is  best  pre- 
pared  in  the  solid  Htatti  by  distiolving  sodium  in  about  ten  times  its  weight  of 
anhydrooa  abolioL  adding  to  the  oold  oyitaUine  maM  an  equal  folitiiie  of  ether, 
and  treating  the  mixture  with  the  eqaivalent  quantity  of  ethylie  aoetoaoelate 
also  dilated  with  an  equal  Tolune  of  ether}  on  adding  about  2  c.c.  water 
and  stirring  well,  it  separates  as  a  crystalline  precipitate,  which  may  be  pressed 
and  dried  over  sulphuric  acid  (Harrow,  Jour.  Chem.  Sor.  Trans.,  1878.  427), 
It  crystallizes  from  a  mixture  of  ether  with  a  small  quantity  of  alcuhol  in 
fiMiheiy  needles  (Geather).  Probably  thie  compound  is  also  formed  on  disaolving 
ethylie  aoetoaoetate  in  a  dilute  solution  of  aodie  hydrate,  and  the  correeponding 
potassium  and  barium  derivatives  may  be  produced  in  a  similar  matnur.  By 
adding  ctipric  acetate  tn  a  solution  of  the  barium  derivative  (Geutlier),  or  by 
shaking  the  acetoacetat<'  with  an  ammoniacal  solution  of  cupric  sulphate  (Conrad), 
tikylic  acetocupracetate^  Cj,Hj,O^Cu,  is  obtained  as  a  pale-green  precipitate 
insolnble  in  water;  it  cryatalliMe  from  hot  benwne,  alcohol,  or  ethylie  iodide  in 
glistening  needles,  melting  at  182°  (359^*6  F.).  The  corresponding  cobalt  and 
nickel  derivatives  are  produced  by  shaking  ethylie  acrtoaretate  with  solutions  of 
a)liiih  and  nickel  sulphate  containim,'  ammonia  and  amnionic  chloride ;  they 
crystallize  from  hot  benzene  in  microscopic  plates.  The  magnesium  compound 
may  be  prepared  in  a  prediely  aimilar  ;nanner,  or  by  the  action  of  magnesinm 
amalgam  on  ethylio  aoetoaoetate,  and  crystalliaee  iirom  benxene  in  glistening 
plates,  which  melt  at  240°  (464°  F.)  with  decomposition.  If  ethylio  aceto- 
acetate  he  added  to  a  solution  of  potassic  aluminate,  the  liquid,  which  is  at  fir-^t 
clear,  alter  a  few  hours  Ix'coMies  tilled  with  glistening  cr3'stal8  of  the  aUiminiuia 
darivative  (^«H/^j),Al, ;  this  compound  is  very  soluble  in  ether,  benzene  and 
carbonie  Ineolphide ;  it  melte  at  -jb"  (168°  8  F.),  and  may  be  diciilled  unchanged 
(Ooniad,  Ann.  Chem,  Pkarm,,  dnxviii.  369). 

(1826)  Action  of  sodium  on  ethereal  aceU^  other  than  ethylie  acetate.—' 
Brandes  (2<»i7a'.  Chem.,  1866,  454),  Oppenheim  and  Precht  [Deut.  chem.  Geit. 
Ber.,  \x.  1097).  and  Conrad  {Ann.  Chem.  Pharm.,  clxxxvi.  228),  resj^ectively 
have  shown  that  methvlic,  isobutylio  and  isamylic  acetates  behave  as  ethylie 
acetate  on  treatment  with  eodiumf  hence  it  wonld  appear  that  the  acefcatee  of 
the  ftrmola  CH,.COOCBH,n  ^.  ^  may  all  be  converted  into  the  conciponding 
acetoacetates,  CTr,.CO.OH,.CO(Mj„H,„  +    by  the  action  of  sodium. 

Conrad  and  Hoilirkinson(.l/}«.  Chem  Pharm.,  cxciii.  298)  find,  however,  that 
benzylic  acetate,  propiojiatc,  and  butyrate  furnish  as  chief  products  a  mixture  of 
the  sodic  salt  of  the  corresponding  acid  of  the  acetic  aeries  with  the  benzylic 
■alt  of  a  benayl  dertTative  of  the  same  acid ;  and  Hodgkinson  has  obtained  similar 
results  with  benzylic  isobutyrate  {Chem.  Sor.  Jour.  Trans.,  1878,  p.  495). 
The  action  of  sodium  on  benzyli?  salts  of  primary  and  secondary  acida  of  the 
acetic  series  may  therefore  be  expressed  by  the  equation : 

C„H„4.,  „  ^  C'nHni.CH..C.H. 

4 1  +  2Na  =  .21  +21  +  H,. 

^COOCH,.C,H,  COONa  COOCH^C.H, 

But  other  products  are  simultaneously  f  >rmed  :  for  example,  benzylic  acetate 
also  yields  toluene  and  the  sodio  salts  of  einnamie  and  hydrocinnamic  acids, 
together  with  a  certain  amount  of  benzylic  dibensylaoetate ;  the  beniylie  ealta  of 
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the  liomologoas  primary  aci<1s  furnish  corresponding  bodies,  but  b<>nzylir 
iiiobutyrate  behaves  in  a  different  manner.  Thene  results  show  that  tlie  reaction 
is  of  a  complex  character ;  and  although,  at  present,  the  neoeMary  data  lor  its 
comet  interpretstimi  do  not  appear  to  €adiit»  it  k  of  interMt  in  oonnaden 
wtih  thit  qneiition  that  ethylic  acetobenqrl^cetate  does  not  furnish  a  nonnil 
product  on  treatment  with  alkali,  bat  if  converted  into  dibensjflneetato  (^mi. 
Chem.  Pharm.,  c\xxx\'\\.  11). 

(1827)  Produition  of  compounds  0/  the  form  CB^JI^.QlilL.COOQ;A^  and 
CH,.CO.CXY.C0OC,H.  from  etkylie  aeaAMMitefo.— It  hw  alxefldj  been 
pointed  ont  that  n  tflriet  of  luNnolognet  of  otbylio  Motoaeettto  of  the  fenn 
CH,.CO.CH(CnH,„  4. ,)  COOCJIj  may  be  prepared  by  acting  on  the  aoetoacetate 
with  Bodiura  and  treating  the  resulting  acetoeod acetate  with  bodies  such  m 
ethvlic  iodide ;  and  that  by  repeating  these  operations  a  series  of  horaologue*  of 
the' form  CH,.CO.C(CbH^  +  j),.COOC,H,  may  be  obUined.  The  radicle  in- 
trodnoed  at  the  ■00004)  O|wratioik  may  either  bo  the  oamo  or  different  from  that 
introdnoed  at  the  tret  {  iaA  besides  the  haloid  oomponnde  of  the  CqH^  ^ ,  radirlc* 
rery  many  other  haloid  compoQnds  of  the  form  B'  (d,  Br,  I),  aiieh  aa  ethjiie 

inonochloraretatp,  Sic,  may  be  employed.* 

Wi»<lioenub  has  described  at  length  the  precautions  whirh  should  be  adopted 
in  preparing  8uch  derivatives  {^Ann.  Chem.  Pharm.t  clxxxvi.  216).  He 
reoomnienda  that  the  ethyKo  aoctoaoetate  be  nizod  with  i^KNit  aa  eqnal  vohoM 
of  pure  benzene,  and  that  the  eolation  be  digested  with  an  excess  of  sodiara  ia  a 
flask  attached  to  a  reversed  condenser;  the  excess  of  sodium  having  been 
removed  by  means  of  a  glass  spoon,  an  amonnt  of  the  haloid  eomponiul  etjn  va- 
lent  to  the  amount  uf  sodium  disAolved  is  then  run  in,  and  the  mixture  digested, 
if  necessary,  on  the  water- bath.  Afterwards  sufficient  water  is  added  to  dissolve 
the  oodie  chloride,  bronide  or  iodide,  and  the  aqoeons  solution  separated  tim 
the  eolation  of  the  product  in  benzene ;  the  latter  is  washed  by  agitation  with  a 
small  quantity  of  water,  dried  by  means  of  }>ota'<«ir  earbonate  or  some  other 
suitable  desiccating  agent,  the  benzene  distilled  ofi  on  the  water>bath,  and  the 

*  The  following  is  a  list  of  the  oompoonds  hitherto  prepared  : 

I.  Ethylic  aoetomethacetate  Ac.C'H(CH,)  COOEt 

».      M      acetodimethacetato,  Ac.C(CH^),.tM  )()Et 

3.  „       acdoetliaeetate  Ac.('H(r..H. ).('()( )Kt 

4.  „      acetomethethaceUte  Ac.l'(t"HjHC,Uj.COOEt 

$.     n     aoetodiethaeetote  Ac.C(C,H,),.COO£t 

6.  „  aoetoieopropscetato   Ae.CH(C\H,^).COOIt 

7.  „  aoetoisobutylaoetate   Ac.CH(C\H^P).COOEt 

8.  „  aoetodiiiiobutylacetate   Ac.('(CJI/*,.COOEt 

9.  „  acetoallyl  acetate   Ac.CH(CJI  J.COOEt 

10.  „      acetodiallylaeetate   Ac.('(OJi  .).,.CO()Et 

11.  „      ai-elobenzylacetate   Ac.CHfCH.^.C^HjbCOOEt 

12.  „      acetobenzylmethacetate   Ac.C(CHj)(C.}I.).CUO£t 

13.  „     aoetobenzylethacetate   AcC(C,HJ(t\Hj).COOBl 

14.  .,     acetobnisoylscetate   AcCH(CO.C,HJ.C00Et 

15.  „     acetomalonato   AcCH((X>0£t), 

.  ^  AcCR.OOOEt 

16.  n  acetoaaceinate 

cii...r()()Et 

17.  ^     aoeto-a-propsncdicarboxykte     ...  | 

CH,  CU,.C(X)£t 
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residue  puriBed  by  reotificfttion;  or,  if  it  cannot  be  distilled  uncban^,  exposed 
over  sulphuric  acid  iv  rarno  until  it  feases  to  lose  weight.  A  similar  course  is 
adopted  in  converting  the  mono-derivatives  thus  obtained  into  di-derivatives.  In 
operating  in  this  manner,  however,  there  is  always  a  certain  amount  of  resinous 
bye-prodoet  formed  owing  to  the  partial  deoompoeition  of  the  lodium  derivative 
which  takes  place  during  the  prolonged  heating  necessary  to  effect  the  solution 
of  the  neceiisarj  amount  of  sodium,  and  probably  also  to  the  action  of  the 
nascent  hydrogen.  According  to  Conrad  and  Limpach  (i6t</.,  cxcii.  1 53),  this 
is  not  the  case  if  sodic  ethylate  be  employed  in  place  of  sodium.  They  direct 
tbsl  an  amount  of  sodium  equivalent  to  the  amount  of  aoetoaoetate  to  bt 
employed  be  dissolved  in  10 — 12  times  its  wagbt  of  anhydrous  aleobol,  and  that 
when  cool  this  solution  be  mixed  with  the  acetoacetate,  the  haloid  compoand 
being  then  immediat<}ly  added ;  the  reaction  is  either  moderated  by  cooling,  or 
allowed  to  proceed  unchecked,  or  assisted  by  warming,  according  to  cir<  um- 
stances,  and  is  considered  to  be  complete  when  the  liquid  is  no  longer  alkaline. 
The  greater  part  of  tlM  aleobol  is  tben  distOled  olf  en  the  water-bath,  the 
residue  is  miied  with  water,  and  the  upper  oily  layer  submitted  to  distillation. 

(1828)  Action  of  alkalies  on  ethylir.  ac$toacetate  and  U$  dtrt^t^hw. — 
Ethylic  acetoacetate  wa**  shown  by  its  discoverer  to  be  de(?omposed  Vy  alkalies 
into  acet<me,  alcohol  and  carbonic  acid,  and  Frankland  and  Duppa  observed  that 
the  substituted  derivatives  which  they  obtained  were  decomposed  in  a  manner  pre- 
cisely analogous  ;  the  researches  of  Wislioenua  and  his  pupils  have  shown,  bow- 
ever,  that  in  addition  to  this  mode  of  decomposition,  which  may  be  represented 
by  the  following  genersl  equation : 

OO.CH.  CH, 

I  I 

CXY  +  2KOU  =  CO       +  CO(OK),  +  C,H,OH, 

COOC,H,  CHXY 

ethylic  acetoacetate  and  the  compounds  derived  from  it  also  undergo  the  follow- 
ing ohange: 


»               .         ,     .   .  AcCH.COOEt 
18.  Ethylic  acetomethylsuccinate   f 

CH(CH,).OOOBt 
CH^OOOEt 

20.  „     aoetomethylpyrutartrate  Ao,C(CH,).COOBt 

CH,.Cfr,.COOEt 

21.  w     aeetodimethylsaccinate   1  " 

CH(CIIJ.C(X)Et 

32.     „     aoetoethylsnoeinate   ■^^•^(^^^5)-^^^^^ 

CHj.COOEt 

Ac.CU.COUEt 
i3'     »  »»  ! 

Cn(C.^H,).C0OBt 

24.     „     ^-totricarballylat.   AaC(CH..COOEt), 

OOOEt 

In  these  formala  AobOH,.CO;  Et  -C,H,.  Compare  Frankland  and 
Duppa  andOlenther,  loe.  cit. ;  Ann.  Chem.  Pharm.  clxxxvi.,  rIxxzTii.|  obaacviii., 
dc,  oxoii.,  exciii.s  Deut.  oAem,  Get.  Ber,,  z,  1956 ;  zl  1055. 
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CXY.C0.CH,+  2K0H 
I 

COOC,H, 


I 


CHXY 


+  I 
«  COOK 


+  C,H^OH. 


Tboertenttowhiditlieiehfokiikliof  chiDge  take  pboe  dapsnda  oot  only  on 
tha  nature  of  the  oompoand,  Imt  alto  on  the  oonditiona  observed  in  effecting  th* 
decomposition.  If  an  aqaeoua  solution  of  baric  hydrate  be  employed  as  hydrating 
agent,  the  corrospondins^  acetone  or  compound  of  the  form  CH,.CO.CHXY  ia 
almoet  exolusiTely  produced ;  but  if  an  alcoholio  aolation  of  potassic  hydrate 
1m  need,  a  eonaulnrable  amoont  nndergoea  eonveraum  b  aeoordanee  wi^  Hm 
eqnatioo,  and  the  extent  to  which  the  deccropoeition  into  a  bmIbobUi  of 
and  a  molecule  of  the  salt  CHX  Y.COOK  takes  place  ia  gieater  the 
more  oonoentrated  the  alkaline  solution  both  initially  and  at  the  close  of  the 
operation.  This  is  clearly  tihown  by  the  following  resalta  obtained  with  ethylio 
etbaoetate  (Wislioenos,  Ann,  Chem.  PAarm.,  cxc.  257)  : 


Cooecntntioa  ofKOH 

■elation. 

No.  of  molfl. 
KOH  employed 

1 

Perc«nUge  of  ethjlic  salt  eonverUd 

at  bMinning  of 

SMBgai 

1     St  end  of 

to  I  mol. 
ctlijUe  Mlt 

1  Total. 

Bailo  fefdiats* 

98-38 

1-42 

9980 

1*40 

2'24 

88-54 

3-83 

9237 

II'20 

6*40 

470 

91-05 

8*74 

9979 

I  1-76 

379 

3-02 

98-42 

398 

ios'40 

1566 

670 

3*34 

88-38 

1083 

99*21 

i6-8o 

292 

236 

82-61 

1473 

97*34 

16-80 

957 

4.68 

7628 

24-25 

ioo'53 

22*40 

1269 

4.62 

58-80 

41-40 

IOO*90  ' 

24-64 

2-78 

2*26 

80*41 

19*81 

lOO^I 

24-86 

370 

2-25 

81*82 

14*14 

9S'^9 

The  diffoenoe  in  the  behaviour  of  different  aoetoacetates  under  similar  con- 
ditions will  be  evident  on  inspection  of  the  following  Table,  which  exhibits  the 
results  obtained  by  decomposing  the  ethylic  salts  by  two  different  solutions  of 
potassic  hydrate  employed  in  the  proportion  of  2' 75  moU.  £0U  to  I  moL  of 
thaaalt: 


Ethylie  Miloaoetate .    .  , 
„     aoetomethaoetata  ^ 

at      acetoeth  acetate .  . 
„  acetodimethacetate 
acetoallylaoetate 
acetodiethacetate  . 


Percentage  converte'!  by 
10  37 — io'4  per  cent.  wiatioD 
into 
kstOM^fte. 


Percentag'e  oonTert^d  by  a 
10  54— ao  8  per  ceut.  aoluUoti 
into 

ketone,  fte.  adda. 


It  will  be  observed  that  whereas  ethylie  acetoethatctate  yields  relatively  more 
ketone  and  a  amaller  amount  of  acids  than  the  acetodiethacetate,  ethylie  aoeto- 
dimetihaeelala  yielda  mora  ketone  and  a  amaller  amount  of  aoida  than  tlw 
•eetoraethacetate ;  but  the  two  compounds  ethylio  acetoethaeetate  and  dimtth* 
•prtate^  whitih  have  the  aamt  molecolar  weig^ht*  facniah  very  aimilar  Taliiea, 
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(1829)  Action  of  Nitrous  Acid  on  Ethylic  Acetoacetatb  and 
Homologous  CoicFomnis.— If  «tliylis  Mstoaostote  (x  mol  proportion)  be  dit-i 
solved  in  •  dQiite  solatioB  of  pofcsssb  bydists  (i  mol.  proportion),  and  m 

solution  of  potaiwic  nitrite  (i  mol.  proportioo)  be  then  added,  and  the  liqaid 
rendered  acid  with  dilute  sulphuric  acid,  the  nitrous  acid  thus  set  at 
liberty  reacts  upon  the  acetoacetate,  forming  ethylic  aretotiitrosoaceiaie, 
CH  .CO.CII(NO).COOC,H^.  The  unattacked  acetoacetate  may  be  recovered  by 
isndering  the  sdlntum  sUndine  snd  estrsotingwttik  diher ;  if  the  solntlon  be  then 
seidifisd  and  again  sitrsetsd  with  ether,  the  soetonitraaoMetste  is  disidvcd :  on 
tttMBf  diltiUing  off  the  clher,  and  exposing  the  residue  over  solphario  Sflid  *» 
vacuo,  it  remains  as  an  oil  which  crystallizes  with  difficulty  unless  a  previously 
obtained  crystal  be  added.  If,  after  extracting  the  unattacked  acetixicetat^'.  the 
alkaline  soiution  be  allowed  to  stand  several  days,  the  acetuuitrosoaoetate 
undergoes  decomposilion,  finnning  mirotodimeikjfVMoM  or  ntirofoaMfofM^ 
CH/)O.CH,(NO). 

Ethylic  acetomethaoetate  appears  to  behave  similarly,  but  the  resulting 
nitroso-derivative  at  once  undertroes  further  decomposition,  yielding  (i)  methi/l' 
nitrosoethif  I  ketone,  CHj.CO.CH(NO).CHj,  when  an  excess  of  aqueoua  potasH'c 
hydrate  is  employed  ;  (2)  ethylic  fi-nitrojsoj)ropionate,  CH,.CH(N0).CO0C,Hj, 
whstt  sa  skoliolie  solntioo  of  n  single  md.  proportion  of  potassie  hydrate  is 
nsed;  and  (3)  fi-nitroioprophmie  acid,  C1I,.CH(X0).C00H,  wlien  the  alkaline 
solution  of  ethylic  ^-nitrosopropionate  is  allowed  to  stand.  Ethylacetoeth- 
aoetate  famishes  only  methijlnitrosopropylketune,  CH,.CO.CH(NO).(JH^.CH,. 

Tbflse  niiroeoH^ompounds  are  all  cryst&Uine,  and  exhibit  acid  properties  ; 
nittosoffinieliiyllBetoiie  melts  at  65^  (149°  F.),aad  does  not  ToU«tilize  anobanged 
nnlsiii  s  very  minnte  smonnt  bs  heated ;  methylnitrososthylketone  melts  at 
74°  (i65'**2  F.),aod  boils  without  the  slightest  decomposition  at  185**  (365*  P.)  ; 
methylnitrosopropylketone  melts  at  54*'(i29°  2  F.),and  partinlly  dpcomposea 
on  distillation  (V.  Meyer  j  V.  Meyer  and  Ziiblin,  Deut,  cAem.  Gts,  Ber*,  x. 
2076  ;  xi.  320,  692). 

(1830)  Aunoir  ov  Sodiuic  ov  Ethtlxc  Salts  ov  HoKou»auia  of 
Acme  Acm.  Action  on  §tkjfUe  j%rma<s.<— L5wig  and  Weidmann,  who  first 
studied  the  action  of  sodium  on  this  oomponnd,  obaerved  the  formation  of 
ethylic  alcohol,  sodic  formate,  carbonic  oxide  and  a  nmall  quantity  of  brown 
resinous  product;  Greiner,  who  subsequently  examined  the  reaction  {Zeiis. 
Chem.,  1866,  460),  obtained  hydrogen  and  sodio  ethyliU.e  also.  Wanklyn 
mstntdns,  however  (Cksmiatl  Netoi,  1868,  zviiL,  143),  that  purs  earbonlo 
oxide  is  evolv*  d,  and  he  further  rtates  tliat  a  mixture  of  ethylic  formate  and 
aloobol  does  not  famish  hydrogen  when  acted  on  by  sodium. 

Geuther  has  shown  {Zeits,  Chem.,  t868,  655)  that  ethylic  formate  is  com- 
pletely resolved  into  carbonic  oxide  and  aloobol  by  merely  warming  with  sodic 
etbylate,  the  deoompoeiHon  eommencing  even  at  ordinary  tempendnres ;  it  ia 
therefora  probable  that  when  ethylie  formate  of  ordinary  pnrity  is  trested  with 
sodium,  its  decomposition  is  in  the  main,  if  not  entirely,  the  result  of  theaetion 
of  sodic  ethylate  formed,  in  the  first  instance,  from  traces  of  alcohol  present, 
and  subsequently  from  that  produced  in  the  reaction  which  may  be  auppoied  to 
t^e  place  in  the  manner  indicated  by  the  following  equations : 

H.CO<X',H,  +  C^H^Na  =  H.C(OC,H.),(ONa) ; 
H.C(0€,H.),(ONa)  =  CO  +  C,H,.ONa  +  C,H,.UH. 

Action  of  Sodium  on  Ethylic  Propionate. — By  treating  this  oomponnd 
with  sodium  and  decomposing  the  resulting  sodium  compound  with  acetic  acid, 

as  in  the  preparation  of  ethylic  acetoacetate,  Hellon  and  Oppenheim  {Deut. 
eJUm,  Oet.  Ber,,  x.  699)  haTS  obtsinsd  0tkylic  propiopropiomaU,  C JIj^O  ,  an 
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A  oolourless,  pleasant-smelling  liquid,  boiling  at  about  200^  (392°  F.).  Like 
cthjUe  aoBfaiacetote,  tbia  oompoond  disMdvM  MkUam  wiUi  erolotion  of  hjdrogeo, 
but  it  is  not  ook>ured  by  Serno  ebtoride,  nor  does  it  reaot  witb  mei:iniiio  oxide. 
From  the  manner  in  whicli  it  is  furmcd,  it  probably  bas  tbe  eonstitutioa  re|ira* 

tented  by  the  lormnlii  CH  .('H(('H,.CJI,.CO).COOCJT,. 

Action  of  SuUium  on  I£thi/lic  Isovalerate. — The  reaction  in  this  case 
apppars  to  be  of  a  highly  complex  character.  Acconling  to  Greiner  {ZeiU.  Chem,, 
1 866,  461),  tscarcely  any  hydrogen  is  evoWed,  and  on  adding  water  to  tbe  prodnet 
an  oily  liquid  separates,  which  may  be  resolved  by  fractional  distillation  into  por- 
tions boiling  below  ioo*',at  130° — I40°,at  180° — 190°,  at  200° — 2io°,at  about 
230°,  and  at  2  50** — 300°  C.  The  chii'f  product  is  that  boilinf^  at  the  hijjhest  tem- 
p«>rature,  Hud  to  this  the  formula  C,,U„0  is  assigned  ;  next  in  importance  is  that 
boiling  at  200° — 210**,  wbiob  bas  the  formula  Cj,lI^U,.  The  portion  boiling  at 
2^0**  when  kept  erystaUiMs  in  long  needlee,  melting  at  65^  and  perbape  ban  tbe 
com^wsition  CjJI„Oj.  The  portion  of  lowest-boiling  point  is  a  mistore  of 
alcohol  with  a  small  amount  of  ethylic  isovalerate,  that  boiling;  at  130^ — 140** 
being  the  almost  pure  isovalerate;  the  repults  obtained  on  analyzing  the  jxjrtion 
boiling  at  180^ — 190^  are  expreti.<ed  by  the  ibrmula  (C^U„),0.  In  addition  to 
tbeee  ptodaets,  twootban  are  obtdined  firom  tbe  aqneous  aolatum  by  acidifying 
witb  aoetio  add,  wbeo  an  <n1  separates  wbieb  soon  beeomes  parUally  aoUd,  and 
by  crystallizing  this  product  from  warm  alcohol,  a  compound  of  the  formula 
C,JIj,j()j  is  obtained  in  large  rhombic  plates,  melting  at  about  1 27°,  and  distilling 
tini  hanged  at  295^  I'.  This  body  manifests  very  leeble  acid  properties.  The 
alcoholic  mother-liquor  furnishes  a  relatively  much  smaller  quantity  of  a  very 
▼isoid  nncrystalliiable  compoiind  of  tbe  fimnnla  t\,H„0,,  wbieb  appears  to  be 
tbe  bomotogoa  of  etbylie  aeetoaoetate ;  it  poesesses  marked  acid  propertiea. 

None  of  tbeee  wioas  products  appear  to  have  been  investigated,  and  ereo 
the  composition  of  some  of  them  is  donhtiu!.  as  the  method  employed  in  effeet- 
ing  their  purification  can  scarcely  be  ref^arded  as  efficient.  There  can  be  no 
question,  howe?er,  that  the  reaction  is  far  le^s  simple  than  in  the  case  of  ethylic 
acetate. 

(1831)  Dkhydkacetic  Acid  :  CgH^O^.— This  add  was  originally  obtained 
by  Geuther  by  heating  ethylic  acetosodacetate  in  a  current  of  carbonic  anhydride 
or  hydrocliloric  acid  gas  {Zelt,s.  Chrm.,  1 866,  8).  but  only  a  very  small  quantitv 
is  produced  in  this  manner.  It  is  obtained  as  a  bye-product  in  the  preparation 
of  ethylic  aeetoaoetate  (1824),  which  is  in  great  part  eoavertod  into  etbyUc 
acetate  and  debydraoetio  add  by  boating  for  tbree  boors  in  sealed  tnbea  at 
230* — %$o°  (446** — 482**  F.)  (Conrad.  Dcul.  dkem,  Cfet.  Ber.,  vii.  688). 
Aeeording  to  Opj)euheini  and  Precht  {if/id.,  ix.  323,  1099),  ethylic  aceto- 
acetiite  furnishes  nearly  25  per  cent,  of  its  weight  of  dehydracotic  acid  when 
passed  through  an  iron  tube  heated  to  a  temperature  just  below  dull  redness,  a 
eonaiderable  aroomit  of  aeetone  being  also  prodneed. 

DebydraoeUc  add  erystallises  Arom  a  bot,  aqoeona  solution  in  rhombic  plat«^ 
or  needles,  melting  at  lo8"*5  (227°*3  F.) ;  it  boils  at  about  269"  (5i6''*2  F.), 
but  partially  decomposes.  It  is  diffieultly  soluble  in  eokl,  but  readily  in  hot 
water  ;  the  solution  has  an  acid  reaction,  and  is  coloured  yellow  to  orango-red 
by  ferric  chloride  according  to  the  concentration.  Dehydracctic  acid  is  mono* 
baste,  furnishing  a  number  of  erystalline  salts  of  tbe  formula  C,1f^M()  •  its 
methylic  salt  crystallizes  in  four-sided  prisms  melting  at  97**  (i95''*8  F.),  tbe 
ethylic  salt  melting  at  c)i°  0  (196**  8  F.).  According  to  Opponheim  and  Precht, 
it  is  scarcely  alTecled  by  the  stron^^est  hydrochloric,  nitric  or  sulphuric  acid,  but  is 
very  readily  decomposed  by  alkalies,  yielding  acetic  and  carbonic  acids  and  acetone. 
On  trmtment  with  pbosphorio  pentschloride,  it  yields  a  crystalline  chloride  of  the 
formula  C^H^o^CU  and  is  tbna  sbown  to  contain  the  HO  group  twice.  Ciystalline 
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moDodhkiro-  and  monobromo-derivatifeB  are  obtained  in  aroall  quantity  by  the 
actum  of  bromine  on  the  amd.  It  appears  to  lose  cxjgm  when  aobmitted  to 
the  aotioa  of  ua^uent  hydrogen.  On  cva{X)rating  iU  solution  in  aqneona  ammonia, 
it  is  converted  into  the  amide  C^II.i >^.X}T2.  aivl  the  oorresponding  anilide, 
C,II,Oj.NH.CgHj  is  produced  on  heating  it  with  aniline. 

(1832)     EtHYLIC  BTHOXYACETOETHOXYACJiTATE:    C,JI,g(),. — Thiscom- 

ponnd  ia  formed  on  treating  ethylic  ethoiyacetate,  Cli,(OC,Hj.COCX;,lI,. 
wHfa  aodinm,  Ao.,  and  bears  to  it  preeiaely  the  same  rehtion  that  ethylie  aceto- 

acetato  bearsj  to  ethylic  acetate.  It  boils  at  about  345^  (473°  F.).  It  yields 
a  violet  coloration  with  ferric  cliloride  ;  dissolves  sodium  ;  and  is  decompossed  by 
acids  with  evolntion  of  carbonic  anhydridf,  and  by  alkalies  with  formation  of 
alcohol  and  the  corresponding  ethox^acetate  (Geuther  ;  Coundfibid.,  xii.  58). 

(1S33)  a-AcxTOPBOFXOXio  AciD  j  ZovuUnie  Adds  C,H,0,3 
CU^CO.CH,.CH,.COOH. — By  decomposing  ethylic  acetosneeinate,  prepared  by 
the  action  of  ethylic  monochloracetate  on  ethylic  acetosodacetate,  with  a 
concentrated  alcoholic  solution  of  potassic  hydrate,  or  by  hydro<'hloric  acid, 
potastiic  succinate  and  acetate  are  produced  ;  but  if  baric  hydrate  be  empLoyedi 
baric  acetupropionate  and  carbonate  are  formed.    Thus : 

CiL.CO.CH.CO(X\H,  CH^.COOK 

•      I  +  3KOH  =  CILCOOK  +  i  +  2aH.0H. 

CH,.COOC,H,  ^  CHyCOOK 

CByOO.CH.COOC^t 

iH,COOC,B  (CHrC0.CH,.CH,C00)^+2BaC0,+4C,U.OU; 

^e  add  thna  obtained  ia  identical  with  the  so-called  Imrulinio  acid  pro- 
duced by  heatbg  lievaloee  (q.  t.)  with  dilute  sulphurie  acid  (Conrad,  Anm.  Giem. 

PAarm.,  clxxxvtii.  4II7{  Jhui,  chem.  Ges.  Ber.,  xi.  2177). 

(1834)  KiciNOLEic  AcTD:  ^^'iJI^/  V — glyceric  salt,  this  acid  forms 
the  chief  constituent  of  castor  oil — the  oil  expressed  from  the  seeds  of 
Micinu*  communis.  The  acid  itiielf  is  a  colourletis  oil,  which  solidifies  to  a 
granular  mass  when  cooled  a  few  degrees  below  o**  (33**  F.) ;  it  furnishes  • 
number  of  metallic  salts  of  the  form  C„H^O^  whioh  may  be  crystallised 
from  alcohol  or  ether.  Neither  the  add  nor  its  salts  oxidize  on  expoeure  to 
the  air.  Like  oh  ic  acid,  it  may  be  converted  by  the  Jiotion  of  nitrous  acid 
into  a  crystalline  ioomeride  melting  at  50°  (122^  F.).  When  distilled  alone 
ricinoleic  acid  undergoes  decomposition  into  normal  heptaldehyde  (1645) 
and  other  products.  Csntor  oil  is  similarly  dianged,  and  when  distilled 
under  much  reduced  pressure  yields  about  18  per  cent  of  its  weight  of 
this  aldehyde  together  with  about  10  per  cent,  of  an  acid  of  the  acrylio 
series  of  the  formula  ^,,11,^0^  (KrafTt.  Deut.  chem.  Ges.  Her,,  x. 
2034;  Becker,  ibid.  xi.  1412).  Heptaldehyde  is  also  obtained  on  sub- 
jeoting  the  alkali-metal  salts  of  ricinoleic  acid  to  dry  distillation,  but  if 
sodM  ridnoleate  be  distilled  with  sodte  hydrat^  methylhexylcarbinol  and 
methylhexylketone  are  produced  in  varying  relative  proportions  depending 
upon  the  amount  of  hydrate  and  the  temperature  employed ;  the  rcsidne 
contains  sodic  sebate,  Cj^H,^NajO^  (couip.  Neison,  Jour.  Chem.  Sue, 
xzvii.  507*  837)*  l^y  the  action  of  hydriodic  acid,  ricinoleic  acid  is  con- 
verted into  an  iodo-aoid  of  the  finrmula  C^U^IO^ ;  tlus  oomlnnes  inth  two 
stoma  of  Inomine,  and  when  aubmitted  to  the  action  of  nascent  hydrogen 
yields  stearic  acid,  C„H,,0,  (Glaus,  Deut.  chem.  Get,  Ber*,  ix.  1916). 

Two  of  the  atoms  of  oxygen  in  ricinoleic  acid  are  undoubtedly  present 
in  the  form  C'UOH  ;  the  condition  of  the  third  is  not  yet  ascertained,  but 
from  the  behaviour  of  the  acid  on  dry  distillation  being  so  similar  to  that  of 
dieth-/3-hydroxybatyrio  add  (t8l3)  it  would  aeem  not  improbable  that  it 
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iii  present  as  OH.  On  this  Htumption  the  following  appears  to  be  the  most 
^rubable  formula  uf  the  acid  : 

(C.H„)«.CH(OH).CH  ZZ  CILC.H^.COOH. 


}  III.  Acids  of  tbe  C^U^^  (COOU),  or  Succinic  Ssbibs. 

The  adds  of  the  acetic  serien  may  be  regarded  as  formed  from 
the  corresponding  paraffins  containing  the  same  number  of  carbon 
atoms  hj  the  conyersion  by  oxidation  of  the  gronp  CH,  into 
C(OU),,  and  the  removal  of  the  elements  of  a  single  molecule  of 
water  from  this  group ;  in  like  manner^  the  acids  of  the  oialic  or 
succinic  series  may  be  regarded  as  derived  from  the  correspond- 
ing adds  of  the  acetic  series  by  the  repetition  of  these  operations, 
or,  in  other  wordsj  as  formed  from  the  corresponding  paralBiu 
by  the  conversion  of  two  CH^  groups  into  carboxyl. 

(1835)  following  ii  a  list  of  the  acids  at  present 
known : 

CJl.O^  .  Oxalic  acid     .       .       .  COOII.COOH 

t\H,0^  .  Malonicacid   ,       .       .  CH.((XX)H),  .        .        .  .140 
CUQ     ISucciuic-cid  .       .       .  CHj(COOH).CH,(C00H)  .  .180-5 
*  •  *  •iMethylmaJonicacid  .       .  Cll,.CH(COOH),    .       .  .130 

(Fropaoe-a-dioarbozyHo 
acid  .  .  'CH,(COOH).CH^CH/COOH)  .  9S 

1^       Methylauocinio  or  pjiotar> 
'  •  •  *!     Uric  acid  ,       .       .  CH,.CH(C00H).CH,(C00H)   .  112 
Ethjflmalonic  acid    .       .  C,Hj.CH(COOH),    .       .  .112 
^Dimethylnulonic  acid      .  (C1IJ,C(C00H),     .       .  .170 

fTekraiM'a-dioirboiylie  or 
adipicacid         .       .  CH,(COOn).(CIT,),.CH,(CO0H).  148 
.  a-Dimethyl8uccinic  acid   .  ClI^.L'H(COOH).CII(CH,)(COOH)i66 
«  »«  •■|Kthyl8ucd..ic  acid  .       .  C^^.CH(COOU).CH,(COOH)   .  9S 
I  Methy  Iprupaue-a-dicar- 

}    boxyiicadd       .       .  CH  CH(C00H).CH,.CH,(COOH)  76 
OfH„0,.|PrataneHi.dicurboKyUeadd  CH,(00OH).(CHJ,.CH,(COOH)  103 

'rimelioodd  «       ,       .       •  114 

Hexane-a-dicarboxjUo  or 

suberic  acid  .  CH..(COOH).(CH,)^.rH.(C()OH)  140 

TetramethyUuccinio  acid  .  (CUJ,C(CO0H).qCHJ,(c0Oli)  95 
Ueptaiio^4ioarboiy]io  or 

aieUicacid.  .  CH,(0OOH).(CH,),.CH,(COOH).  106 

Oi;taiie-a-dioiurboKylioor  m- 

bacicacid  .  ,  .  Cir„(C(K)lI).(CHJ^CH,(COOH)  127 
Braasylic  acid  .  .  C\H\,(C(X)H),  .  .  .  109 
liocellicacid  .       .       .  C„H^(COOH),       .       .  .132 

(1S36)  MavHODs  OP  FoBMATioN.— The  following  methods 
are  all  of  more  or  less  general  application* 
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1.  By  oxidation  of  paraffins.  No  method  of  directly  con- 
verting paraffins  into  the  corresponding  acids  of  the  succinic 
series  is  known^  but  oxalic  and  succinic  acids  and  other  acids  of 
the  series  are  frequently  produced  on  oxidising  the  higher 
paraffins. 

2.  By  oxidation  of  adds  of  the  acetic  series,  as  in  the  forma- 
tion of  succinic  add  from  hntyiic  add  on  heating  it  with  nitric 
add: 

CH,.CH,.CH,,COOH  +  3(0  +  OHJ  *  C(OH),.CH,.CH,.COOH  3OH,; 
C(OHVCH^CH,.000H  -  000H.GH^CH,.00Ok  +  OH,. 

3.  By  oxidation  of  the  corresponding  glycols  : 
CH^OH).C|^.CH,(OH)  -I-  4(0  +  OH^  »  O0OH.C!.H^C0OH.  -I-  60H^ 

4.  By  converting  dihaloid  derivatives  of  paraffins  into  the 

corresponding  dicyano-derivatives,  aud  treating;  these  latter  with 
water  and  an  alkali  or  miueral  acid : 

CH,Br.CH,.CH,Br  +  2KCN  -  CH,(CN).CH,  CH/CN)  +  aKBrj 

a- Dibromopropane.  «-I)icTanopropaiie. 

CN.CH,.CH,.CH,.CN  +  60H,  »  C(0H),.CH,.CH^CH^C(0H),  +  aNH, ; 

••Dicjaaopropane. 

c(OH),.cH^^aji^xaag.c(OH),  =  cooh.cii^cii  .ch^.cooh  +  20H,. 

Fropaoe-a-dicarboxyUc  add. 

In  a  similar  manner^  they  are  obtained  from  monohaloid 
derivatives  of  acids  of  the  acetic  series,  by  treating  ethereal  salts 
of  these  latter  with  a  metallic  cyanide,  &c.,  thus  : 

CH,a000CA  +  KCN  -  CH.(CN}.C00CA  +  KCl. 
CN.CH^CX)0CA  «  00OH.CH^O0OH  4  NH.  +  C.H.0H. 

Many  dihaloid  derivatiTes  of  paraffins  and  monohaloid  deriva- 
tives of  adds  of  the  acetic  series,  however,  axe  not  available  for 

the  preparation  at  adds  of  the  sucdnic  series  in  this  manner,  as, 
instead  of  exchanging  the  halogen  for  the  group  CN,  they  lose 

the  elements  of  a  molecule  of  haloid  acid. 

5.  By  the  action  of  metallic  silver  on  ethereal  salts  of  mono- 
haloid derivatives  of  acids  of  the  acetic  series ;  e.g.  : 

2CH,I.CH,.C00C,H,  +  aAg  a  aAgI  +  C,H,(COOC,H,)^ 

Ethylic  a-iodopvopiiOiMte.  Suiylio  adip«ta.  . 

6.  By  the  decompositic»i  of  derivatives  of  ethyUc  aoetoacetate 
of  the  form  Ac.CH(C.H2..C00£t).C00£t  (ccmip.  1827,  1828), 
by  means  of  a  concentrated  alcoholic  solution  of  potassic 
hydrate  or  (?)  concentrated  hydrochloric  add  s 
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CH^OO.CHrCOOCJI,  CH,.C(M)K 

!,r,         »  +  3KOH  -  I  „  +  CH,.COOK  +  aCjHyOH. 

CHrCOOG,H,      ^  CH^COOK  ^  *^ 


(1837)  Properties, — The  acids  of  the  succinic  scries  arc  all 
crystalliue  bodies.  In  their  chemical  behaviour  they  iu  many 
respects  resemble  the  acids  of  the  acetic  scries,  but  are  less 
stable,  beiug  either  partially  or  entirely  decomposed  ou  distilla- 
tion :  those  iu  which  the  two  carboxyl  groui)s  are  associated  with 
the  same  carbon  atom  being  resolved  into  carbonic  anhydride  and 
an  acid  of  the  acetic  series : 

CH,.CII(COOH),  «  CI1,.CH,.C00H  CO,; 


whilst  those  in  which  the  two  carboxyl  groups  arc  associated 
with  coniiguoua  carbon  atoms,  furnish  corresponding  anhydrides : 

CH,.COOH  CH,.TO 

I  =         I    '     >0     4.  OH- 

CII,.C(X)H  CH„.C(r  ^ 

Snodnto  acid.  Sooidiuo  aatajrdiidA. 

Those  in  which  the  carboxyli  are  associated  with  non-oonti* 
guons  carbon  atomt  have  been  little  investigated,  but  thejr  do  not 
appear  to  furnish  oorrespondiug  anhydrides,  at  least  in  any 
quantity,  being  apparently,  for  the  most  part,  unchanged  on  dia- 
tillation,  or  undergoing  decomposition  in  other  ways. 

(1838)  Oxalic  Acid:  CjHjO,  =  (COO  1 1), .—This  acid  is 
found  al)undantly  as  a  potassie  salt  in  the  leaves  of  the  wood 
sorrel,  Oxalis  acetosella,  and  in  mauy  other  species  of  o.valis  and 
rumtu: ;  it  also  exists  as  a  sodic  salt  iu  salicornia  and 
sahola^and  as  calcic  oxalate  in  a  great  uumber  of,  if  not  in  all 
jthmts,  the  so-called  '  raphidcs'  being  generally  crystallized 
calcic  oxahite.  It  is  also  of  fre(jueni  occurrence  :ls  calcic  salt 
in  the  animal  kingdom,  being  found  in  the  urine  and  in  urinary 
deposits. 

It  may  be  formed — i,  as  sodic  salt,  l)y  the  direct  union  of  car- 
lioiiic  anhydride  with  metallic  sodium  (Drechsel,  Zeits,  Chem., 
1868,  120),  which  takes  place  at  about  the  boiling  point  of 
mercury  :  2Na+CQg=Cg04Na,;  2,  also  as  sodic  salt,  by  care- 
fully heating  sodic  formate  (Erlenmeyer  and  Giitschow)  : 
2H.COONa=H2  +  C20^Na3 ;  3,  as  ammonic  salt,  together  with 
other  products,  by  the  gradual  decomposition  of  an  aqueous 
solution  of  cyanogen :  CgN,+40Hg=CgO^(NHJg;  the  conversion 
of  cyanogen  into  oxalic  acid  is  readily  comj^tely  effected  by 
digesting  it  with  a  dilute  solutioii  of  a  mineral  add  or  of  an 


Digitized  by  Google 


1838.] 


OXALIC  ACID. 


m 


ftlkali ;  49  by  oxidation  of  a  very  large  nnmber  of  oarbon  com- 
ponndsj  eapedally  oxygenated  bodies^  such  as  glycerol,  tartaric 
add,  avgar^  starch  and  celluloae,  by  means  of  oxidising  agents, 
snich  as  nitric  acid  and  potassic  hydrate.  Oxalic  acid  was 
fonnerly  prepared  on  the  large  scale  by  oxidising  sngsr  or  starch 
with  nitric  add,  bat  it  is  now  almost  entirely  obtained  by  heating 
sawdust  with  a  mixture  of  potassic  and  sodic  hydrate,  which 
is  found  to  answer  as  well  as  potassic  hydrate  alone,  although 
sodic  hydrate  is  said  not  to  furnish  satisfactory  results. 

According  to  Schunck,  Angus  Smith,  and  lioscoe  {Brit.  Assoc.  Report,  1861, 
p.  120),  the  following  method  is  employed  by  Mewrs.  Roberts,  Dale  and  Co.: 
— K  oonoantrtted  aatotioa  of  the  two  hydratas  of  sp.  gr.  1-35  is  prepared 
oontatniiig  two  moleenhr  pm^EMrtioBS  of  sodic  hydrste  to  one  of  poUiric 
hy<l!att\  and  into  this  sawdust  is  introdooed  so  as  to  form  a  stiff  paste. 
The  ptksty  mass  is  placed  in  thick  layers  upon  hented  iron  plates,  and  stirred 
constantly  whilst  the  temperature  is  <;r;idu;illy  rallied.  At  tirst  water  esirapes 
freely  ;  as  the  decomposition  advances  tlie  mass  swells  up  and  discngagei»  an 
influnmable  gas,  oontdning  hydrogen  tnd  mettuaio.  The  temperature  is 
maintained  at  a  point  between  200*^  and  250*'  (392°  and  482^  F.)  for  a 
couple  of  hours,  when  a  dark  brown  mass,  entirely  soluble  in  water,  is  ob- 
tained. The  exact  nature  of  this  mixture  has  not  been  ascertained.  At 
this  stage,  however,  it  couUiins  only  from  one  to  ^bur  per  cent,  of  oxalic  acid 
and  a  trace  of  formic,  but  no  acetic  acid ;  the  application  of  heat  to  the  mass 
if  therefore  continQed  for  three  or  four  hotin  longer,  taking  care  to  avoid 
ehaning:  the  mass  becomes  thoroughlj  diy,  and  finally  contains  from  28  to 
30  per  cent,  ol'  o.\alic  acid.  Hydrogen  api>ear3  to  be  given  off  OOntiDIMHttly 
during  the  process,  which  is  quite  successful  in  closed  ves-sels. 

The  grey  ma»slhus  procured  is  treated  with  water  at  (59'  F.)  which 
dieaolTsa  out  everything  hot  the  eptringly  aolable  aodie  oudate.  The 
moth«sliqaori,  after  the  ■epanti<Hi  of  the  eodic  oxalate,  are  boiled  down  to 
dryness,  and  ignited  to  deatroy  organic  matter;  the  residue  is  tlirn  rendered 
eanstic,  and  after  the  addition  of  a  aoitable  qoaatity  of  aodio  hydrate  used  in 
preparing  a  fresh  charge. 

The  sodic  oxalate  is  decomposed  hy  boiling  with  calcic  hydrate,  calcic 
oxalate  being  formed,  whieh  aeparates  in  the  inedaUe  condition,  whilat  aodio 
hydrate  enters  into  solntion,  and  may  be  used  over  again.  The  cahsio  oxalate 
thus  obtained  is  decomposed  by  meaaa  of  anlphnric  acid,  and  the  liquor, 
decanted  from  the  calcic  sulphate,  furnishes  crystallized  oxalic  acid  on 
evaporation.  Sawdust  treated  by  this  method  yields  about  half  its  weight  of 
oxalic  acid. 

Thorn,  who  appeara  to  have  been  nnacquainted  with  the  method  adopted  on 
the  large  scale,  haa  made  a  number  of  experiments  with  a  view  to  ascertain  the 
moet  favourable  conditions  for  the  conversion  of  woody  fibre  into  oxalic  acid 
{Journ.  pr.  Chem.,  1873  [2],  viii.  182).  He  finds  that  a  considerable  amount 
of  the  acid  (equal  to  about  30  to  50  per  cent,  of  the  weight  of  the  sawdust) 
may  be  obtained  by  the  use  of  sodic  hydrate  alone.  When  potassic  hydrate  is 
empk)yed  alone,  more  ie  formed  (about  85  per  cent.)  than  with  any  mixture  of 
the  two  hydrates  if  the  mass  be  heated  in  a  vessel  of  some  depth  ;  but  if  it  bo 
spread  in  a  moderately  thin  layer  on  an  iron  plate,  no  advantage  is  gained  by 
employing  a  mixture  containing  more  than  40  pts.  KOI  I  to  60  pts.  KaUH. 
Thus  the  ibilowiog  results  were  obtained  on  treating  mixtures  of  50  pts.  pine 
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Mwdust  (ooutaining  15  per  cent,  lijgroscopic  inoiitare)  and  lOO  pts.  alkali  for 
one  to  one  and  a  half  hoiua : 


PMMitioatf 
KOttTvaOH. 

lLrT.li.rUU. 

0  : 

100 

200 — 220 

2 

10  : 

90 

230 

2 

20  . 

.  80 

240 — 250 

4 

30  J 

!  70 

240—250 

3 

40 

!  60 

240 — 250 

6 

60 

I  40 

240 — 250 

6 

80 

20 

245 

4 

I  100 

:  0 

240—250 

6 

VtHMotagvoT 


3314 
58-36 
7476 
7677 

8057 
8008 

8124 

81-23 


Sof^  woods,  sach  as  fir,  pine  and  poplar,  gave  a  larger  amoant  of  acid  than  hard 
wouds,  tiuch  a»  beech  and  oak. 

Oxalic  acid  ciystallizes  in  colourless  transparent  monodinic 
prisms  of  the  composition  C^Hfi^-^  lOHp  very  soluble  in  water 
and  alcohol ;  it  is  highly  poisonous.  It  melts  at  98**  (2o8°'4  F.), 
and  readily  loses  its  water  of  crystallisation  if  maintained  at 
about  this  temperature ;  the  anhydrous  acid  begins  to  sublime 
at  a  somewhat  higher  temperature,  but  is  in  great  part  deoom* 
posed  into  CO^  CO  and  OH^,  a  small  quantity  undergoing  con- 
version into  formic  add  and  carbonic  anhydride  (comp.  p.  822). 
When  heated  with  substances  having  an  aflinify  for  water,  sudi 
as  sulphuric  add,  it  is  readily  resolved  into  carbonic  anhydride, 
carbonic  oxide,  and  water.  It  is  completdy  decomposed  by  the 
chlorides  of  phosphorus ;  thus : 


COOll  COCl 
1  +  PCI.  =  HCl  +  POCl,  +  I 


COOH 


OOOH 


00  4-  CO,  4-  UCL 


Chlorine  and  bromine  have  no  action  on  the  anhydrous  acid, 
but  in  presence  of  water  they  oxidize  it  to  carbonic  acid.  It  is 
only  slowly  attacked  even  by  boiling  nitric  acid,  but  most  other 
oxidisiog  agents  rapidly  convert  it  into  carbonic  acid ;  it  is,  how- 
ever, a  less  powerful  reducing  agent  than  formic  acid,  separating 
the  metal  from  auric,  but  not  from  platinic  chloride. 

Metallic  Oxalate*. — Oxalic  acid  furnishes  acid  salts,  such  as  hydric  potassic 
oialattt  (potassie  binoialats,  salt  of  aovrel),  KHC^O^,  and  h}  drk>  baric  oialmte, 
Ba(HC,0^),  -I-  4OH, ;  a  large  number  of  momud  salts,  such  as  dipotassic  oxalate, 
K.(/jO^,  calcic  oxalate,  CaC,0^,  Sic. ;  numerous  mixed  (HO-called  double)  salts, 
such  as  dipotassic  cupric  oxalate,  KoCu(C,OJj,  and  a  few,  such  as  the 
plumbic  oxalato-uitrate  C^O^(rb^UJ^  The  so-called  quadroxalates  and 
banc  oaEsktos  may  be  fonnnkted  aa  denva^vei  <tf  the  orUio-add  or  aaidl^dr«l 
C(OH)^C(OH)^  aa  which  we  may  regard  oyitdliud  oulio  aoid;  (h«%  the 
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"  basic "  plumbic  oxalate,  PbC.O^.  aPbO  =  Pb,C,0„  may  be  regarded  as  the 
amil  Mlt  of  tbk  Mid»  whils  the  hypMMid  oialato,  C.HEO,.C^,0«.20H,, 
augr  U  lepiMeiited  lij  the  fiwrnola  C(OH),.C(OH)^O.C(OH)g.COOK. 

The  oxalates  oontainiDg  ammonium  and  the  alkali  metals  ere  soluble  in 

water,  but  most  of  the  others  are  only  very  slightly  soluble,  or  are  insoluble  in 
water,  although  readily  dissolved  by  dilute  acids.  The  oxalates  of  the  alkali 
end  alkaline  earth  metals  are  converted  by  ignition  into  carbonates  without  any 
appeeraaoe  of  ohavring,  earboiuc  oacide  hebg  evolved ;  the  oralatee  of  meUb 
which  have  but  a  small  attraction  for  oxygen  lonuah  carbonic  anhydride  and  a 
residue  of  the  metal.  The  decomposition  of  argentic  oxalate  in  this  manner 
takes  place  so  readily  that  it  detonates  when  suddenly  heated*  whilst  mercuric 
oxalate  detonates  violently  on  merely  rubbing  the  dry  salt. 

JEthereal  Oxalate*. — The  normal  salts  are  best  prepared  by  slow  diatillation 
ef  mixtinee  of  the  carbinole  and  dehjdnfeed  osalie  acid,*  the  product  whidb 
always  contains  a  certain  amount  of  the  corresponding  ethereal  formate  being 
purified  by  fractional  distillation;  they  are  also  formed  on  saturating  these 
mixtures  with  hydrochloric  acid  gas,  or  by  distilling  them  with  sulphuric  acid, 
and  by  the  action  of  chlorides,  bromides  and  iodides  of  hydrocarbon  radicles  ou 
nataUie  oxabtes. 

IMMie  ccoMv  C,0/CH,),,  crfetalliaea  in  gUetening  plaiai,  melting  at 
5x^(133^8  F.),and  boils  at  162"  (353°  6  F.);  it  ia  frequently  employed  in 

preparing  pure  methjlic  alcohol.  The  homologous  compounds  are  liquid; 
ethylir  oxalate  boils  at  186°  (366°'8  F.)  ;  propj/Uc  oxalate  (410'^  F.)  ; 

uobult/lic  oxalate  at  225"  (437''  F.) ;  isamylic  oxalate  at  262"  (503*''6  F.). 
SmtMyUo  ogalaie,  0,0^  (CU,.C,UJ,,  ohtabed  1^  the  eelioii  of  benaylie  chloride 
oa  aigentio  (nakte  cfjetalliiee  m  hrilliant  white  acalei^  meltiog  at  do^'S 

These  salts  are  decomposed  by  water,  and  still  more  readily  by  alkalies,  the 
latter  formitig  crystalline  nu  tallic  ethereal  oxalates  :  thus,  on  adding  an  alcoholic 
solution  of  potastiic  hydrate  to  an  alcoholic  solution  of  ethylio  oxalate,  potasnc 
0tkjflic  pgaltUe,  COOK.OOOC^,  is  prodaced.t  The  corresponding  acid 
ethereal  oialatee  formed  on  treating  these  metallic  ethereal  salts  with  acids  are 
estnnely  unataUe,  and  cannot  be  iaolated ;  they  eve  aim  ftodooed  on  heeting 


•  Cahonrs  and  Dcniarcay  have  shown  {Compt.  Rend.,  Ixxxvi.  991)  that  this 
only  holds  good  for  primary  carbinols,  secondary  and  tertiary  carbinols  yielding 
eoneaponding  definee ;  and  even  primaxy  carbinolB  of  motecolar  weight 
are  simiUrly  decompceed. 

+  The  formation  of  these  compounds  is  probably  preceded  by  that  of  a  com* 
pound  of  the  ethereal  oxalate  with  the  metallic  or  ethereal  hydrate,  for  Salomon 
has  observed  {Dcut.  chem.  Ges.  Ber.,  viii.  1509)  that  when  ethy lie  oxalate 
is  treated  with  a  solution  of  potatisic  methylate  in  methylic  alcohol  the  product 
oooMete  of  pokaeaie  methylio  oialate;  it  may  be  eoppoecd  that  the  group 
OOOC^  eombmea  with  the  methylate  fiming  C(0CHJ(0C,HJ(0K),  and 
that  CjHjOK  is  subsequently  split  off.  Aocording  to  "Weddige  {Jour.  pr. 
Chem.  [2]  xii.  434)  a  similar  change,  but  of  the  reverse  order,  takes  place  on 
treating  methylic  oxalate  with  a  solution  of  ammonia  in  ethyiic  alcohol,  whereby 
^kglie  oxamate,  NU,.CO.CO0€,H^,  is  formed.  FrankUn<f  and  Duppa  have  re- 
commended the  nae  of  methylated  spirit  for  the  preparaticn  of  ethyiic  osalate, 
and  make  no  mention  of  the  presence  of  methylic  oxalate  in  the  product 
{Jour.  Chem.  Sor.,  xxii.  29)  ;  as  the  whole  of  the  alcohol  is  not  utilized  it 
would  be  possible  to  explain  the  noQ*forraation  of  the  methylio  salt  in  a  similar 
manner. 
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oxalic  acid  with  carbinols.  By  treating  the  metallic  ethereal  salts  with  the 
chlorides  of  phosphoriut  they  are  converted  into  chlorides  of  the  fiNrm 
aCO.COOC„H,„  +  Ac.,  poUMie  ethylie  oxalate,  for  example,  yiddin;  tb* 
(  hloride  CICO.COOC.H,  when  acted  ujion  by  phosphoric  oxyohlorlde  (Henry, 
Dent.  Chcm.  Ges.  Bet'.,  iv.  598).  Accordiiif^  to  v.  I{ichter  (ibid.,  x.  2228), 
this  chloride  iu  more  road  ily  produced  by  tla' action  ofphosphoric  pentachloride  on 
ethylie  oxalate,  the  corresponding  bromide  being  formed  when  phosphoric  pen- 
tatwomidt  m  employed.  It  ie  a  eolourleae  mobile  liquid,  boiling  witlioiai  deoom* 
poeitioii  at  about  130*  (267^*8  F.)  (Biditer);  water  and  alcohol  atoooe  deeoin- 
pose  it ;  by  the  continued  action  of  phoiphorio  peotachlortde  it  ie  eonTerted 
into  ethylie  trichloracetate  (Richter). 

Ethylie  oxalate  and  its  lioninlo<^ucs  are  decomposed  by  Rodium  and  potassium, 
being  mainly  convt'rtfd  into  the  corresponding  carbonates  with  evolution  of 
earbonie  oxide:  C,0^{CJI^  +  X  CO,(C„}I^  +  ,),  +  tX),  comparatively  smaU 
quautitiea  of  other  produeti  b^g  formeicl.  Geutber  (Zeiti.  CAem.,  1868, 656), 
and  Dittmar  and  Cranston  {Jour.  Chem.  Soc,  1869,  xxii.  441)  have  shown 
that  the  action  of  sodic  cthylate  on  ethylie  oxalate  is  similar  to  that  of  Hodtnni, 
and  suggest  that  even  when  sodium  is  employed,  the  decomposition  is  really  due 
to  the  action  of  the  ethylate.  According  to  the  latter  chemists,  sodic  ethjlate 
gradually  diaaolvee  in  ethylie  oxalate  with  slight  erolution  of  beat,  forming  a 
yellowish  syrup,  which  eometin||es  gelatinizes  on  standing.  If  this  product  be 
gradually  heated,  a  powerful  reaction  is  observed  to  set  in  at  about  So""  (176® 
F.),  large  quantities  of  pure  carbonic  oxide  being  evolved,  and  the  ma.ss  becomes 
darker  and  darker  in  colour,  and  at  last  almost  black.  On  distilling  the 
product  from  an  oil>bath  at  a  temperature  not  exceeding  200**  (392**  ^•)> 
a  distillate  ia  obtained  oontaining  ethylie  carbonate,  undeooropoeed  ethylie 
oxalate,  and  a  email  quantity  of  ethylie  alcohol,  the  last  mentioned 
beitig  always  prefent,  even  when  the  most  wtrefuUy  dehydrated  and  de- 
alcoholated  substances  are  employed.  The  residue  is  black,  and  contains  sodio 
oxalate,  a  small  quantity  of  formate,  and  the  sodic  salts  of  a  complex 
of  organie  adda  not  yet  defined,  but  no  carbonate  if  the  proportion  of  i^y- 
late  need  be  not  greater  than  alwnt  one-eighth  of  the  weight  of  the  oxalate. 
When  the  ethjlate  and  oxalate  are  employed  in  simple  molecular  proportions,  a 
considerable  amount  of  sodic  ethvlic  carbonate  and  ethylie  ether  are  also  formed 
by  the  action  of  the  ethylate  on  the  ethylie  carl »< mate  which  i«  complet'ely 
resolved  into  these  two  compounds  by  heating  with  the  pure  ethylate,  and  also 
inmiahet  them,  together  with  oarbonio  oxide,  when  aulnnitted  to  the  action  of 
aodium.  Dittmar  and  Cranaton  found  that  a  aingle  mol.  inraportion  of  sodic 
ethylate,  acting  on  an  excess  of  ethylie  oxalate,  sufficed  to  decompose  four  mol. 
props,  of  the  oxalate,  producing  three  mol.  props,  of  ethylie  carbonate,  and  three 
ot  carbonic  oxide,  together  with  about  '4  mol.  props,  of  alcohol.  A  single  uooL 
prop,  ol  potassic  ethylate,  however,  was  found  capable  of  decomposing  upwarda  of 
aix  mol.  pvopi.  of  ethylie  oxalate,  and  to  fnmiah  no  leaa  than  i'6  moL  pvopa.  of 
aloohol  to  6*a  mol.  props,  of  ethylie  carbonate.  The  principal  deoompoeition* 
perhapa,  tahee  place  in  tiie  manner  roproeontod  by  the  ibUowing  equation: 

COOC.H,  C(OC,llJ,.ONa 

I  +  NaOC,H,  -  I  =  CU(UC,KJ,  +  CO  +  NaOC,H,. 

GOOC.H.  COOCA 

According  to  Lowig,  if  ethylie  oxalate  be  agitated  with  sodium  amalgam,  n 
product  is  obtained  consi.sting  of  sodic  oxalate  and  at  least  one  other  sodic  salt, 
together  with  a  fermentable  sugar  and  the  ethylie  salt  of  a  triUisic  acid  of  the 
focnrala  cyi,0,,  whioh  he  terma  deaosaliB  of  lacemocarbonio  acid.  BraDsar 
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{Deut.  chem.  Oes.  Ber.,  iii.  974).  however,  has  Tailed  in  obtaining  Um  sugar,  aad 
■tate>  that  deaoxalic  acid  (q.v.)  has  the  formaU  C,H,0,. 

On  tiMtiog  an  alooboUo  solation  of  ethyl  ic  oxalate  with  sodium  unalgam. 
Mitt  of  gljeoUe  ud  tartario  and  aie  pcoduood  (Debut). 

(i8^g)  Meth.wedicarboxylic  or  Malonic  Acid:  €311^0^= 
CH2(COOII),. — This  acid  was  originally  obtained  by  Dessaigues 
bv  oxidation  of  malic  acid.  It  may  be  formed,  i.  from  cvan- 
acetic  acid  (176H) ;  2.  by  licatiiijj:  so-called  barbituric  acid,  a  uric 
acid  derivative,  with  a  .solution  of  potassic  hydrate ;  and  l)y 
boiling  ethylic  a-chloracrylatc,  CilClZzCII.COOC,!!,,  with  a 
solution  of  baric  hydrate  (Pinner,  Deut.  chem.  Ges.  Ber.,  viii.  963). 

Malonic  acid  erystnllizcs  in  large  flat  tricliaic  prisms,  easily 
soluble  in  water  and  alcohol ;  it  melts  at  140^  (^^4^ 
when  1  eated  at  about  [50°  (304°  F.)  decomposes  into  acetic  add 
and  carbonic  anhydride.  . 

MahnaUt, — ^Both  the  acid  and  normal  taltt  of  malonio  aeid,  excepting 
ihoee  containing  alkali  metals,  era  tparingly  soluble  in  water ;  the  harie  talt» 

CgH/^,Ba  +  20H^,  is  one  of  the  most  characteristic,  crystallizinjj  in  aj^j^egntes 
of  small  thick  prisms:  it  loses  one  of  its  niols.  of  water  at  100"'  (212°  F.),  but 
the  second  is  not  expelled  beluw  150  (302'  F.)  (comp.  Finkelsteia,  ^  a».  Chem. 
J*har.,  cixxi.i.  338). 

(1840)  Ethanbdicabboztlic  Acids  :  Cfifi^^C^E^  (COOH),. 
—Only  two  dicarboxylic  acids  can  be  derived  ftom  ethane,  and 
both  are  known — ^ris.,  sncdnic  and  isosuccinic  acid. 

(184 1)  Succinic  or  Ethanb-o-dicabboxtlic  Acio, 
C00H.CH9.CH,.C00H,  has  been  long  known  as  a  product  of 
the  distillation  of  amber  (mtccmum),  being  mentioned  by  Agricola 
under  the  name  of  ^*  volatile  salt  of  amber''  as  early  as  1657. 
It  appears  to  be  very  widely  distributed,  having  been  found  not 
only  in  ani])(  r,  but  also  in  certain  lignites,  in  turpentine,  in  the 
juice  of  niiripe  grapes  (Brunner  and  Brandenburg,  Z)ew/.  cAe»i.Ge«. 
Ber.,  ix.  9S2)  and  of  the  i)lants  Artemisia  absintltium,  Chelidonium 
majus  and  Lactnra  virona  ;  also  in  the  animal  organism,  as  in 
the  thy  moid  gland  of  the  calf,  the  s})leen  of  the  ox  (Gorup- 
Besancz),  in  certain  patholojrical e.\udations(IIeintz),  and  inhuman 
urine  after  eating  asparagus  [llWircr, Ann.  Chem.  Pharm.jC\yixi.2oH), 

Succinic  acid  may  be  obtained  by  the  following  reactions, 
among  others: 

# 

I.  By  heating  a-^icyanethane  (ethylenic  cyanide,  1220),  obtained  by 
digesting  a-dibromethane  or  ethylenic  bromide  with  an  alcoholic  solution  of 
putassic  cyanide,  with  water  and  an  alkali  or  mineral  acid  (Maxwell  Simpson, 
B.  Sor.  Pr.,  X.  574;  Phil.  Trans.,  1861,  61  ;  (comp.  Jungfleisch,  Bull.  Soc. 
Chim.  [2],  xix.  197  ;  Nevole  uid  Tcherniak,  ibid.  [2],  XXX.  I  o  I ).  £rlenineyer 
and  Simpeon  have  ahown  (^iiuk  Okem,  Fkarm,,  cslv.  365, 373)  that  iMicfaJofw 
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«thane  or  ethjlideuio  chloride,  CH^.CHCI,,  also  yields  suocinlo  acid  when 
hcftted  with  potiMic  ojaaide*  Ste, :  ^•diehl<HrraMlM  it,  however,  onlj  Mted  upon. 
by  the  cyanide  at  a  tempenftvfe  above  150°  (302*^  F.),  and  u  probably  oon- 
▼erted  into  monochlorethylene,  and  this,  perhaps,  unites  with  hydrocyanic  acid, 
forming  a-cyanochlorethaiie,  CHgCLCUg.CN,  wliioh  is  sabeeqaeotlj  conTerted 
into  a-dicyanetiiane. 

2.  By  heating  a*iodopropionic  acid  with  aa  aqaeous  solation  of  potassio 
ejwide,  and  digestinip  the  produet  with  •  toliitioii  of  pofeaaaie  hjdiate  (r. 
Biehter,  Z&iU.  Chem  ,  1868. 449). 

3.  By  oxidation  of  hi^'her  terms  of  the  paraffin  series,  of  butyric  acid  and 
many  of  it*  homologucs,  and  of  many  other  carbon  compounds.  According  to 
Erleumeyer,  Sigel  and  {Ann,  Chem.  PUarm.,  dxxx.  207),  butyric  acid  is 
eonvcrted  into  saodnic  and  carhonie  add  wd  water  hj  onidatioii  witih  nilrie  add, 
the  earbonie  add  being  probablj  the  prodnet  of  the  forther  osidatioB  of  the 
•nednie  acid ;  normal  caproic  acid  jfieUls  succinic  and  acetic  acid.  In  neither 
case  is  oxalic  acid  produwd.  The  amount  of  succinic  acid  obtained  from  batyric 
acid  is  very  small,  but  caproic  acid  furnishes  about  50  per  cout.  of  the  qoantitjf 
which  can  be  furnied  by  itfi  resolution  into  Bucc^nio  and  acetic  acid. 

4.  In  aniaU  quantity  by  heating  bromaoetio  add  with  findy-difidad  aiWerat 
130*  (266**  F.)  (Stetner,  Demi.  eiem.  Qet.  Btr^  viL  184). 

5.  By  heating  ethylio  aoetosaodBato(i827, 1833)  wilJi  a  ooneentnted  ako* 
holio  solution  of  potassic  hydrate. 

6.  By  heating  monhydroxy-  and  dihydroxy-succinic  acid  (malic  and  tartaric 
acid)  with  hydriodic  acid.  It  may  be  conveniently  prepared  by  tbi«  method  by- 
digesting  a  mixture  of  tartane  add  and  a  amall  qoantitj  of  water  with  iodine 
in  a  retcfft,  adding  iroall  pieces  of  phosphorus  from  time  to  time ;  the  hydriodio 
add  aeti  on  the  tartaric  acid,  forming  succinic  acid,  water  and  iodine,  but  the 
iodine  in  no  sooner  liberated  than  it  '\»  reconverted  into  hjdnodie  acidf  whidi 
theu  reduces  a  further  quantity  of  tartaric  acid. 

7.  By  the  combination  of  maldo  and  famario  add  with  naaoent  hydrogen. 

8.  Ae  a  prodnet  of  fermentation.  Sneoinie  add  ia  a  oonitant  prodnet  of  the 
fermentation  of  sugar  by  y east, the  amonnt  obtained  varying  froni  about  *5  to  "j 
per  cent  of  the  weight  of  the  sugar  (Pasteur,  Ann.  Chim.  Phtfs.,  i860  [3], 
Iviii.  323).  It  irt  also  formed  in  the  conversion  of  alcohol  into  acetic  acid  under 
the  inQuence  of  the  Mycoderma  aceii  (Pasteur).  Calcic  malate  furnishes  nearly 
one-third  its  weight  of  anednio  add,  and  the  aeid  may  be  advantageously  pre- 
pared bj  femieoting  the  emde  oddo  maiate  obtained  hj  nentnlinng  the 
eipressed  juice  of  mountain  ash  berries  {Sarbus  AueigMria)  with  calcic  carbonate ; 
naoally  the  product  consists  of  a  mixture  of  calcic  acetate  and  malute,  carbonic 
anhydride  being  evolved,  but  the  formation  of  calcic  lactate  has  often  been 
observed,  and  it  frequently  happens  that  hydn^n  is  evolved,  in  which  case  calcio 
bntjyvate  ia  alao  Ibfmed.  The  eommon  pcaotifle  lato  add  jiaitordioi^ed  dieeBS 
to  initiate  fihnentation,  and  doubtle«i  the  Ibmation  of  theee  mow  pndnete  ia 
in  a  great  measure  to  be  ascribed  to  the  presence  of  a  Tarietj  of  ferments.  Fits, 
in  fact,  has  found  {Deut.  chem.  Qex.  Ber.,  xi.,  1890)  that  if  a  solution  of  calcic 
malate,  to  which  small  quantities  of  the  necessary  mineral  salts  have  been  added, 
be  fermented  by  means  of  a  Bacillus  having  the  form  of  short  thin  rods,  a  mix* 
tnra  ia  obtdned  oondating  of  ealdo  aeetate  and  aneemate  almost  in  the  proper- 
tiona  wqniied  by  the  equation  3C,H.0,  =  20^0,+ C,H^O,  + 2C0,-»- OH,  5 
whereaa,  when  a  short  cylindrical  Bacillus  wax  employed,  he  obtained  a 
mixture  of  calcio  propionate  and  acetate,  53-6  grams  of  malic  acid  giving 
about  iS  grams  propionic  acid,  6  grams  acetic  acid  and  only  '07  gramn 
succinic  acid,  together  with  5  grams  ethylio  deoboL  Aooording  to  the  same 
observer,  erythrol  yielda  aa  amoont  of  bu^jiie  and  nednie  add  on  Atnenlaiion 
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almost  equal  to  that  required  if  two  jnola.  are  converted  nto  a  single  mol. 
of  each  of  these  acids.  Verjr  small  quantities  of  succinic  acid  are  formed 
OB  ftmiMitatioa  of  mianitol  and  dtrio  aeid  (Fits).  Asparagine,  and  maleie, 
fomarie  and  aoonHia  adda  alao  jidd  aaaoiiue  add  on  ftmuntation. 

Succinic  acid  crystallizes  in  rhombic  or  hexagonal  plates 
belonging  to  the  mouoclinic  system,  soluble  in  about  6  pts.  of 
water  at  1 8°  (64'^'4  F.)  (comp.  Bourgoin,  ibid.,  vii.  J87)  j  it  is  less 
soluble  in  alcohol,  and  almost  insolttble  in  ether.  It  melts  at 
i8o^'5  (556°'9  F.)i  but  if  heated  in  an  open  tabe,  or  on  a  flat 
surfaoe,  it  sublimes  considerably  below  this  temperature,  giving 
off  famea  productive  of  violent  coughing  if  inhaled ;  it  boils  at 
about  235^  (455^  being  resolved  into  soeoinic  anhydride  and 
water.  It  is  a  body  of  very  considerable  stability^  being  but 
slowly  and  imperfectly  acted  upon  by  most  oudijdng  agents :  it 
may^  bowever,  be  completely  converted  into  carbonic  add  and 
water  by  prolonged  heating  with  nitric  acid  of  sp.  gr.  1*4  at 
160''— ISC'"  (320''— asd""  F.)  (Erlenmeyer,  Sigel  and  Belli).  It  is 
not  altered  even  hy  heating  with  concentrated  sulphuric  acid ;  but 
phosphoric  anhydride  converts  it  into  succinic  anhydride.  When 
carefully  fused  with  potassic  hydrate,  it  yields  a  mixture  of  pro- 
pionate and  carbonate;  according  to  Sedcamp  {Atul  CAem. 
Phamk  cxzxiii.  253),  a  similar  decomposition  takes  place  on 
exposing  a  solution  of  uranic  succinate  to  sunlight.  On  electro- 
lyzing  a  concentrated  solution  of  sodic  succinate,  hydrogen  is 
evolved  at  the  negative,  aud  a  mixture  of  ethylene  and  carbonic 
anhydride  at  the  positive  pole  (Kekule). 

Succinaiet. — The  metallic  derivatives  of  succinic  acid,  with  the  exception  of 
magnesic  succinate  and  the  ammonic  and  alkali-metal  salts,  which  are  easily 
soluble,  are  sparingly  soluble  in  water.  Calcic  sucdnaie^  which  is  one  of  the 
most  eharacteristic,  is  gradually  depoaited  in  small  needles  of  the  composition 
C^H^O^Ca-f  3OH,  on  nixing  odd  eoneantralad  aolntiona  of  osldo  dilorida 
and  sodic  succinate;  but  if  the  solutions  are  mixed  hot,  a  precipitate  is  imrae* 
diately  formed  of  the  composition  CJT^O  C'a  +  OH Ferric  chloride  added  to  a 
solution  of  a  succinate  at  once  producoH  a  reddish -brown  precipitate  of  a  bauic  siilt. 

Ethereal  salts  of  succinic  acid  are  readily  obt;iined  by  the  ordinary  methods. 
Ethylio  anodnate.  C,H,0,(C,HJ^  ia  an  oily  Uquid  at  iIiobI  917* 

(1849)  Buccimo  Ahbtdbtdb:  C^H^O,. — This  compound  is  formed  on 
distilling  succinic  acid  alooe,  and  dso  on  heating  it  with  phosphoric  pentoxide 
or  pentachloride,  or  with  acetic  chloride,  acetic  anhydride  or  succinic  chloride 
(Anschiitz,  Deut,  chem.  Get.  Btr.,  x.  325,  188 1);  it  is  usually  prepared  by  the 
aid  of  pboaphorio  pantadilorido.  Soodnio  anhydride  nuj  be  dTitaUiaed  ftom 
tnhydroos  alcohol  apparently  without  change ;  boiling  water  reconverts  it  into 
the  acid.  It  melts  at  120**  (248°  F.),  and  boils  at  about  250"*  (482°  F.). 
By  distillation  with  phosphoric  pentachloride  it  is  converted  into  swcinic 
cA^oru^^,  C,H^(C0C1) J.  This  compound  crystallizes  when  cooled  to  o**  (32°  F.), 
and  boils  at  about  190^  (374**  F.);  it  is  readily  decomposed  by  water  and  by 
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alcohol.  By  gradually  mixiriij  succinic  anhydride  with  baric  peroxide  and  a 
little  watfr,  a  solution  is  obtained  having  powerful  oxidizin;^  pro|K?itie*,  and 
which  is  decompoi»ed  on  boiling  with  evolution  ol'  oxygen  and  ibrmatiou  uf  baric 
•uocinate  ^Brodie,  FkiL  Tranu,,  1863,  417). 

(1843)  Thio-dbbitatitbs  or  Succinic  Acid. — Bj  hestiog  phenylie 
SDOoiiute,  C,H^(COOC,HJ,,  prepared  by  the  action  of  succinic  chlcntde  on  phenol, 
with  a  solution  of  potassic  sulphydrate  in  anhydrous  alrohol.  it  is  converted  into 
phenol  and  the  salt  C  H^CCnSK)^.  This  salt  crystallizes  in  white  needles  ;  it 
is  extremely  soluble  in  water,  aud  also  dissolves  readily  in  alcohol  and  ether,  but 
tha  lohitioiM  rapidly  alter  in  oo&tMi  with  air;  it  ii  deoompoaed  by  add*  in  the 
fidbwing  maaiUHr : 

CH^COSK  CH,.COSH  CH,.m 

I  +  2HCI  -  aXa  +1  =  I        >S  +  8H- 

CH,.COSK  CH^COSH  CH^CO'^ 

The  compound  Cfifi^  is  crystalline,  and  very  soluble  in  water,  alcohd  and 
ether ;  it  baa  an  acid  reaction,  and  its  solution  yields  precipitates  witha&iimbcr 

of  metallic  salts  (Weselsky,  thid.,  ii.  518). 

(1844)  Etiiylic  DiACETosucciNATB :  CgH,0,  (0,11^)^. — This  comix)und  is 
formed  by  the  action  of  iodine  on  etiiylic  aoetoaodaoetate  (Hiigheimer,  ilid.,  vii. 
892) : 

CO.CH.  CH..CO.CH.COOCJI, 
CHNa.COOC,H,      ^  CH^OO.CH.CJOOC,H. 

It  crystalhzes  in  rhombic  plates,  very  soluble  in  alcohol,  ether,  and  benzene; 
it  mclte  at  aboat  77^  (170^*6  F.).  undergoing  partial  deoomposition.  When 
boiled  with  dilate  snlphnrio  aetd,  it  yields  etiiylie  alcohol  and  the  ethyUe  salt  of 

carbuvic  acid :  C\H  0/C,H  J,  +  OH,  ^  C  H^OH  +  C,H,0.(C,H J  =  C,H,0.(C^J 
4- ()H.,,  toirether  with  carbuvio  acid,  C  H  O  ,  and  an  acid  derived  from  car> 
buvic  acid  by  the  withdrawal  of  the  ck  ineiits  of  a  molecule  (»f  carbonic  anhy* 
dride  :  C,lI,Oj  —  CO,  =  C,H,Oj,  this  latter  acid  being  identical  with  tlie  uvic  add 
obtained  on  boiling  aoetofonnic  add  with  a  eolation  of  bene  hydrate  (1830 ; 
Harrow,  Jour.  Ckem.  8oe.  IVom.,  1878, 425). 

(1845)  Action  of  Alkali  Metai.s  on  Ethylic  SoocnrATE. — Febliog  in 
1 844  firststiuli^'d  tlie  action  of  alkali  metals  on  etiiylie  sneeinnte,  and  obtained  a  pro- 
duct of  the  empirical  formula  <.\H^()j.  (icuther  subsequently  sutjtrested  that  this 
compound  probably  stood  in  the  same  relation  to  the  parent  substance  as  ethylic 
aoetoacetate  to  ethylic  acetate,  a  prediction  which  Hermann  has  nnce  confinned. 
AooordbgtoHermann  {Inaug.  Dis.,  Tiibingen,  1875;  Deut.  ekem.  Oe*.  JSisr.,  viu. 
1039  ;  X.  107,  646  ;  comp.  Kemsen,  ibid.,  viii.  1408,  ix.  8)  potassium  dissolves  in 
ethylic  succinate  with  evolution  of  hydrogen  and  considerable  development  of 
heat;  when  the  amount  of  metal  added  is  equal  to  from  one-hl'teenth  to  one- 
tenth  of  the  weight  of  the  snocinate,  a  brown-red  rtidcy  mass  is  obtained,  and 
farther  action  heeomes  alnaoat  imposnble.  It  is  not  advisable  to  heat  on  the 
water-bath,  as  this  causes  deoomposition,  bntif  two  or  three  voluraea  of  bensene 
be  added  and  the  mixture  heated  gently,  a  eonsiderable  further  quantity  of 
potassium  can  be  di.ssolved  ;  the  entire  amount  added  should  not,  however,  ex- 
ceed one-sixth  of  the  weight  of  the  succinate.  The  solid  product  is  separated 
•a  ftr  as  poadble  hem  the  liquid  by  filtration  under  rednoed  pressure,  and  is 
then  decomposed  with  highly  dilate  hydrochloric  add ;  a  yellowish  eoheicnt 
mass  of  the  consistency  of  very  soft  batter  is  thas  obtained,  which  may  be 
puriBed  by  pressing:  between  fold.s  of  porou«  paper,  washtn<;  with  cold  alcohol, 
crystallizing  from  boiling  alcohol,  washing  with  water,  and  finally  rccxystallixii^ 
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ftom  ether.  .Sodiana  acta  on  ethjlio  meraiate  lew  Tiolentlj  than  pota88iain«  bat 
Qlttmatel J  fiumiahee  the  aame  oompotind ;  on  expoenre  to  air,  the  immediate 
ptodaet  of  the  reaction  forms  a  pale  ydlow  pulveniltMit  mass,  end  on  this  account 
podium  ia  pre£»able  to  potattiam  notwithatanding  the  alowneae  with  which 

it  acts. 

Ethylic  succinosuccinaie  as,  for  want  of  a  better  uame,  the  product  may  be 
termed,  appeara  to  bear  the  relation  to  etbylic  aoooinate  indicated  by  the  ibUow- 
ing  formida : 

CU,.COOCpij  CH,.CO.CH.C0OC,H, 
CH,.CO0C^,  CH^CO.CH.000CA 

It  crystallizes  with  considerable  facility,  separating  from  its  solution  in  ether 
or  benzene  by  slow  evaporation  in  large  well-formed,  glidteuing,  transparent, 
tricUnie  priama  ;  the  cryatala  are  of  a  very  faint  gpreeniah  eolonr,  except  in  one 
direction,  in  which  they  exhibit  a  pale-blue  colour.  It  is  easily  soluble  in  hot 
benzene,  alcohol,  or  ether,  but  only  slightly  soluble  in  these  liquids  at  the 
ordinary  ti^mperature ;  mere  traces  only  arc  dissolved  by  boiling  water,  but  it  is 
readily  soluble  in  alkalies,  forming  yellow  solutions,  from  whiclv  it  is  reprecipi- 
tated  unchanged  by  auda.  Ita  aolationa  in  nenival  media  exhibit  an  intenae 
pale  bine  flooreaewice,  veiy  aimilar  to  that  of  quinine  adntiona,  hat  thm  are 
two  well-marked  mbima  in  the  spectrum  of  the  emitted  light,  one  near  D, 
the  other  ntnir  F,  whereas  ihvvo  is  only  a  siiit,'!e  niinimnm  between  D  and 
E  iu  tlie  quinine  spectrum.  Ethylic  succinosui  L-inate  melts ut  127°  (26o"6  F.), 
and  is  decomposed  at  a  »ilightly  higher  temperature.  It  dissolves  sodium  and 
potaanium  with  evolution  of  hydrogen,  forming  mebdlie  derivatives,  which  are 
aho  obtained  on  dissolving  it  in  solutiona  of  the  hydroxides  of  these  metala ; 
other  derivatives  may  be  prepared  from  those  by  double  decomposition  witli 
various  metallic  salts  :  thus,  mai^nesic  sulphate  produces  a  deep  yellow-coloured 
precipitate  which  acquires  a  carmine-red  colour  when  freed  from  the  excess  of 
the  precipitant  by  washing  with  hot  water.  The  composition  of  these  metallic 
derivativea  haa  not  yet  been  aatiafactorily  ascertained. 

Ethylie  auocinoeoccinate  ia  readily  de  composed  in  contact  witik  ilkalies,  but 
the  products  vary  according  as  the  solution  is  preserved  from  contact  with  the 
air  or  not.  In  the  former  case,  if  the  unaltered  succinosuccinate  be  precipitated 
alter  about  two  hours  by  saturating  the  solution  with  carbonic  anhydride, 
and  the  filtered  liquid  be  addolated  with  aeetic  acid,  a  crystalline  pieoipitate  ia 
thrown  down  which  appeara  to  be  the  acid  ethylie  aalt  of  sacdnoeuocinic  acid ; 
this  compound  melts  at  gS^  (2o8'''4F.)  with  evolalaon  ti  carbcmb  anhydride, 
being  converted  into  ethylie  sneeinopropionate : 

CH ..CO.CH.COOH  Oil  ro.cH, 

1*1  =  CO.  -I-   I   '  I 

CH..C0.CH.CO0C^,  CH^a).CH.COOC,H, 

On  adding  dilate  sulphuric  acid  to  the  filtrate  from  the  precipitate  caused 
by  acetic  acid,  a  second  precipitate  ia  obtained,  which  probably  consisfa  of  sue- 
dnoeuocinic  add.    The  filtrate, from  thia  predpitate  contains  a  third  product 

not  yet  isolated,  but  on  distilling  the  reaidoe  which  remains  on  evaporation, 
quinol  (hydroquinone)  or  paradihydroxybenzene.  ^  ,;ll^(^>ll),,  is  obtained;  and 
if  a  solution  of  ethylie  succinosuccinate  in  alkali  whicli  has  been  preserved  for  a 
considerable  time  out  of  contact  with  the  air  be  acidulated  with  sulphurio  acid 
and  then  treated  with  a  large  ezcew  of  bromine,  hromo-derivatiTes  of  qoinone 
are  obtdned  m  lai^  quantity, 

9  So 
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If  the  alkaline  solution  of  Buorinosnocinate  be  exposetl  to  the  air,  the  above 
described  decompohition-productB  are  lunncd  tojj^ether  with  others  varying 
according  to  the  length  of  exposure  ;  if  sulphuric  acid  be  added  when  the 
liqoid  Mqniret  •  brown  eo1oiir»  a  precipitate  is  ol>Utiied  fiom  which  boiling 
water  extracts  an  acid,  cry tttallizing  in  brownish-jellow  needles  of  the  compoailioil 
CjH^O,  (COOH),;  this  acid  yields  quinol  on  fusion  with  potassic  hydrate. 

Herrmann  has  also  made  the  important  observution  that  orthohydroxybenzoic 
or  salicylic  acid,  C,H^(Ull  JUH^  in  formed  in  no  inconsiderable  quantity  on 
digesting  ethylic  succinate  with  an  excess  of  sodium  (P  wUhoat  heating)  for  a 
period  of  several  weeks. 

(1846)  IbOSUCCiNic  Acid;  Methylmalonic  or  Etoane-/3- 
DiCARBoxYLic  AciD :  CII3.CII  (COOH),. — Tlus  acid  was  first 
obtained  by  H.  Miillcr  from  ctliylic  /3-chloropropiouate, 
CHj.CHCl.COOCjHg,  by  digesting  with  potassic  cyanide,  &c. 
{Jour.  Cheni.  Soc.  [2]  ii.  109),  but  the  isomerism  of  the  acid 
thus  produced  with  ordinary  succinic  acid  was  lirst  recognised 
by  M'ichelhaus  (^Ann.  Chein.  P harm.,  Sup.  vi.  281)  and  v.  Richter 
(Zeits.  Chern.,  1H6S,  451);  it  has  since  been  studied  by  Byk 
{Jour.  pr.  Chem.  [2]  i.  19),  Schmoegcr,  [ibid.  [2]  xiv.  77),  and 
Krestownikoff  [Deut.  chern,  Ges.  Ber,,  x.  409).  See  also  Zublin 
(t^.  ziL  1112). 

Isosuccinic  add  forms  colourless  prismatic  crjrstals  much 
more  solablc  in  water  than  succinic  acid ;  it  sublimes  even  below 
100°  (2i2°F.)  in  microscopic  plates^  and  melts  at  130°  (266^ 
]^,),  but  it  commences  to  decompose  a  few  degrees  above  100° 
(212°  F.)  and  on  distillation  is  completely  resolved  into  carbonic 
anhydride  and  propionic  acid ;  when  rapidly  heated  on  platinum 
foil^  it  emits  irritating  vapours  like  those  of  succinic  add. 

The  metallic  isosncdnatea  m,  for  the  most  part,  mnch  more 
soluble  than  the  corresponding  succinates,  and  rradily  deoompoae 
vhen  heated;  the  alkaline  isosuccinates  do  not  furnish  a  pre- 
dpitate  with  ferric  salts.  Ethylic  isosucdnate  does  not  decompose 
even  at  a  temperature  of  350^  (662^  F.). 

(1847)  PnorANBDICARBOXTLIC  ACIDS:  C^Hp^^^CjjHg  (COOH)^ 

The  four  dibasic  adds  which  theoretically  can  be  derived  from 
propane  are  all  known  : 

Propane-n-rli.  arboxylic  acid  CT1./C0(  )H).('H,.('H  fCOOH). 

Alelhylsucclnic  or  pyrotarUric  acid  .    .    .    .     CHj.C'II(C'( H)H).CHj(CUOH). 

Diu»etbylinalouic  acid  (Cll,).C(C()01I),. 

Ethyhnalonio  aeid  CH,.OH,.CH(C(K)H)j. 

Propane-a-diearhojciflic  or  gbitaric  acid,  CH.(('001I).rHj  C'Hj(COOII), 
maybe  prepared  from  the  dibromopropane  ClI,Br.CU,.ClI,Br,  by  tlie  ordinary 
method  (LermontoH;  Atm,  Ckem,  Pharm.,  oluxil  341 ;  Bebool,  Amu  Gdm, 
PAy*.[!^].xiv.455)j  by  saturatingaconcentrated  aqueous  solution  of glutanioaoid, 
CA(OU)(COOU),  with  hydriodioadd  (Dittmar,  Markowaikoff,  ibid~)i  sad  bj 
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decomposing  wiih  a  concentrated  alcoholic  solution  of  potassic  hydrate  the  ethylic 
•■It  obtaiiicd  bj  tilt  aolioD  of  ethylio  a-iodopropionate,  CH,I.CH,.CC)OC,H^  on 
cQijKe  aertondtoetate  (WisUoeniia  and  Linpteh,  ibid,  ezdi.  128).  It  n  ez^ 
tremely  solnUe  in  water,  and  onlj  lUglitlj  less  soluble  in  ether,  but  iM?erUielen 

crystallizes  very  readily  in  larp;e  transparent  broad  fonr-sided  prisms,  melting  at 
95° — 98"  (203° — 2o8''-4  F.)  If  rapidly  and  strongly  heated,  it  distils  almoHt 
unchanged  at  290^  (554  ^'*)  *  ^  slowly  distilled,  it  is  partially  resolved 
into  the  anhjdrido  lad  witsr, paniog  over  almoet  entivelj  below  285°  (545**  F.). 
The  anhydride  may  be  obtaloed  bjr  treatmg  the  eilver  udt  of  tihe  acid  with 
an  ethereal  solntion  of  acetic  chloride,  distillation  of  die  add  with  phoephorio 
anhydride  yielding  unsatisfactory  rcsultn;  it  crystallizes  in  small  needles,  melting 
•t  57**  (i34***6  F.).  and  bulls  with  partial  decomposition  at  282° — a85''(539°"6 
—545°  F.)  (Markowuikoli,  JJeut,  chem.  Ges.  JJcr.,  x.  11 03). 

The  nioefc  chaiaeterietie  ealt  of  thia  add  ie  the  aindc  salt,  whieh  ia  leea 
eolaUe  in  hot  than  in  cold  water,  so  that  if  a  cold  solution  of  the  acid  be 
saturated  with  zincic  carbonate  and  then  warmed,  this  salt  is  deposited  as  a 
granular  precipitate,  which  under  the  microscope  is  seen  to  consist  of  rect- 
angular plates  with  re-entering  angles  at  the  opposite  smaller  sides  of  the  quad- 
rangle. 

MeihyUueeimie  or  pyrotartarie  aeid,  GH,.CH(COOH).CH,(COOH),  ia  ob- 
tdned  by  dry  distillation  of  tartaric  acid,  especially  if  the  latter  be  mixed  with 
powdered  pumice,  or  by  heating  it  with  concentrated  hydrochloric  acid  at  180"* 
(356"  F.)  (  Geutber  and  Keimann,  Zeifs.  Chem.,  1869,  318);  by  the  action  of 
heat  on  glyceric  acid  (Moldenhauer)  and  acetoformic  acid ;  firom  /3-dibromopropane 
or  propylenie  ^mide,  CH,.CHBr.CH,Br  (ICiutweU-StiDpBon ;  comp.  Lebedeff, 
Asm,  CSImi.  Fharm,,  dznii.  327) ;  by  the  aetion  of  naeoent  hydrogen  on  dtra-, 
ita-  and  roesaoonio  add,  the  three  isomeric  adda  of  the  formula  CgH/COOHJ ; 
by  heating  allylic  iodide  with  jMitassir  cyanide,  and  decomposing  the 
resulting  dicyanopropane  by  boiling  with  alkali:  apiiarently  the  iodine  is  dis- 
placed by  the  group  CN  and  at  the  same  time  a  molecult?  of  liydrocyanic  acid 
u  added  on:  CH  — CH.CHJ[  +  KCN  +  HCN-CH,.CH(CN).CU/ON) +  KI 
(Clans,  ihid.,  esd.  37) ;  by  uie  aetion  of  a  conoeutrated  alooholie  solution  of 
potassic  hydrate  on  ethyl ic  aoetomethykuccinate  (1827  ;  Kressner,  ibid.^  cxcii. 
135);  ^"'^  lantly  by  fusing  gamboge  with  potaaaio  hydrate  (Hiaaiwets  and 
Barth,  ibid.,  cxxxviii.  68). 

MethyUuccinic  add  crystallizes  in  rhombic  prisms,  melting  at  1 1  a*' 
(233'''6  F.).  If  it  be  rapidly  heated  to  ite  boiling  point  and  diatiUed.  it  ia 
completely  resolved  into  water  and  methylsuccinio  anhydride,  C^H,0,,  a  colour- 
less liquid  boiling  at  245°;  but  if  it  be  heated  for  some  time  at  about  200" 
(392°  F,),  it  is  only  partially  doconiposed  in  this  manner,  a  small  porti(m  being 
resolved  into  carbonic  anhydride  and  butyric  acid  (Claus,  DetU.  chem.  Get. 
^tfr.,  viii.  100).  Methylsucdnic  add  does  not  furnish  propylene  on  electrolysis 
(Bebonl  and  Bonrgoin,  Oompt.  Bend.,  faozir.  1231). 

Dimethylmaloiiic  acid,  (CHJ^C  (COOH),.  prepared  from  dimethylbromacetic 
(broroisohutyric)  acid,  crystallizes  in  four-sided  prisms,  ditficultly  soluble  in 
alcohol,  and  also  less  soluble  in  water  than  the  isomeric  acids.  It  sublimes  at 
about  120°  (248°  F.)  in  white  needles,  and  melts  at  about  170^  (33^°  F.), 
being  reaolved  into  oarbonie  anhydride  and  dimethaodae  aoid.  Thia  add  ia 
remarkaUy  stable  in  presence  of  oxidising  agente,  aearody  being  affected  by 
boiling  with  potassic  dichromate  and  sulplmric  acid  or  by  evaporation  with 
dilute  nitric  acid  (MarkownikotF,  Ann.  Chem.  Pharjn .,  clxxiii.  336). 

Ethylmalonir  acid,  CjH^.CH(CO0H)„,  prepared  by  heating  ethylic 
bromobutyrate  with  an  alcoholic  solntion  of  potassic  cyanide,  crystallizes  in 
rhombic  prisma  melting  at  ixa*  (233°'6  F.) ;  it  deoompoeea  into  bntjiio  add 
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and  carbonic  anhydride  when  lieated  at  abont  160**  (320"  F.)  (^Vi^licenu8  and 
Urech,  ibid.^  cxiv.  93;  Markownikoff,  i/>tt/.,  chxx.  329;  couip.  Conrad, 
Ihut,  ehem.  Get.  Ber.^  xii.  751). 

(1848)  TlCTRANKDlCAKBOXYLTC  AClDg!  CgHif,0,  =  C^H,(COOH)y 

■ — Only  four  of  these  acids  arc  satisfactorily  known^  viz.  : 

Tetrane-a-dicarboxylic  (adipic)  acid    .    .  CH,(C'( »( )II  ).(  H,.CH,.CH/CO( )H). 

>Iethylpropane-a-dicarboxylic acid  .    .    .  ClI,.Clii,a>Ull)*CH3!cH,(C00H). 

a-Dimethjlraooiiiio  aeid   CH^CH(COOH).CH(COdH).CH,. 

Etbjliaocimo  aeid   C^^CH(COOU).CH,(CX)OH). 

Laurent  first  obtained  adipic  acid  by  oxidizing  oleic  acid  with  nitric  add, 
and  it  wm  snbteqnnitly  prepared  in  a  aiinilar  manner  from  variooa  Mj  sub- 
stances, such  as  tallow,  linseed  oil,  wax  and  ftpermaceti,  and  from  the  mixture 
of  solid  acids  of  the  acetif  xeiie?*  produced  by  saponifying  cocoa-nut  oil;  other 
homolosroiis  acids  are  formed  at  the  same  time,  however,  from  which  it  u 
difficult  to  separate.  The  acid  thus  produced  is  shown  to  be  tetmne^a* 
dioarboxylie  aoid  by  the  formation  of  an  identical  anbitanoe  by  the  aotioo  of 
finely  divided  silver  (prepared  by  reducing  the  preeipitated  eUoride  with  pare 
sine)  on  a-iodopropionic  aeid  (Wtslioenas,  Ann,  Ciem,  Pkarm,,  exliz.  220) : 

9  CH,I.CH,.COOH  +  2Ag=  2AgI  +  CH,(COOH).CH,.CH,.  CH,(00OH). 

According  to  Crunj-Hrown,  adipic  acid  is  formed  on  reducing  mucic  acid, 
C,H^(0I1}^(C00U),.  by  heating  it  with  hydriodb  aeid,  and  it  is  also  pro- 
duced by  treating  mooonic  and  hydromnconic  acids  with  sodinm  amalgaaa 
(Limpricht).  It  crystallizes  in  colourless  glistening  plates  or  prisms,  melting  at 
148  (298  '4  F.).  easily  soluble  in  alcohol,  ether,  and  hot  water.  Itsaramonic  salt 
crystallizes  with  great  facility  in  large  rhotubic  plates:  a  solution  of  this  salt 
furnishes  a  crystalline  precipitate  with  calcic  chloride  on  beating;  crystalline pred- 
pitstes  are  also  grednally' formed  on  mixing  it  with  sincic  and  eadmio  sulphate,  and 
it  yields  a  brown-red  preciiiitatc  with  ferric  chloride.  Accordiii.:  to  Kachler  {ibid^ 
elsiv.  79;  clxvi.  320),  an  isoineridoof  adipic  acid  is  formed  ov.  oxi  lizingcamphorone. 

a'jDimethi/huirl iiir  arid  is  obtained  by  decomposing  ethylic  acetodimethyl- 
SUannate  (1826)  with  putassic  hydrate,  &c.  (Hardtrouth,  ibuL^  cxcii.  142).  It 
is  a  crystalline  aoid  melting  at  166°  (33o°-8  F.).  The  same  a«»d  is  prabaUy 
formed  on  tresting  /S-bromopionie  aeid,  CH^CHBr.COOH,  with  findy  divided 
silver  (Wislioenus,  Deut.  chem.  Ges.  Ber.,  ii  720);  and  by  similarly  treating 
/3,-dich1oropropionic  acid  and  reducing  the  resulting  dichk>ro-add  of  the  foimnla 
CJl.Cl  (\  (Ikckurta  and  ( »tto,  ihid,  x.  I  503). 

Mcthi/l^ru^aiH  -a-diru)'boxi/lir  acid,  obtained  by  decomposing  the  ethylic 
salt  formed  from  ethylic  aModopropionate  and  ethylio  aoetowodmethaoetate  vrith 
potassie  hydrate,  melts  at  76**  {168^**8  F.). 

JBikjfUueeinie  aeid  has  been  prepared  by  decomposing  ethylic  i9-aoetoetfayl- 
suecinate  with  pota>«fiic  hydrate.  It  crystallizes  in  fine  prisms,  extremely 
soluble  in  water  and  alcohol,  melting  at  98' (208^*4  F.)  (Huggenberg,  ^na. 
Ckem.  P/iarm.,  cxcu.  146). 

(1849)  Pbvtahbdicabboxtlio  Acids:  CAl^fi^  =  C\II JCOOH),.— Vanons 
chemists  have  stated  that  an  acid  of  theformiuaGyHj,0^,  whieh  has  been  termed 
pimelic  acid,  is  produced  on  oxidizing  a  number  of  fatty  substances,  but  the 
descriptions  given  of  the  products  are  very  discrepant,  and  the  formation  of  such 
au  acid  is  at  present  doubtful  (comp.  Kachler,  ibid.,  c\%\x.  168).  Hlasiwetx 
and  Qrawboirald  haw  found,  however,  that  an  acid  of  this  formula  is  obtsined 
on  fbsing  osmphmrio  aeid  (1687)  with  potassie  hydrate,  and  their  ohsenra- 
tions  have  been  confirmed  and  extended  by  Kachler  {loc.  cit.).  An  apparentij 
idttxtiflsl  SfOid  is  obtained  bj  acting  oa  amyleiue  bfomide  with  •  mixture  ct 
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potassic  cyanide  and  hydrate  (Bauer  and  Schuler,  Dewi.  them.  Ges.  Ber.,  x. 
2031).  The  acid  from  camphoric  acid  usually  crystallizes  in  perfectly  trans- 
parent hard  crystalline  crust'*,  but  may  be  obtained  in  isolated  triclinic  prinms ; 
it  melts  at  114°  (237°'2  P.),  and  is  converted  into  water  and  the  corresponding 
anhydride  on  distillation.  On  adding  calcic  chloride  to  an  aiumoniacal  solution 
of  the  acid  and  heating,  the  calcic  salt  is  precipitated  as  a  sandy  crystalline 
powder;  this  behaviour  is  highly  characteristic.  From  the  manner  in  which  it 
is  decomposed  on  distillation,  it  would  appear  probable  that  thecarboxyl  groups 
in  this  acid  are  associated  with  contiguous  carbon  atoms. 

An  isomeric  acid,  which  probably  is  the  normal  or  pentane-a«dicarboxylic 
acid,  CH,(C(X>H).(CHJ,.CH,(C06h),  is  obtained  by  oxidizing  suberone 
(1850)  with  nitric  acid  (Dale  and  Schorlemmer,  t/bwr.  Chem.  Soc,  xivii.  935), 
and  by  heating  furonic  acid,  C.H^^Oj,  with  hydriodic  acid  (Baeyer,  Deut.  chem. 
Ges.  JBer.,  X.  1358).  It  crystallizes  in  large  transparent  rectangular  mono- 
clinic  plates,  melting  at  103**  (2i7°*4);  its  most  characteristic  salt  is  also  thf 
calcic  salt,  which  separates  on  boiling  its  concentrated  solution  as  a  granular 
tlocculent  precipitate,  which  redissolves  on  standing  if  the  solution  haa  not 
become  too  concentrated. 

Diethi/Imalonir  acid,  (C,  Hj),C(COOH)j.  according  to  Conrad  {ibid.,  xii. 
749),melt^  at  102°  (2  53°  6  ¥.). 

(1850)  Hex^nedicahboxtlic  Acids:  C^ll^^O,  =  C^H,^(COOH)j.— Only 
two  of  these  acids  are  known  with  certainty, — viz.,  suberic  acid,  which  is  probably 
the  normal  or  hexnne-a-dicarboxylic  acid,  and  tetraraethylsuc^inic  acid. 

Snbtfric  acid  was  first  prepared  by  oxidizing  cork  {xuher)  by  prolonged 
boiling  with  nitric  acid,  and  was  subsequently  obtained  as  a  product  of  the 
oxidation  ot  a  number  of  fatty  substances  and  oils;  it  is  best  prepared  from 
cistor  oil  (comp.  Arppe,  Ann.  Chem.  Pharm.,  cxxiv.  86).  Suberic  acid 
crystallizes  in  long  needles  or  six-sided  plates,  sparing  soulble  in  cold  water  and 
ether,  but  easily  in  boiling  water;  it  melts  at  140°  (284°*  F.),  and  sublimes 
between  150^^  and  160°  (302" — 320*^  F.),  with  partial  decomposition,  in  slender 
needles.  It  yields  a  small  quantity  of  hexane  on  distillation  with  excess  of 
baric  hydrate  (Dale,  Jotir.  Chem.  Soc.  xvii.  25 8)  ;  and  on  distillation  with 
calcic  hydrate  it  is  converted  into  suberone,  the  corresponding  ketone  (Dale  and 
Schorlemmer,  »6ic/.,  xxvii.  935;  ibid.,  Irans.  1879,  683):  , 

CII^CUX'U,.COO  C1L.CIL.CH. 
I  '      '       \Ba  =  BaCO.  +    |    *      '  *yO. 

CH,.CH,.CH,.COO^  CH,.CH,.CH/ 

Tctrametht/1  succinic  acu/,  C(CH,),(C001I).C(CH,),.(COOH),,  is  obtained 
u  ethylic  salt  on  heating  ethylic  d i met hylbrom acetate  (bromisobutyrate), 
eBr(Cli,)j.COOC,H„  with  Unely  divided  silver.  The  acid  itself  crystallizes  in 
•mall  aggregates  of  quadratic  plates,  melting  at  95°  (203**  F.) ;  it  is  extremely 
Bulublu  in  alcohol,  ether,  and  hot  water.  Diethylsucciuic  acid  has  been  prepared 
in  a  .similar  manner  from  ethylic  bromobutyvate,  but  not  yet  described  (Hell  and 
Wittekind,  Deut.  chem.  Ges.  Ber.  vii.  319). 

(18^1)  AzELAic  AciD;  Jej)U)<jylic  or  anchoic  acid,  Cj,H,^0^  = 
C,H|^(CUUH)j,  is  formed  with  other  acids  of  the  series  on  oxidation  of 
many  fatty  substances  and  cork,  and  is  the  chief  solid  acid  produced  on  boiling 
castor  oil  with  nitric  acid  (Arppe  ;  comp.  Grote,  Ann.  Chem.  Fharm.,  cxxx.,  207) ; 
it  is  also  formed  on  oxidation  of  stearolic  acid  (comp.  Liuipach.  ibid.,  cxc.  294). 
It  crystallizes  in  large  lustrous  plates  or  liattened  needles,  very  sparingly 
loJuble  in  cold  water,  but  without  diihculty  in  hot  water,  alcohol,  and  ether :  it 
melts  at  106''  (222°'8  F.).  When  distilled  with  baric  hydrate,  it  yields  normal 
heptane  (Dale  and  Schorlemracr,  Jour.  Chem.  Soc.  'Trans.,  1879,  683).  By 
heating  butyrofuronic  acid  with  hydriodic  acid,  an  acid  which  appears  to  be  the 
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normal  piinelic  acid  is  produced;  it  melts  at  1 1 8°  (2448*4  F.)  (Toennies,  Deut. 
ehem.  Gts.  Bcr.,  xii.  1200}. 

(1852)  SEBACicor  Sebic  AciD;  i/^o»i<»u?aci<i,Cj,H^O^  =  C,Un(COOll),, 
is  ftffined  ia  mmII  quantity  by  the  dry  distilkdon  nuniy  fatty  bo&ti  or  bj 
their  oxidation  with  nitrio  add*  bat  in  best  prepMed  byhei^iiig  the  aoap  fonned 
b?  treating  oa»tor  oO  with  an  ex<-eM8  of  aodio  hydrate  (comp.  J^eisou,  Jour. 
Chem.  Soc,  xxvH,  301  ;  Witt,  Deut.  chem.  Ges.  Ber.,  vii.  219).  It  crvRtal- 
li/.es  in  long  leathery  nc'edlt>8  or  tliin  brilliant  laminji?,  soluble  in  i^OO  part« 
of  water  at  10°  (50''  F.),  or  in  50  parta  boiling  water,  and  easily  aolobla  in 
aloohol  and  ether;  it  melta  at  127"  (260**  F.).  When  dietilled  with  barie 
hydrate,  it  yielda  octane,  and,  among  other  prodacts,  oetylio  alcohol,  C,,H„.OH, 
which  itiielf  furnishes  sebacio  acid  on  oxidation  (Schorlemmer,  UndL,  iii.  6l6)* 
The  sebates  have  been  carefully  examined  by  Neison  {loc.  cit.). 

(1853)  BBA88YLIC  Acid,  C„li^(\  =  C.H^X^-'^^^^^X-  "  ^  be 
formed  on  oxidation  of  behenolic  acid  with  nitric  acid;  it  crystallizes  in  noalea 
melting  at  109°  (128**2  F.),  and  only  slightly  aolnble  even  in  boiling  water. 

(1854)  KocELLic  Acid,  Cj^H^O^  ■  C„H^(OOOH),,  an  acid  contained 
in  the  lichens  Roctlla  iinctona  and  Zcrcinora  tortoriMf,  Ofystallizes  in  colourless 
prisms  melting  at  132°  (269'''6  F.) ;  it  ia  aaid  to  jield  an  anhydride  on 
distillation. 

(1855)  Haloid  Derivatives  op  the  Acids  of  the  Succinic 
Series. — Very  few  haloid  derivatives  have  been  prepared  by  the 
direct  action  of  halogens  on  the  acids  of  the  succinic  series; 
most  of  those  which  are  known  have  been  obtained  by  combinmg 
acids  of  the  C|,H,.-,(COOH)gSenes  with  haloid  adds  and  halogens. 

Malonic  Acid  Derivative9.-~^0n  treating  an  aqueous  lolntion  of  malonic 
acid  with  bromine,  chiefly  bromo- derivatives  of  acetic  acid  are  produced,  but  if 
the  nactini;  substincos  are  dihisolved  in  chloroform,  (Hbromomafoiiic  and, 
CBr,(CUim),,  is  obtained;  it  crysUilli  zes  in  needies  melting  at  127°  (20o"  6  h\) 
(Petrieff,  Deut.  ckem,  Oe»,  Ber.,  vii.  400 ;  viii.  730;  xi.  414). 

Sueeinie  Add  2}erivative9,-^A.  monobromo-  ttd  two  iaomerie  ^bromo- 
derivatives  of  this  acid  are  formed  on  healing  it  with  bromine  and  water; 
the  monobromo-acid  being  chiefly  produced  when  a  conBiderable  amount  of 
the  latter  is  present  (Kekulo,  Carius).  Monobromosuccinic  acid  is  more 
ea.si|y  prepared,  however,  by  iicHting  lumaric  acid  with  a  solution  ol'  hydrobromic 
aoid  satoiated  at  o''  (32"  F.);  it  crystallizes  in  hard  glistening  oetahedn,  mehing 

'59**  (31^*3  F.)»  eaatlj  iiolnble  in  water;  It  ia  reoonverted  mto  fomaric 
ncid  by  boiling  with  a  moderately  oonoent rated  solution  of  hydrobcomio  add 
(Fittii,''  and  Dom,  Jnn.  Chem.  Pftarm.,  clxxxviii.  87). 

iJibromnmccinir  arid  may  also  lie  obtaint'd  by  combining  fumaric  acid  with 
bromine,  or  bromomaleic  acid  with  hydrobromic  acid,  and  by  heating  succinic 
ehlonde  with  bromine  and  deeomposing  the  product  with  water  (Peikin  and 
Duppa);  it  crystallizes  in  colonrleas  prisms,  only  sparingly  soluble  ia  cold, 
but  easily  in  hot  water;  it  decomposes  without  fusing  when  heated  above  200* 
{y)2'  V.)  ;  when  boiled  with  water,  it  is  completely  resolved  into  hydrobromic 
acid  and  bromomaleic  acid,  CjllBr(CO(  )H).^  (Fittig  and  Petri,  ibid.,  cxcr,  56). 
Imdiiromotiieeime  acid  is  produced  on  combining  maleic  acid  with  bromine  or 
bromofamario  aoid  with  hydrobromic  add ;  it  forau  large  transparent  cryatals, 
melting  at  160*  (320'  F.),  much  more  soluble  in  water  than  its  isomeride  ; 
when  heated  with  water,  it  yiel.ls  bromofumaric  acid.  Both  bromomaloic  and 
hromofuniaric  acids  conibine  with  bromine  forminir  the  same  tribromoxuccinic 
acid;  this  crystallizes  in  bundltis  of  small  short  prisms,  melting  at  137 
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(278*''6  F.),  extremely  soluble  in  water ;  when  boiled  with  water,  it  is  resolved 
into  hydrobromic  acid,  carbonic  anhydride  and  dibromacrylic  acid  (Fittig  and 
Petri,  loc.  cit.)  :  C,HBr,(COOII)^  =  CO^  +  HBr  4-  C  HHr,.C()<)ir. 

liotuccinic  Acid  DeriwUives. — MonobromUosuccinic  avid  is  very  readilj 
oUaiiMd  oa  heating  iaoaaooiiib  aoid  with  water  at  100"  (aia**  F.);  it  orystallizei 
in  wdl-fi)nned  extramely  deUqnMoent  prisms  (Byk,8bhmoeger,  Jomr,  |W.  CAem. 
[aj  xiT.  80). 

MethifUuccintr  Acid  Derivatives. — A  number  of  these  have  been  obtained  by 
the  addition  of  haloid  acids  and  halogens  to  the  three  isomeric  acids  of  the  formaU 
C^H^(COOH),,  citra-,  ita-  and  mesaconio  acid ;  when  submitted  directly  to  the 
aotion  of  biomint,  nMthylaoeeiiiio  «r  pyratertaiie  aeid  chielly  fumiih«  bodiea 
resulting  from  the  daoompoaition  of  ite  bioiiio-dflri?ativae  (compi  Boargoin,  Ann* 
Chim.  Phys.  [5],  419).  Metaekkn^p^rotarianc  acid,  C,H,C1(C00H)^ 
is  formed  both  from  citraconic  and  meeaoonic  aoid ;  it  crystallizes  in  small 
shining  plates,  melting  at  12()'^  (264°  F.);  when  heated  with  water  it 
yields  meeaoonic  acid.  Itachloropyrutartaric  <tcid,  obtained  by  combining 
ItMooieadd  with  hydioehlorio  acid,  meUs  at  140''— 145°  (284''~293''  F.), 
and  is  converted  mto  itamalie  add  (9.  «.)»  C^,(OU)(GOOH),.  when  boiled  with 
water.  The  corresponding  bromo-acids  crystallize  well,  and  melt  respectively  at 
i48°(298*'-4  F.)  and  137' (ayS^  ^  F.)  (comp.  Fittig  and  Landolt,  Ann.  Chem. 
Pharm.,  clxxxviii.  71).  Citraconic  and  mesaconic  acids  combine  with  bromine 
firming  isomerio  dibromopyrotartaric  acids  which  crystallize  well;  the  dtra- 
aeid  nelti  at  150°  {^02"*  F.),  the  meea-add  at  170*'  (338^  F.),  and  the  former 
ia  twice  a.s  solobie  aa  the  latter  in  water ;  both  are  decomposed  by  boiling  with 
water,  yielding  bromomethacrylic  acid,  carbonic  anhydride  and  water  (comp.  Fittig 
and  Landolt).  A  third  isomeride  is  obtained  from  itaconic  acid,  and  is  distin- 
guished by  its  conversion  into  itatartaric  acid  {q.  v.),  C,H,0,,  by  the  action  of  bases. 

Adipie  Aeid  JkrmUitm^Vaa^'  and  dlbvomadipic  aoida  ham  been  ohtainad 
by  heating  adipie  add  with  bromine,  but  not  prepared  in  the  pare  atate  (Gal  and 
Gay-Lnssac).  By  adding  bromine  to  a  solution  of  hydromuconic  add  in  acetic 
acid,  a  dibromiulipic  acid,  C  HJJfjO^,  is  formed,  which  crystallizes  in  nodular 
groups  of  needled,  meltint?  at  about  180°  (356°  F.)  with  de<'0ni position  ;  and  by 
heating  hydromuconic  acid  with  water  and  bromine,  tri-  and  Ujirabromadipio 
adds  have  been  prodnoed  (Limpricht,  ibid.,  cbnr.  264). 

§  ly.  Amido-  and  Hydroxy- Acids  derived  from  th£ 
Acids  op  the  Succinic  Series. 

So-called  anudomalonic  acid,  asparaginej  and  asparaginic 
and  glutaminic  adds  are  the  only  compounds  at  present  known 
which  may  be  regarded  as  amido-derivatiTea  of  acids  of  the 
succinic  scries ;  it  will  be  noticed  that  in  many  respects  they 
closely  resemble  the  glycines  derived  from  the  acids  of  the 
acetic  series,  and  they  may,  in  fact,  be  regarded  as  their 
carboxylated  derivatives. 

(1856)  Amidomahnic  or  Glt/cinecarboxt/lic  Acid,  C,1I^N0^,  i«  obtained  by 
the  action  of  nascent  hydrogen  or  nitroaomalonio  acid,  a  crystalline  add  obtained 
by  the  action  of  hydnting  agenta  on  nitroaobarbitaric  (i^orie)  add  (Baejer, 
^iM.  Ckem,  Fkarm,,cajx,  291): 

CH(NO).COOH  .  CH(NHJ.<X)0H 
I  -I-  4H  a     I    I  -¥  OH^ 

COOH  CO.O 
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It  crystallizes  from  an  aqaeoas  solution,  ooneMitrated  by  evaporation  im 
vanio,  in  irregular  glistening  prisms  ;  it  decomposes  whrn  heated  either  aloM 
or  iu  aqueous  solution,  yielding  glyriiic  and  carbunie  aiiliydride. 

(1858)  ASPABAGINE  ;  fi'dlaiune-a-Curhu/ia i/iiJc :  C^H^N,0,. —  This 
•olwtaiiM  mi  originallj  disoo?«nd  in  the  juict;  expresMd  fion  Siipara^tu 
shoots,  but  hss  since  been  shewn  to  eust  lesdj-fimned  ki  a  Isige  nnmber  oC 
j^snts  (oomp.  Huscmann,  Die  PJiaiusmutoffe),  It  is  espedsllj  abundant  in 
the  young  shootjj  developed  on  germination  of  le<^iitninous  setnls,  being 
doubtless  a  product  of  the  decomposition  of  the  albuminoid  bodies  so  largely 
stored  up  in  seeds  of  this  order;  thus,  according  to  bchulze  and  Umlauft 
(LandmrUd^  Venueks  Siatumen,  zviit  i),  no  less  than  about  (we-fifth 
of  the  dry  weight  of  yonng  seedlings  of  ^^pkuu  luteus,  10  to  12  centimetres 
in  height,  grown  in  distilled  water  in  the  daik,  eouists  of  aspttagine.  It  has 
been  stated  that  the  amount  ])roduced  on  jn^rmination  varies  according  as  the 
plant  is  grown  in  the  dark  or  exjxjsod  to  light,  but  tliis  does  not  apj)ear  to  be  the 
ease  (comp.  Sachse,  i>»c  Chemie  der  ForhstoJJ'e,  Kohlehydrate  and  JProiein- 
s«&f<aiism).  Anparagine  may  be  directly  separsted  by  crystaUisstion  from  the 
juioe  expressed  from  asparagus  shoots,  young  vetch  plants,  &c.,  its  preparatioo 
being  much  facilitated  by  submitting  the  juice  to  diflusion  previous  to  cmieontm- 
tion.  It  forms  colourless,  hard,  brittle,  four-sided  rhombic  prisms  of  thelbrmula 
C^H,N,0,  -f  OHy  soluble  in  about  1 1  pts.  of  cold  water,  and  4"5  pts.  of  boiling 
water,  but  slmost  insolnbie  in  alcohol.  Asparagine  exhibits  all  the  properties 
of  tike  glydneo  (1771)  combining  with  adds  to  form  salts  snch  as  tbe 
hydrochloride  C^H,N,OjCl,  and  with  metallic  salts  like  argentic  nitrate ;  it 
also  furnishes  metallic  derivatives  with  the  less  positive  metals,  and  prevents  the 
precipitation  of  cupric  hydrate  from  cupric  salts  by  alkalies  (comp.  llofmeister, 
Ann.  Chem.  I^hann.,  dxxxix.  6).  The  solution  of  uspaiagioe  in  water  or 
alkalies  exercises  lavorotatoiy  aelioii  on  polsriied  light,  bat  its  compounds  with 
mineial  adds  are  powerfhlly  dextrorotatory  (comp.  Pasteur,  Ann,  (^km,  Pkya,  [3], 
xxxi.  67) ;  neither  its  absolute  specific  rotatory  power  nor  its  apparent  specific 
rotatory  power  in  solutions  of  different  strengths  has  been  deti  rmined,  however. 
The  addition  of  acetic  acid  destroys  the  rotatory  power  of  asparagiue  (Champion 
and  Peclet,  Cornet.  Mend.^  Ixxxii.  819). 

(1S58)  AsPABAoiinc  or  Abpibtio  Acid:  fi-^tianine-^f^arhoxytte 
acid :  C^H^NO^. — This  add  is  formed  on  boiling  asparagine  with  acids  or 
alkalies,  and  also  by  the  action  of  hydrating  agents  on  albuminoid  substances 
both  of  animal  and  vegetable  origin;  it  is  contained  in  somewhat  considerable 
quautit}'  iu  beet-sugar  molasses.  It  crystallizes  iu  small  rhombic  prisms 
condderably  less  soluble  than  asparagine  in  water ;  it  is  cooTcrted  into  maKc 
or  hydro^ncdnio  add  by  nitrous  add,  and  into  sncdnio  add  by  fermentstioD. 
Aspara^ic  acid  combines  with  mineral  acids  in  the  same  molecular  proportions 
as  asparagine ;  but  it  lurnishes  two  series  of  metallic  derivatives  of  the  forms 
C^H.NO^.M'  and  C^H^NO^M'j.  Its  most  characteristic  metallic  derivative  is  the 
copper  bait  2C^H,(JuN0^  +  9^i^f»  which  may  be  advantageously  used  in 
preparmg  the  pure  add :  this  purpose  a  warm  aqueous  solution  of  the 
impure  acid  is  mixed  with  cupric  acetate  and  allowed  to  cool ;  it  oystallises  In 
pale-blue  aggregates  of  very  fine  needles,  difficultly  soluble  in  hot  water,  but 
moderately  soluble  iu  boiling  dilute  acetic  acid.  This  salt  may  be  dissolved  in 
alkali  without  the  precipitation  of  cupric  hydrate  (llofmeister,  loc.  cit.). 
Asparaginic  acid  reduces  Fuhling's  solution.  The  metallic  derivatives  of 
asparaginic  add  are  IsBvorotatory,  but  its  compounds  with  adds  are  dextroro- 
tatory (Pasteur);  exact  observations  cf  their  absolute  specific  rotatoiy  power  and 
ot  their  apparent  specific  rotatory  power  in  solutions  of  different  strengths  are 
waatiog. 
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An  optically  inactive  modification  of  asparaginic  acid  is  obtained  on  heating  the 
acid  amm4mieMltoffumaric,maleic  or  malic  acid  at  i8o^-— aoo^  (356— 392  F.)> 
and  boning  tiie  ndduo  with  hydroeUorio  acid.  It  doaely  naembla*  the  aeti?a 
acid,  but  Lh  »omewhat  more  soluble  in  water  (Dessaignfla,  Pasteur). 

The  relation  of  asparagine  and  asparaginic  acid  to  each  other  and  to  soooinio 
acid  is  most  probablj  expressed  hj  the  following  formoke : 

CH^OOOH       C1L.(X>(NHJ  CH. 

CH,.COOH         CH.NH.  CH.NH.  CH.NIL 

I  II  II  II 

C1L.C00H  COO  CO.O  CO.O 

Soeatilc  add.  Aspuni-^inic  nck\.       Ai^para^^iiM.  ^Alulllt. 

(1859)  CiLUTAMlNic  AciD;  Tet fuiuijl t/c'niccurhoxylic  AciJ:  CjlI^NO^.— 
This  acid  was  first  obtained  by  Uitthausen  {Jour.pr.  Ckem.,  xcix.  454 ;  cviL  2l8) 
by  boiling  gluten  witii  dilate  ■olpbnrlo  add,  but  it  appears  to  be  a  prodnotof 
the  action  of  hydrating  agents  on  albuminoid  substances  generally,  both  animal 
and  vegetable,  although  the  amount  obtained  from  different  albuminoids  varies 
greatly  (comp.  Kittliaustni  and  Kreusler,  ibid.  [2],  iii.  314).  It  has  also  been 
separated  from  maugold-wurzel  juice  and  the  juice  of  young  pumpkins  which  had 
been  boiled  with  hydrochlorio  acid  (Scbulxe  and  Barbieri,  Jowr,  CS&ea*.  8oe^ 
1877,  u.  324}  Sohnlxe  and  Urich»  iML,  1878.  i.  84);  the  original  juice 
doubtles.s  contains  glataminet  the  unknown  amide  coRoqponding  to  aepacagine^ 

which  will  probably  in  many  canes  be  found  to  accompany  aspriraL'ine. 

(ilutaniinic  acid  crysUillizes  in  lainiiue  and  rhombic  tetrahedra  soluble  in 
100  pts.  of  water  at  16°  (60 '  S  F.);  according  to  Kittbausen,  it  melu  ui  about 
140**  (275**— 284''  F.)  with  partial  deoompoeition,  bat  aococding  to  Hofmeiater  at 
185**  (365°  1*.).  When  elowly  crystaUiaed,  ila  enpcio  aalt  forms  well-defined  deep- 
blue  prisms  of  the  oompoeition  2CjH.CuX0^  +  ^OH^,  soluble  in  boiling  water ; 
but  on  stirring  a  very  concentrated  hot  Jiolution  with  a  glass  rod,  it  is  deposited 
in  minute  pale-blue  prismts  of  t)if  cuniix).sition  C^iLt'iiNO^  +  2UH,,  insoluble 
in  boiling  water.  On  adding  cupric  sulphate  to  an  alkaline  solution  of 
gintaminic  acid,apredpitatefiiraiaaa soon  ae  the  proportion  2CjH^N(),:  CnSO^ia 
exceeded,  whereas  asparagine  and  atiparaginic  acid  do  not  (nrnish  a  precipitate 
until  double  this  proportion  of  cnpric  salt  is  add«d  (Uofineister).  Glutaminio 
acid  even  in  very  dilute  solution  reduces  Fehling's  solution  as  easily  as  glucose, 
but  the  presence  of  leucine  may  interfere  with  the  reaction  although  a  large 
amount  of  this  body  has  no  influence  on  the  rednction  of  the  solution  by  glucose ; 
(Hlaaiweli  and  Habennann,  Aim.  CAem.  Pkarm.,  dxix.  157)  ;  thia 
is  denied  by  Hofineister,  i^/r/.,  olzzziz.  14,  Glutarninic  ucid  forms  highly 
characteristic  well-crystallized  compounds  with  hydrochloric  and  hydrobromic 
acid  (Hlasiwetz  and  llabermann).  It  is  doubtless  optically  active,  ns  a  solution 
in  nitric  ucid  is  powerfully  dextrorotatory,  the  value  deduced  for  the  apparent 
specific  rotatory  power  being  +  34°7«  but  it  haa  not  been  rtated  whether  thia  ia  for 
mean  yellow  light  or  li^t  of  the  lefiaagibill^  of  the  o  Une^  nor  what  par- 
ticular atra^fth  of  adntimi  givea  thia  valoe. 

Htdroxt-acids  dbbivbd  from  Acm  or  thb  Succinic  Sbrim. 

(i860).  The  following  are  known  : 

Hydroxymalonic  (tartronic)  acid   .    .    •    .  CH(()lI)(('0(>H)j 

Dihydroxymalouic  (mesoxalic;  acid     .    .    .  C(OH)  (COUiJ), 

Hydroxymiooinic  (malio)  acid   C,1I,(OII)(COOH), 

Hydioxyiacancotnic  acid   Clf^C(OH)(COOH), 

DihydroiyiQeeinio  (tartwie}  add  ...   .  CX(0U),(C00H). 
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HjdrosypraptoeHhdlearboKyUe  Mid   ,    ,   .  C,H,(OH)(COOH), 

MethylhydrosjiiMdiiM  add   CH,.0(OUXCOOU).CHg.COOH 

Itamalic  arid       ,  ) 

C.tr.n,aiic„,iJ    ........  }  C.H.(OH){COOH). 

Itatartaric  acid  )  _  _  ^^^^^ 

Citmtartarieadd  !  /  CA(OH),((X)OH). 

Apo«orbic  add   C,H,(OH),(000H), 

Dimethyltartario  add   [CH,.C(0H).(C00H)1 

Hydroxyadipic  acid   C\H^(0H).(C00n), 

Dihydroiyadipic  acid   C\H,(OH),(COOH), 

Trihydroxyadipicacid   C\Hj(OH),(C0OH), 

SMeharic  agid  )  ^  „ 

Macic  acid  }  C,H,(OH),(COOH), 

Diah'rebic  acid  C,H,(OH)(COOH), 

Diaterpenjrlic  add  C,H„(OH)(COOH), ' 

(i  86  imTDBOXTMALOincor  Taetbohio  Acid:  C,H,0,  aCH(0H)(C0OH),. 

— Theoretically  this  add  ahould  be  formed  by  oxidation  of  glycerol,  and 
probably  it  may  be  so  produced  (oomp.  Sadtler,  BeuL  chem.  Gci.  Ber..  viii. 
J 436),  but  the  conditions  to  be  observed  have  not  yet  been  established.  It  is 
one  of  the  products  of  the  action  of  Fehling's  copper  solution  on  glucose  (Claus) ; 
aud  ia  also  forned  by  digesting  bromomalonio  add  ^Mbrieff)  mOk  aigentie 
hydrate;  by  the  action  of  naaeeat  Hydrogen  on  meanEalic  acid;  and  by  th« 
decomposition  of  dinitroxyaoccinic  acid  (p.  945),  C,H,(NO.),(COOH)^  It 
was  first  obtained  by  Dessaignes  in  1852  by  the  la.st-mentioned  method  ;  accord- 
ing to  Demole  {ibid.,  x.  1788),  it  is  best  prepared  by  gradually  adding  the 
nitroxy.aci4  to  alcohol  of  ep.gr.  925  in  the  proportion  of  20  grams  of 
the  former  to  60  M,  of  the  latter,  the  akohol  being  heated  in  a  poraelain  diah  on 
the  water  bath :  in  this  manner,  the  deifaruotion  of  the  tartronic  add  by  the 
nitric  acid  whit-h  takes  place  when  an  aqueous  solution  is  heated  is  avoided. 
The  conversion  is  complete  within  about  fifteen  minutes,  when  the  evolutioa 
of  gas  almost  ceases  and  crystallization  commences. 

Tartronie  add  exystalluEse  in  large  colourless  prisms,  indting  at  t$t* 
(303*''87  F.)  (Oemole),  eadly  soluble  in  water;  when  heated  at  a  higher  temp«M> 
lure.  It  is  rcsohed  into  water,  carbooio  anhydride,  and  glycolide  (1793).  It 
furnishes  a  well-crystallized  acid  ammonic  salt,  and  crystalline  precipitates  are 
obtained  on  addin-  baric  or  calcio  chloride,  or  argentic  nitrate,  iu.,  to  a 
noutraliied  solution  of  the  acid. 

(1862)  DlHTDBOXTXA&OHIO  OT  MlSOZAUO  AciD:  C(OH),(OOOH), 

C;,H^O,— This  acid  may  be  obtained  by  heating  aUozan  and  alloianie  add 

wich  alkalies,  &c.,  and  by  oxidation  of  amidomalonio  acid  (1856);  aooord- 
ing  to  Tetrieff,  it  is  formed  on  heating  dibromomalonic  acid  with  baric  hydrate 
solution,  it  crystallizes  in  very  deliciuesoent  prisms,  melting  at  115°  (239°  F.) 
••■ily  aolttUe  in  anhydroiu  alcohol ;  its  aqueous  solution  decomposes  at  70"" — So** 
('5^ — ty^**  niid  must  be  ooneentrated  at  a  temperature  not  exceeding  50* 
(122*^  F.)  when  it  is  desired  to  separate  the  crysUllized  add.  Most  of  its  salts  am 
easily  soluble  and  crystalline,  the  baric,  plumbic  and  argentic  salts  alone  being 
difficultly  soluble;  their  composition  after  drying  at  loo*(2i2T.)  is  represented 
by  the  formula  I^O^M',,  aud  they  cannot  be  deprived  of  the  element*  of  water 
without  undergoing  complete  deoomposition  (Deichsel,  Jahresb.,  1864,  640). 
By  adding  ammonia  to  an  aloohoUe  adiition  of  the  add,  a  crystalline  compound 
or  the  formula  Cfififi^  ia  obtained,  which  nddena  on  exposure  to  the  air. 
This  has  been  generally  regarded  as  an  ammonic  salt  of  the  formula 
CU(C002^HJ^  and  the  existence  of  such  a  compound  has  been  hdd  to  be  a 
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proof  that  nmilie  uid  itaelf  has  the  formuU  CO(0OOH),;  it  ia  not 
impcohaiUo,  hovevflr,  that  it  ia  a  glycine  derivatife  of  the  fbrmida 

(H0)C(H,N).C00NH4 

co.o 

According  to  Petrieff  {Deuf.  rhrm.  Get.  Ber.,  x\.  414),  the  true  amfhonic  salt 
is  obtained  on  neutralizing  a  solution  of  the  acid  with  amnionic  carbonate  and 
affronting  hi  imkmo  ;  it  doea  not  alter  in  the  air.  On  treatment  with  acetic 
ohloride,  ethyUo  maaoukte  yielda  diaeetyl  derivative  whieh  ia  deeompoaad 
by  a  dilute  alcoholic  solution  of  potassic  hydrate,  yielding  the  potussic  aalt  of 
diacetozymalonic  acid  ;  this  acid  melta  at  (a66°  F.),  and  ita  ethjlie 

Mlt  at  145''  (293**  F.)  (PetridJ). 

(1863)  Htdboztbuccivic  or  Mauc  Acid:  C^HgO^s 
COOH.CH,.CH(OH).CX)OH.— This  add,  which  was  disooTered  fagr 
Schede  in  1785,  is  of  veiy  common  occurrence  in  plants,  hoth  in 
the  free  state  and  in  the  form  of  salts,  and  particularly  in  unripe 
fruits,  sack  as  the  apple^  quince,  and  gooseherry ;  it  is  especially 
abundant  in  monntain-ash  beiries  at  the  time  when  they  begin  to 
ripen,  and  in  the  stalks  of  the  garden  rhubarb.  Tobacco  leaves 
are  rich  in  add  calcic  malate. 

To  prepare  the  pure  acid  from  the  juice  of  plants  in  which  it  is  present  in 
COOadanUe  amount,  the  following  method  devised  by  Liebig  may  be  advan- 
tageooaly  employed.  The  exprcaaed  jnioa  after  being  boiled  and  filtered  ia 
nearly  neutralized  with  calcic  hydrate,  the  precipitate  of  calcic  phosphate,  tartrate, 
Ac.,  which  forniH  \n  removed  by  Gltration,  and  the  clear  liquid  boiled  for  several 
hours  in  a  copper  pan  ;  normal  calcic  mahite  is  then  deposited  as  a  but  sli^^htly 
coloured  saudy  powder,  which  should  be  removed  as  it  separates,  the  boiling 
being  diaeontunied  when  it  no  longer  foime.  If  the  joioe  is  neatralixed,  maah 
of  the  ooloiiriiv  matter  u  canned  down  and  a  highly  impure  ealt  ia  obtained. 

The  emde  calcic  malate  thna  produced  is  added  to  a  hot  eolotion  of  i  pt. 
nitric  acid  to  lo  pts.  water  as  long  hs  it  dissolves,  and  is  thus  oonverl»^  into  the 
acid  salt  which  crystallizes  from  the  solution  on  cooling  in  large  transparent 
crystals,  didicultly  soluble  in  cold  water.  This  salt  is  dissolved  in  hot  water, 
precipitated  with  plumbic  aoetete,  the  precipitate  weD  washed,  anspended  in 
water  and  decompoaed  by  hjdric  aolphide. 

Malic  acid  crystallizes  from  a  highly  concentrated  solution  in 

aggregates  of  colourless  prisms;  it  deliquesces  in  moist  air,  and 
is  also  easily  soluble  in  alcohol.  It  melts  at  about  100^  (212°  F.), 
and  may  be  heated  at  1 20°  (248°  F.)  without  loss  of  weight ;  at 
140°  (284°  F.)  it  slowly  loses  the  elements  of  a  molecule  of  water 
and  is  couverted  into  a  mixture  of  maleic  and  fumaric  acids, 
CjH^O^;  this  change  is  more  completely  effected  at  150° 
(302°  F.},  and  if  the  acid  be  heated  at  about  180°  (356°  F.), 
maleic  acid  and  anhydride  distil  over,  a  residue  of  fuuiaric  acid 

ft  ' 

remaining  in  the  retort.  No  gas  is  evolved,  and  no  carbonization 
takes  place  under  these  circumstances,  but  if  it  be  rapidly  heated 
to  above  400°  (39^^  ^^•)  carbonic  oxide  and  anhjrdride  are  evolved 
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and  much  of  the  acid  is  carboiiized.  Wlion  verv  carefully 
oxidized  by  mcaus  of  potassic  dichroniatc,  malic  acid  is  converted 
into  maloiiic  acid  (Dcssaigiics) ;  when  fused  with  potassic  hydrate, 
it  yields  a  mixture  of  acetate  and  oxalate  ;  when  boiled  with  dilute 
sulphui'ic  acid  (b.p.  135°  C),  it  is  resolved  into  etliahkhydc, 
carbonic  oxide  and  carbonic  anhydride  (Weith,  Deut.  chtm.  Ges. 
Ber.,  X.  1744).  It  is  converted  into  succinic  acid  by  heating  with 
a  solution  of  hydriodic  add,  and  also  undergoes  reduction  to  this 
acid  on  fermentation  (comp.  p.  926,  8) ;  it  forms  bromoancciDic  acid 
when  digested  at  100°  (212°  F.)  with  an  equal  volume  of  a  cold 
aatorated  solution  of  hjdrobromic  acid,  but  if  boiled  with  a  larger 
quantity  of  the  add  it  yields  fumarie  add,  which  is  also  formed 
on  boiling  it  with  hydiochloric  add.  On  distillation  with  phos- 
phoric pentachloride,  it  yields  fiunaric  diloiide;,  C^H^CCOCl),. 

lfa/oA».— Tlie  moat  obanuteriatiio  malatet  are  the  aoid  anunooie  aalt,  the 

acid  and  normal  calcic  salta  and  plumbic  malate.  The  acid  ammonic  salt, 
C^IIj(2s^H  JO,,  crystallizes  in  large  rhombic  prisms  soluble  in  about  3  pta.  cold 
water.  A  sohition  of  malic  aoid  does  not  yield  a  precipitate  with  lime  wat^r 
either  in  tlie  cold  or  on  heating,  but  calcic  malate  is  tiirow  u  down  ou  the  addition 
of  alcohol ;  if  the  solution  be  concentrated  in  vacuo  large  lustrous  Umilia  of  a 
hydrated  mh,  C^H/^iO^  +  sOH,,  retdily  solable  in  water,  axe  obtadned,  and  on 
boiling  down  the  solution  of  this  salt,  the  anhydrous  malate  is  deposited  a^  a 
eiyntalline  almost  insoluble  precipitate.  Add  calcic  malate,  (C^lI^Oj.)^'^  +  SOH^,, 
crystallizes  in  glistening  trujisparcnt  rhombic  prisma,  soluble  in  about  50  pta. 
cold  water.  riambic  acetiite  added  to  a  solution  of  the  acid  produces  a 
white  curdy  precipitate  wbieh  after  a  time  bcoomee  ayetalline;  it  ia  characteriitie 
of  this  aait  tbat  when  heated  under  water  it  melts,  bat  it  only  exhibits  this 
property  when  unmixed  with  other  salts.  JHethyllc  malate,  i.\\\p^{^ yi.)^^ 
prepared  by  saturatinjj  an  alcoholic  solution  of  the  acid  with  hydrochloric  acid, 
is  an  oily  liquid  which  decomposes  on  dihlillation  into  water  and  diethylic 
fumarate,  €^11,0^(0^11,),;  on  treatment  witii  acetic  cliioride,  it  is  converted 
into  diethylic  aoetozysnooinafte,  C,H,(C,1{,0,)(C000  HJ,;  and  the  eoneapondiiig 
nitroxy-salt  C,H,(NO,)(COOC,HJ,  ia  ibrmed  on  djaaolving  it  in  a  mixtnie  of 
nitric  and  sulphuric  acids. 

Malic  acid  is  usually  said  to  be  an  optically  active  substance  :  thus  Pastenr 
found  the  value  of  [a]j  for  a  solution  containing  about  one-third  of  its  weight  of 
acid  to  be  ~  5°.  and  Ritthausen  {Jour.  pr.  Ckem.  [2].  v.  3j4)  gives  [a^  as 
->  4*74  for  a  eolation  containing  one-aixth  of  ite  wdght  of  add.  Paateor,  however, 
employed  for  hie  determination  a  sample  of  acid  not  prepared  by  himself,  and  he 
states  that  a  sample  which  he  had  himself  prepared  iVom  mountain-ash  berries 
with  especial  care  was  almost  destitute  of  optical  activity.  According  to  Kitt- 
hausen  {Jour.  pr.  Chem.  [2],  ii.  339),  the  seeds  of  Lupinu^  luieus  contain 
optically  inactive  malic  acid.  The  additton  of  boric  add  increaaea  the  kwrorota- 
tory  power  of  malic  add,  bat  ita  aolation  in  nitric  add  ia  dextrorotatory.  Add 
ammonic  malate  in  a  solution  containing  about  one>foarth  its  weight  haa  the 
apparent  specific  rotatory  power  [alj  —  —  7*'"2.  Normal  calcic  malate  is 
dextrorotatory,  as  is  also  its  solution  in  hydrochhjric  acid ;  ammonic  antiraonyl 
malate  in  a  solution  containing  066  of  its  weight  of  the  salt  has  the  high 
appeient  apedfic  rotatory  power  [a]|  s  -f  ii5°'47  (Paateor,  Ann.  Ck^ 
[3]*  un.  81). 
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Jiomerie  Malic  JcmK*.— By  ralnnitting  optically  ae^e  asparagine  or  aspa- 
nginio  acid  to  the  action  of  nitrous  aeid,  a  prodaot    obtained  whiek  appears 

to  be  identic-al  with  malic  acid  from  natural  soaroeA,  bat  by  similarly  treutino^ 
inactive  artificially  prepared  asparaj^inic  acid,  an  inactive  acid  \a  produced,  which 
is  soinowhat  less  soluble  th.in  natural  malic  acid  and  melts  at  133*  (271  4  IT.j, 
although  it  otherwifte  resembleti  the  natural  acid  in  all  respects  (Pasteur). 

Optically  inactire  malic  acid  u  also  prodnoed  by  digesting  bromosooeiaie 
add  with  ai^ntio  hydrate,  Sec.  (Kekol^) ;  the  propwtisa  of  the  prodaot  have 
not  yet  been  sufiiciently  studied,  however. 

Fumaric  acid,  CJI^(CC)()H)^,  combines  with  the  elements  of  a  molecule  of 
water  when  heated  with  water  alone  at  130^  (302°  F.)  (JungHeisch),  or  with 
a  solution  of  sodie  hydrate  at  lOO**  (212**  F.).  lu  the  latter  case,  an 
optically  inactive  hjdroiyaQccinio  acid  ia  obtained,  which  appears  to  differ  more 
Or  leAS  from  natural  malic  acid  in  all  its  properties,  yielding,  for  example, 
only  fumaric  acid  and  water  when  decomposed  hy  heating  at  180*— 20O*  (356' 
—392**  F.)  (Loydl,  A/iii.  Cliem.  /V/'o-w.,  rxcii.  So). 

By  digesting  tartaric  acid  with  a  solution  of  hydriodic  acid,  it  is  partially 
converted  into  malio  acid  (Dessaignes) ;  aoeor^Bng  to  Bremer  {Dmti,  ehem, 
Qt»»  Btr.,  viiL  I594)>  the  acid  time  prepared  from  dextrotartaric  acid  is 
dextrorotatory,  its  apparent  «p.  rotatory  power  being  Md  =  3**'i5,  that  of  the 
natural   acid  I'rom  mountain-ash    b«>rries  bein<»  ~  -  ^'  ^O-  Racemic 

acid  yields  inactive  malic  acid.  Acid  amnionic  dextroinalate  has  the  apparent 
sp.  rotatory  power  [a]i,  -  6"*3,  that  of  the  corresponding  Uevomalato  being  [oi]^  = 
6*''2.  the  inactive  malb  acid  prepared  from  racemic  acid,  like  this  latter,  b  composed 
of  two  ()i)ti(  ally  active  acids  having  equal  but  opposite  rotatory  powers.  On  dis- 
milvin;^  it  in  water.  tn<^'ther  with  a  Hin^^le  molecular  proportion  of  cinclionine 
and  adding^  a  crysUil  ol  cinrhoiiine  Uevomalate,  Hremer  {ib'nl ,  xiii  351)  observed 
the  separation  of  a  considerable  amount  of  ciuchonine  dextromalate,  the  acid 
ammonic  aalt  from  whieh  bad  the  apparent  sp.  rotatory  power  [a]p  =  6° '3, 
the  add  ammonic  malate  j^wpared  from  the  mother  liqoor  from  these  crystala 
was,  however,  Isevorobatory. 

(1864)  Hvi>noxYisosrrrixrr  or  Tsomaltp  Ann:  ^^H^^^,  —  (?) 
CII^.C(Oll)(C(M)H).. — This  acid  is  prepared  by  carefully  di<;estin]L,'  a  solution 
of  bromisosuccinic  acid  (p.  935)  with  argentic  hydrate,  &a.  When  heated  at 
abonl  160*^  (3^0°  F.),  it  is  naolved  into  carbonic  anhydride  and  lactic  acid, 
CH,.CH(OH).GOOH  (Schmoeger,  JW.  pr.  Vkem,  [3],  xiv.  81). 

(1865)  D1HYDROXY8UCCINIC  or  Tartaric  Acid:  C^HgO^^s 
COOH.CH(OH).CH(OH).COOH.— No  fewer  than  four  distinct 
modifications  of  the  acid  C3Hg(OH)2(COOH)2  are  known: 
two  of  these  differ  merely  in  their  optical  characters^  the  one 
rotating  the  polarized  ray  to  the  right,  the  other  rotating  it  to  a 
precisely  equal  extent  in  the  opposite  direction,  and  are  therefore 
termed  deatro-  and  lavotartarie  acid  respectively;  the  third 
modification^  racemie  or  paratartarie  acid,  although  itself  opti- 
cally inactive  may  be  resolved  into  the  two  active  acids;  the 
fourth  modification,  mesotartaric  acid,  is  not  only  optically 
inactive  but  also  incapable  of  being  resolved  into  the  active  modi- 
fications. We  shall  have  occa>^io^  later  on  to  diacuss  more  fully 
the  constitution  of  these  acids. 

(1866)  Dk.vtrot.vktaric  Acid;  Ordinary  Tartaric  Add. — 
This  acid  is  probably  of  universal  occurrcuce  in  plants^  and  is 
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usually  associated  with  oxalic,  malic  and  citric  acids,  a  circmn- 
stancc  which  indicates  a  close  genetic  relation  between  these  aoidi* 
Dcxtrotartaric  acid  is  produced,  mostly  together  with  raeemic 
acid,  by  oxidation  with  nitric  acid  of  the  carbohydrate  sorbinose 
(1561)  and  generally  of  the  carbohydrates  which  furnish  saccharic 
acid  on  oxidation,  being  doubtless  a  product  of  tlic  oxidation  of 
this  acid.  According  to  Debus  (Jour.  Chem,  Soc,  xxv.  365), 
a  small  amount  of  "  tartaric  acid  "  is  produced  by  the  action  of 
nascent  hydrogen  (sodium  amalgam)  on  an  alcoholic  solution  of 
ethylic  oxalate  :  the  calcic  salt  of  the  acid  so  obtained  agrees  in 
chemical  and  physical  properties  with  calcic  tartrate,  but  it  has 
not  been  ascertained  whether  the  optical  properties  of  the 

product  are  those  of  dcxtrotartaric  acid  (private  communicaiion). 

Dcxtrotartaric  acid  is  largely  used  in  calieo-printinp;,  to  liberate  chlorine 
from  bleaching  powder  in  the  production  of  white  or  discharged  patterns  upon 
a  ooloored  ground.  It  is  always  prepared  from  the  crude  hjdric  potaasic  tartrate 
depotited  duriDg  the  liementafaoo  of  (irnpe  jnioe. 

The  materials  from  which  it  is  made  may  be  classed  as  lees,  argol,  and  tartar, 
lees  being  the  solid  matter  collected  from  the  bottoms  of  the  fermenting  vessels ; 
argol,  the  thin  crystalline  crust  deposited  on  the  sides  of  these  vessels  ;  whilst 
tartar  \a  manuikctured  from  the  two  former  by  a  rough  process  of  extraction 
with  hot  water  and  egrrtsHiirtion  (eomp.  Warington,  Jbur.  Gkm,  8oe^  sarniL 
949).  In  pvepanng  the  add,  s  boiHng  tdntioo  of  the  tartar  ia  tieafted  with 
powdered  chalk,  whereby  insoluble  calcic  tartrate  and  soluble  dipotassic  tartraft* 
are  produced;  the  solution  of  the  hotter  is  soparutcd  from  the  former  by  filtration, 
and  is  then  mixed  with  a  soluble  calcic  salt,  nr  digested  with  calcic  sulphate,  and 
thus  the  whole  of  the  tiirtrate  is  converted  into  calcic  salt ;  the  percipitated 
oaloio  tartrate  thus  obtained,  alter  being  waabed,  ia  treated  with  aaffioient  dilute 
aolphuric  acid  to  displace  the  whole  of  the  calcium,  and  the  reaalting  aolntioii  of 
tartaric  acid  cautioosly  erapcwaied  to  the  crjataUiiing  point 

Dcxtrotartaric  acid  crystallizes  very  readily  ia  large,  well- 
formed,  anhydrous  monoclinic  prisms  (oomp.  p.  944)^  soluble  in 
about  half  their  weight  of  cold  water ;  its  apparent  specific  rotatory 
power  in  aqueous  solution  at  19° — 20**  {66^*2 — yi°'6  F.)  is  ex- 
pressed by  the  formula  [a]]>=i5*o6  0*131  C,  where  C  is  the 
number  of  grams  of  acid  in  100  c.c.  of  soluti  on  as  shown  by  the 
following  table  (Landolti  Deut,  chem.  Get,  Ber.,  vi.  1075) : 


c. 

M,(Anidlsn). 

i3'o5 

7-69 

14*02 

i4*Of 

1405 

3*845 

14-53 

14-49 

1-9225 

14-87 

1473 

14-81 

•9612 

14-92 

14-85 

1493 

•4806 

^503 

14-92 

1500 
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The  apparent  specific  rotatory  power  varies,  liowcvcrj  not  only 
with  the  concentration,  but  also  with  the  temperature,  increasing 
with  rise  of  temperature.  Certain  anomalies  in  its  rotatory  power 
for  rays  of  different  refraugibility  will  be  referred  to  later  on. 

Dextrotartaxic  acid  melts  at  about  170^  {33^°  F.),  and  isaaid 
to  be  thereby  converted  without  loss  of  water  into  the  isomeric 
metatartaric  acid ;  it  is  further  stated  that  by  prolonged  beating 
at  about  180''  (356''  F.)  so-called  ditartaric  acid,  CgU,oOij= 
aCfifi^ — OH,,  iB  produced ;  then  tartrelic  add,  CJdfi^  whidi  is 
a  soluble  substance;  and  ultimately  insoluble  so-called  iariaine 
mhydnde,  isomeric  with  the  last    The  existence  of  metatartaric 
add,  howem,  as  a  distinct  species  is  very  doubtful,  and  it  is 
probable  that  the  difference  observed  in  the  properties  of  the  acid 
after  fhsion  are  due  to  the  presence  of  a  small  quantity  of  ditar- 
taric acid,  it  being  apparently  impossible  to  melt  the  add  without 
producing  a  certain  quantity  of  the  latter  (comp.  Warington, 
lae,  cU.i  p.  943).  So-called  ditartaric  add  and  tartaric  anhydride 
are  doubtless  related  to  tartaric  add  in  the  same  manner  that 
dehydroglycolic  aeid  and  glycolide  are  to  glycolic  acid. 

Tartaric  acid  is  vcrv  easily  oxidized,  formic  and  carbonic  acids 
being  generally  produced.  When  treated  with  hydriodic  acid,  it 
is  reduced  first  to  malic  and  then  to  succinic  acid.  It  is  readily 
carbonized  by  sulphuric  acid,  and  is  thus  distinguished  from  malic 
and  citric  acids,  which  are  only  slowly  altered.  ^A'heu  treated 
>vith  ])hosphoric  pentachloride,  it  yields  chlororaaleic  chloride, 
being  probably  first  converted  into  diehlorosucciuic  chloride, 
C,II  ,Cli(C"OCl)„  which  loses  the  elements  of  a  molecule  of 
hydrocldoric  acUl :  CJI,Cl2(COCl)2=CyiCl(COCl).,  +  HCl. 

(186  7)  L.«voTAitTAHic  Acid. — No  method  of  directly  forming 
this  acid  alone  is  known ;  it  is  always  obtained  from  racemic 
acid  (q.v.).  In  general  chemical  properties  it  agrees  most  closely 
with  dextrotartaric  add,  but  undergoes  fermentation  less 
readily,  in  this  respect  resembling  hevalose,  which  is  less  readily 
fermented  than  dextrose ;  the  two  acids  differ,  however,  to  a 
marked  extent  in  their  behaviour  with  other  optically  active 
substances :  dextrotartaric  add,  for  example,  forming  a  crystalline 
compound  with  asparagine,  whereas  Isrotartaric  acid  forms  with 
this  body  only  an  uncrystallizable  syrup ;  in  like  manner,  hydric 
anmionic  dextrotartrateforms  a  crystalline  double  salt  with  optically 
actif  e  hydric  ammonic  malate,  but  hydric  amnionic  kB?otartrate 
does  not  furnish  a  corresponding  compound.  Again,  dnchonine 
dextrotartrate  crystallises  with  two  molecular  proportions  of  water^ 
and  when  heated  begins  to  decompose  at  about  100^  (2  la^  F.), whilst 
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the  IfBTOtartrate  crTstallises  witlionly  lialf  a  molecular  ])ro|)ortioii 
of  water  and  is  much  more  stable,  being  unaltered  at  140^  (284°  F.)« 
and  quinine,  bmcine  and  ttrjcbnine  dextro-  and  IsTOtartrates 

difl'er  in  a  similar  manner  (Pastenr,  Ann,  Chim.  Phya.  [3], 
xxxviii.  46c).  According:  to  Pasteur,  dextro-  and  Isevotartaric  acids 

both  frystallizc  in  forms  derived  from  a  monoclinic  prism,  PMT  : 
sometiiues,  although  very  rarely,  the  crystals  are  holohcdralj  but  uj*  a 

Fig.  394. 


rule  certain  hcea,  0  c  (Fig.  394),  truncating  the  edges  c,  wbidi  are 
fully  developed  on  one  side  of  the  crystalware  only  slightly  developed 
on  the  other  side ;  often,  however,  they  are  hendkedral,  the  faces 

c  c  beiiifr  present  on  one  side  only.  These  faces  arc  sitnatcd  on 
the  right  5?i{le  in  the  ease  of  dextrotartaric  aeid^  and  on  the  left  in 
the  case  of  lievotartaric  aeid  ;  the  two  kinds  of  crystals  arc  thus 
non-snperposable,  the  relation  of  the  one  form  to  the  other  being 
precisely  that  of  an  object  to  its  reHeeted  image.  Tlie  crystals  of 
both  acids  are  ])yro-electrieal,  and  when  heated  and  h'ft  to  cool, 
the  side  on  which  the  hemiliedral  faces  are  situated  becomes 
jKJsitivcly  electrified  and  the  o])])<)sitc  side  iic«ratively  electrified. 
Solutions  of  the  two  acids  of  the  sume  stj  cii;^th  deflect  the  plane 
of  polarization  to  an  exactly  equal  extent,  but  iu  opposite 
dire^ons.  In  all  other  physical  properties,  however,  the  two 
acids  appear  to  be  identical. 

Tartraieit. — Many  of  the  metallic  tartrates  crystallize  in  wcll-<lcfined  and 
highly  charactcri^tir  forms:  corresponding  salts  of  the  dextro-  and  Ijcvo-acids 
agreeing  iu  tompor^itiun  and  proj>erties,  and  difl'ering  only  in  crystalline  form  in 
the  manner  pointed  out  above  for  the  acids  themselves,  being  mostly  Leinibe<iral. 
In  aqueous  MlottOD,  tliey  all  dflfleet  the  pbma  of  polarisation  to  a  greater  degree 
than,  hut  in  the  same  directiim  as,  the  parent  acid.  The  following  are  the  moat 
characteristic.  Tfj/dric  potouic  tartrate,  potassic  bitartrate  or  cream  of  tartar, 
C  II. O  K,  the  chit't'  ronstituent  of  tartart  forms  irregular  aggregates  of  small, 
hard,  tiansjtarcMit  prismatic  crystals,  requiring  fw  solution  about  240  pts.  water 
at  10^  (50  F.),  and  15  pts.  boiling  water.  The  oormal  potassic  suit, 
C\Iip,K,,  is  much  more  solnble,  requiring  only  66  pte.  at  14^  (57^*3 
The  eocieeponding  sodic  salta  are  both  easily  soluble.  Potatne  godic  tartrate, 
Sockelle  or  Scujnette  salt,  C\H/),K^fa+  4OH.,,  one  of  the  inoi^t  characteristic 
of  the  metallic  tartrates,  crystallizes  in  large  rhombic  ]>risras,  soluble  in  about 
I  j>ts.  cold  water.  By  boihng  a  solution  of  the  acid  potassic  salt  with  aiiti- 
muuious  oxide,  so-called  tartar  emHie  m  prodaoed,  the  group  8bO  diq>ladng 
hjdvogen  in  the  group  000H«  times 
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Ca(OU).COOH  Cli(OH).CO^_^, 

CH(OH).O0OK        *  '  CH(OH).000K 

Thk  Mit  crystallizes  in  rhooklNe  osUlMdnt  of  the  composition  2C\H^O,K(SbO) 
+  OH,,  soluble  in  about  1 4  pts.  cold  water ;  it  loses  the  whole  of  its  water 
of  crystallization  at  100°  (212''  F.),  and  when  heated  at  200'  (392"  F.)  the 
anhydrous  salt  is  deprived  of  the  elements  of  a  molecule  ol'  water,  leaving 
a  residue  of  the  cooipoeiUon  C^U^O^KSb.  Analogous  oompouudti  containing 
the  radidM  AsO»  BiO,  BoO,  FeO,  CrO  and  UO,  «ra  obtaiMd  bj  digesting  sola- 
tions  of  hydrifl  potassic  tartrate  with  the  oxides  of  arsenic,  &c. 

Calcic  tartrate,  C\H^O^Ca  +  4011,. — Even  dilute  solutions  of  tartaric  acid 
yield  a  cryHtalllne  precipitate  of  this  salt  wKen  treab'd  with  calcic  acetate,  and  it 
is  aUo  obtained  with  calcic  chloride  in  presence  of  alcohol ;  bolutions  of  normal 
tartrates  are  al:K>  readily  precipitated  bj  oalne  dilorida,  although  if  the  liquors 
are  dilute  the  pfecipitate  doea  noi  appear  for  aonia  minntea.    Caloio  tartrate  ia 
dimorphic,  being  frequently  deposited,  eapeoially  from  dilute  isulutions,  in  the 
form  of  very  fine  needles  radiating  from  a  commfm  opntre,  but  aft<'r  a  time  these 
are  converted  into  isolated  rhombic  prisms  and  octahedra,  which,  however,  are 
always  holohedral.    Sulutiuus  ol'  calcic  deztro-  and  luivotartrate  in  hydrochloric 
add  aiert  respectively  a  bevo*  and  dextrorotatory  action  on  polarised  light 
(Fisakear).   If  bario  oblorido  be  added  to  a  dilate  solution  of  ammonio  or  m^ie 
tartrate,  or  if  bario  aoetate  be  added  to  even  a  very  dilute  ( i  per  cent)  solution 
of  the  free  acid,  a  precipitate  of  bario  tartrate  \a  produced  which  generally  is  at 
tirst  bulky  and  floccxilcnt,  but  in  a  lew  hours  this  precipitate  disaj)pears  and  the 
sides  of  the  vessel  become  coated  with  clean  globular  msisiies  (Warington).  So- 
called  baaio  tartrates  are  obtained  by  displacing  the  hydrogen  of  tbe  OH  groups 
aa  well  aa  that  in  the  COOU  groupK,  by  the  less  positive  metals.    Thui«,  if 
plumbic  tartrate,  CJI^O^Pb,  he  dissolved  in  ammonia  solution,  .ind  the  liquid 
lK)iled,  a  precipitate  of  the  corap(tsition   C'JL(()„Pb).(t'(  >0).l'b    is  obtained. 
Similarly,  cupric  hydrati?   dissolves  iu  solutions  of  normal  tartrates  of  alkali 
metals,  furnishing  a  solution  not  precipitable  by  alkalies,  and  in  like  manner  the 
precipitation  of  alnminiaro,  iron,  tin,  Soo.,  by  alkalies  ia  preTenied  by  the  presence 
of  an  alkali  metal  tartrate,  no  doubt  owing  to  the  formation  of  mixed  basic 
tartrates.    Fehling's  solution  used  in  the  estimation  of  gluoose,  Ao,»  IB  a  aoltttion 
of  a  basic  salt  of  this  kind  in  excess  of  alkali. 

£t/ij/lic  tartrate,  C^lljO,(C,lIJ,,  prepared  by  saturating  a  solution  of 
tarfcario  add  Hi  ethylie  aUiohol  with  hydrochlorio  aoid,  is  a  ooloarleee  liquid  which 
deoompoaea  on  ^atillation.  By  tbe  action  of  an  excess  of  acetic  chloride,  it  is 
converted  into  ethi/lic  diaretoxjf  sued  note,  0*^11^(0,11 />,)j(C()OCjH,)j,  a 
crystalline  substance  which  melts  at  67"  (i^2°'6  F.),  and  distils  with  only 
slight  decomposition  ( I'crkiii.  Jour.  Clirm.  Soc,  xx,  147).  IJy  the  action 
even  of  au  excess  of  benzoic  chloride  on  ethylie  tartrate,  only  the  hydrogen  of 
one  of  the  OH  groups  becomes  displaced  by  benxoyl,  although  on  treating  the 
roonobenzoyl  derivative  thus  obtained  with  acetic  diloride,  acetyl  ia  readily 
introduced  in  place  of  the  hydrogen  of  the  second  OH  group  (Perkin). 

If  tartaric  ncid  be  digested  for  several  hotirs  with  about  three  times  its 
weight  of  acetic  chloride,  it  is  gradually  converted  into  ifiiicctofartarie  or 
diaceioxy succinic  anhydride,  ^'|li|(*-',ll,^),'0,0j,  a  crystalline  solid  melting 
at  126®  (258°'8  F.) ;  it  combines  with  water,  forming  the  i^rrespondine  acid, 
dimetallic  salts  of  which  may  be  obtuned  by  neutralization  with  metallic  car* 
bonates,  Ac.  (Perkin). 

If  tartaric  acid  be  dissolved  in  4-5  pts.  of  the  stront,'est  nitric  acid,  and  an 
equal  volume  of  concentrated  sulphuric  acid  be  ihen  added  to  the  s(»lutiou  with 
constant  stirring,  a  pasty  mass  of  dinUroaytueoimie  add,  t',li,NO,)^(COOH),, 
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is  prodooed  i  this  nay  be  purified  by  ejmdin^  on  ponme  tiles,  crystalUxstion 
from  water  st      (32*  F.),  and  rserystallisatioD  fnm  etber  (oorop.  DemolSv 

JDeui,  ckem.  Ge».Ber.,x.  1789).  It  is  an  extremely  uiistablo  Hody,  deoORI* 
posin<7  into  t  irtnmio  aoid,  Ac.,  at  a  few  degrees  above  0°  (32°  £*.)  erea  in 
aqueous  solution. 

(1868)  Racemic  Acid. — ^This  acid  was  discovered  in  1822 
by  Keatner,  a  manufacturer  of  tartaric  acid  at  Tliunn  in  the 
Vosges,  wlio  obtained  it  in  large  quantity  from  tartars  jjroduced 
in  the  vinfaj^es  of  1822 — 1824.  It  was  not  again  ohservcd, 
liowcvcr,  for  many  years,  and  on  inquiry  Pasteur  a-seertained 
that  this  was  chiclly  owin^  to  the  fact  that  the  manufaetiirers  of 
tartaric  acid  liad  ceased  to  nndvc  use  of  tlie  crude  tartars  and 
were  employing  tartar  partially  purified  I)y  crystallization;  crude 
tartars  h-om  various  districts  were  all  found  to  contain  more  or 
less  raeemate,  but  being  more  soluble  thaa  the  tartrate  this 
chiefly  remained  in  the  mother-liquors. 

Racemic  acid  may  be  formed  by  the  direct  union  of  dextro- 
and  laevotartanc  acid  :  on  mixing  cold  saturated  solutions  con- 
tainlDg  equal  weights  of  the  two  acids,  heat  is  developed,  and 
racemic  acid  separates  out  as  the  solution  cools. 

According  to  Pasteur^  the  acid  which  Perkia  and  Duppa  and 
Kekul^  obtained  by  digesting  argentic  dibromosuccinate  with 
water,  or  calcic  dibromo«ucciDate  with  \ime  water,  is  a  mixture  of 
racemic  and  mesotartaric  acids;  Juogileisch  {Compt.  Rtnd,,  Ixxvi. 
286]  has  shown  that  racemic  acid  can  be  obtained  in  this  way 
from  succinic  acid  prepared  from  ethylene,  and  consequently, 
since  racemic  acid  may  be  resolved  into  dextro-  and  l»Totartaric 
add,  that  it  is  possible  to  produce  optically  active  substances  by 
entirely  artificial  means.  Baoemic  acid  is  also  formed  (a)  by 
digesting  a  mixture  of  oxaldehyde  (glyoxal,  1667)  and  hydro- 
cyanic acid  with  hydrochloric  acid  (Strecker).  (b)  By  oxidation  of 
a  number  of  carbohydrates  and  of  saccharic  and  mucic  acids  :  in 
most  cases,  dextrotartarie  acid  is  also  produced,  the  following, 
according  to  llornemann  {Jour.  pr.  Chem.,  Ixxxix.  283),  beiug 
the  relative  amounts  of  the  two  acids  obtained : 


Dsxtrotartaite 

add. 

100 

40-3 

44*6 

37 

100 
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(c)  By  heating  either  dextro-  or  Icevotartrate  of  cinchonine  for  five 
or  six  hours  at  1 70°  (33^°  ^0 }  mesotartaric  acid  is  also  produced 
simuitaneouslyj  the  amount  increasing  as  the  heating  is  pro* 
longed  (Pasteur).  Othei;  tartrates,  such  as  ethylic  tartrate  and 
quinine  tartrate,  are  also  oouTerted  into  racemates  on  heating 
(Pasteur),  (d)  By  heating  mesotartaric  add,  of  by  boiling  it 
with  hydrochloric  acid  (Dessaignes).  (e)  Together  with  mesotartaric 
acid  and  decomposition  products  by  heating  dextrotartaric  acid 
with  about  one-tenth  of  its  weight  of  water  for  about  30  hours 

173°  (347^  ^•)'f  1^  heating  be  continued  long  enough^ 
the  whole  of  the  dextrotartaric  acid  disappears,  racemic  and  meso- 
tartaric acids  being  formed  in  proportions  which  vary  with  the 
degree  of  heat  and  quantity  of  water  added ;  and  by  heating 
mesotartaric  acid  alone  with  water  in  a  similar  manner,  it  is  also 
transformed  into  racemic  acid,  but  it  cannot  be  completely  con- 
verted by  one  treatment.  To  separate  the  racemic  ueid,  the 
product  of  the  action  of  heat  is  dissolved  in  boiling  water,  the 
solution  filtered  and  evaporated  ;  if  the  concentrati(m  be  not 
carried  too  far,  the  crystals  which  separate  on  cooling  consist 
entirely  of  racemic  acid  :  6-^0  grams  dextrotartaric  acid  heated 
with  J  CO  grams  of  water  in  a  metal  digester  yield  in  a  single 
operation  more  than  100  grams  racemic  acid  (Juiigfk'isch, 
Bull.  Soc.  Chem.  [2],  xviii.  201).  {J)  By  the  decomposition  of 
desoxalic  acid  (1882). 

Kacemic  acid  crystallizes  in  triclinic  prisms  of  the  composition 
C^H,Oj4-OH..  Nvliicli  efiloresce  on  exposure  to  the  air  and  become 
completely  anhydrous  at  100°  (212°  F.) ;  the  anhydrous  acid  melts 
at  about  200^  (.39^°  ^0*  Kacemic  acid  is  less  soluble  in  water 
than  tartaric  acid,  the  crystallized  aeid  requiring  5 — 7  pts.  water 
at  15^  (59^  F.) ;  its  solution  is  optically  inactive.  It  is  also  dis- 
tinguish^ from  tartaric  acid  by  the  behaviour  of  its  calcic  salt, 
which,  although  of  the  same  composition,  is  less  soluble  thaii 
calcic  tartrate,  being  precipitated  on  adding  calcic  chloride  or 
sulphate  to  a  solution  of  the  acid ;  calcic  racemate  also  is  in- 
soluble in  acetic  acid,  and  on  adding  ammonia  to  its  solution  in 
hydrochloric  add,  a  crystalline  precipitate  forms  within  a  few 
seconds,  whereas  with  calcic  tartrate  the  precipitation  does  not 
take  place  for  several  hours. 

The  racemates  all  crystallise  in  holohedral  forma,  and  axe 
optically  inactive.  According  to  Pasteur^  the  property  of  uniting 
to  form  a  racemate  does  not  obtain  for  all  metallic  dextro-  and 
laevotartrates  ;  thus  if  a  solution  of  racemic  acid  he  divided  into 
two  equal  portions  and  the  one  half  neutralized  with  sodic  car- 
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bonAtej  the  other  with  potassic  carbonate  or  ammpnia,  and  the 
two  solutions  mixed,  the  liquid  being  of  soch  a  degree  of  con- 
centration that  it  only  deposits  crystals  after  some  bours,  the 
eiystals  which  form  consist  not  of  sodic  potassic  or  sodic  am* 
monic  racemate^  bat  in  part  of  the  oonesponding  deztro-  and  in 
part  of  the  corresponding  ]»votartrate.  It  was  in  this  way,  in 
iact,  that  Pastenr  originally  ascertained  the  nature  of  racemie 
acidj  and  sncceeded  in  resolTing  it  into  dextrotartaric  add  and 
the  then  unknown  laerotartaric  acid.  It  would  appear,  howereTf 
that  under  certain  conditions  a  solution  prepared  in  the  manner 
described  with  the  aid  of  sodic  carbonate  and  ammonia  also 
deposits  hdohedral  monoclinic  crystals  of  sodic  ammonie  raoemale 
(comp.  Stadel,  Deut.  cltem,  Ges.  Ber.,  xi.  1852). 

^JG.  395.  Fig.  396.  Fic  397. 


The  crystalline  form  of  thi'  two  sodic  ainmoiiic  tartrates  is 
represented  by  i" 'f?^-395,3v'^J,  although  in  ri;ality  they  are  somewhat 
more  complicated  as  shown  by  Fig.  which  is  a  projection  of  the 
extremity  of  a  crystal  of  dcxtrotartrate.  The  crystals  being  so 
placed  that  the  face  p  is  in  front  of  the  observer  and  the  face  t 
horizontal,  it  will  be  seen  that  there  is  a  hemihedral  face  h  on 
the  right  hand  in  the  case  of  the  dcxtrotartrate,  and  on  the  left 
hand  in  the  case  of  the  Isevotartrate ;  the  face  p  is  readily 
recognised  in  consequence  of  the  presence  of  the  small  faces 
M,  B,  Fig.396^  which  truncate  the  edge  formed  by  the  intersection  of 
the  faces  p  and  t. 

(1869)  MssoTARTARic  AciD. — This  modification  is  formed 
together  with  racemie  and  dextrotartaric  acid  by  oxidation  of 
sorbinose  (i56i)«  and  together  with  racemie  acid  by  digesting 
dibromosuccinic  add  with  water  and  a  metallic  hydrate ;  it  may 
also  be  produced  by  heating  cinchonine  dextrotartrate  or  race- 
mate  for  several  hours  at  170^  (348°  F.),  by  prolonged  boiling 
of  dextrotartaric  or  racemie  acid  with  hydrochloric  acid,  and  by 
heating  either  of  these  acids  with  water.  It  is  best  prepared  bv 
heating  dextrotartaric  acid  with  about  one-tentli  its  weight  of 
water  lor  two  days  at  165  F.)  (comp.  J uugUeischj /oc.  ci/.). 
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Mesotartaric  acid  is  very  soluble  in  water  and  usually 
crystallizes  in  rectangular  plates  of  the  composition  C^H^Oj  +  OH,, 
which  readily  part  with  their  water  at  100°  (212°  F.)  ;  if  the 
anhydrous  acid  be  dissolved  in  water  and  the  solution  be  allowed 
to  crystallize,  large  anhydrous  holohedral  crystals  resembling  those 
of  dextrotartaric  acid  are  deposited.  It  melts  at  140^  (284°  F.). 
Mesotartaric  acid  is  optically  inactive  and  cannot  be  resolved  into 
the  active  modifications^  bat  it  may  be  converted  into  racemic  acid 
by  heating  with  water  at  175**  (347^  P*)  (Jungfieisch).  Calcic 
and  hydric  potassic  mesotartrate  are  more  acdable  than  the  oorre- 
spon^ng  tartrates. 

(1870)  HTDBOZTPB0PANB-a-DiC4BBOXTLl0  AciDS. — ^Two  iQch  soid«  are 

known,  the  one  fbrmad  bj  heating  no-called  dichlorhyJrin  (CH,C1),CH.0H 
(p-  54^)  ^'^^^  potasrtic  cyanide,  &c.;  the  other  by  the  action  of  nitrous  acid  on 
glutaminic  ucid.  The  former  is  a  crystalline  body,  melting;  at  135°  (275**  P.)  ; 
judifing  from  the  manner  in  which  it  is  prepared  it  should  have  the  formala 
Oli,(COOU).CH(OU).CH,(COOH)  (MaxweU  SimpeoD.Prmr.  8oe„ian.  44). 
The  latter  has  been  termed  glutanie  acid  ;  it  is  very  soluble  in  water  and  crys* 
tallizes  with  difficulty;  it  melts  at  about  73**  {16^°'^  V.)  (comp.  Markownikoff, 
Ann.  Chem.  Pharm.,  clxxxii.  347).  Being  isomeric  with  the  acid  from  dichlor- 
hydria,  it  should  have  the  formula  CU,(COOH).CH,.CH(OH).000H,  bu^  this 
is  1^  DO  BMsas  established. 

(1S71)  MEmTLHTPBOXTsucoiirio  or  Htdboxtftbotabtabic  Acids.— 
By  heating  ethylic  acetoacetate  at  1 00^  (212°  F.)  with  half  its  weight  of  anhy* 
drous  hydrocyanic  a<id  and  digestintf  the  product  with  hydrochloric  acid,  it  is 
converted  into  an  hydroxy-acid  of  the  formula  CH,.C(OIl)(C(  )OH).CII,.CO  Jli . 
which  crystallizes  in  groups  of  deliquescent  needles.  When  distilled,  this  acid 
is  partly  rcsolred  uto  water  snd  Mtrsooiiio  anhydride,  and  partly  into  isopropylie 
alcohol  and  oarbooio  anhydride.  (Demarf^y,  Oompi,  Send,,  houdi.  1337 ; 
Noms,  Jour.  Chtm,  SoCm  Trans.  1880,  6.) 

By  coiubtning  itaconic  acid,  CjH^(CO()H)j,  with  hydrochloric  or  hydrobromlo 
acid,  and  boiIin«i;  the  resulting  cbioro-  or  bromo-acid  with  water  for  6-8  hours, 
so-called  itanuiUc  acid,  C,lIj(OHKCOOH)j,  is  produced;  this  crystallizes  in 
looff  needles,  neltiog  at  64**  (147  '2  F.)  (Swarts;  comp.  Fittig  and  Landolt, 
Ami.  Chem.  Pharm.,  clxxxviii.  71).  Citra-  and  mesaoouic  acids  do  not  appear 
to  furnish  hydroxy-acids  when  treated  like  itaconic  acid,  as  above  described 
(comp.  Fittig  and  Landolt,  loc.  cit.),  but  according  to  Carius,  eitramalic  acid, 
isomeric  with  itamalio  acid,  may  be  obtained  by  combining  citraoonio  acid 
with  hypocbbrous  acid,  and  displacing  the  chlorine  iu  the  resolting  chlefoc^m- 
saalic  add  by  hydrogen.  By  eombining  citraoonie  and  itaeonie  adds  with  hypo- 
ehhmnw  add,  and  boiling  the  products  with  water,  isomeric  dihydroxy-aoida, 
homologous  with  tartaric  acid,  and  therefore  termed  extra-  and  ita-tartaric 
acid,  are  said  to  be  formed  (Carius,  ihid.,  cxiix.  159;  Wilm,  dxi.  28),  but 
these  acids  have  been  very  insufficiently  investigated. 

(1873)  Aposoano  Acid,  C.H,0,  =  C,Il,(OH),(00OH),,  is  one  of  the 
pradneto  of  the  oxidation  of  sorhinoae  (1561)  by  nitrie  aeid ;  it  usually  crystal- 
]tz<4  iu  confused  laminse,  but  sometimes  forms  thin  acute  rhombohedra,  soluble  in 
163  pts.  wilter  at  T  '■°  {59°  F.)  (Dessaignes,  Ann.  Chem.  Pharm.,  Supp.,  ii.  242). 

{1873)  Hyduoxyadipic  Acids. — Mon-,  di-,  and  trihj-droxyadipic  acids 
have  been  prepared  from  the  corresponding  brumo-aciUb  (p.  933),  but  compara- 
tivsly  litfels  is  known  ol  their  propeitiss. 
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(1874)  DiMETHYLTAttTAKic  AciD,  [C(CII,)(0H)(C0OH)],,  18  obUued  in 
•mall  qaanttty  on  diaaolving  tine  in  a  dilute  alcoholic  nulution  of  aeetoformic 

acid  (1820) ;  its  hydrie  potawio  salt  ci  vatallizes  in  small  J;li^t^.'Iling  j  lat  s.  very 
difficultly  solable  in  cold  water.  The  baric  and  calcic  sultH  alitu  cr}staUi/.e  weil^ 
and  are  almost  insoluble  in  cold  water  (Bottniger,  ibi<i.,  clxxxviii.  315). 

(1875)  DiATKKEBic  Acid  :  C\H,  A  =  C,H^.CH(OH).CH(COOH),.— Whtn 
(Mcidized  with  nitric  acid  (sp.  gr.  11 8 — i'i6),  both  French  and  American 
tarpentine  <m1  yield  acryiitallineaoid  of  the  ooinpo«itiou  C,H,„0^  irbich  ia  termed 
ierehic  acid.  This  acid  is  monobattic,  but  on  treatment  with  alkaline  hydratea 
it  furnishes  salts  dorived  from  an  acid  of  the  composition  C\Hj/)^  ;  these  diatere- 
binatvs,  however,  are  uncrystallizabU',  and  the  acid  which  they  lurnifh  when 
treated  with  mineral  acidu  cauuut  be  i»ulatcd  but  breaks  up  into  terebic  acid 
and  water.  Terabic  add  aeparateii  from  alcohol  in  large,  transparent,  monoclinic 
oyatala,  slightly  aolnble  in  cold,  more  readily  in  hot  water ;  it  melta  at  1 74" 
(345''2  F.),and  on  distillation  ia  completely  resolved  into  carbonic  anhydride  and 
pyroterebio  acid,  Cyi  Pyroterebio  acid  yields  isobutyric  and  r.celic  acid  on 
fusion  with  potassic  hydrate  (  C.  Williams),  and  is  convcited  into  isobutylacetic 
acid  by  heating  with  hydriodiu  acid ;  the  most  probable  lurniul;B  of  diaterebic, 
terebks  and  pyroterelno  acid  are  therefore  as  follows  ( Fittig  and  Midok,  Amm, 
Cttem.  i>AarM.,dzzx.45;comp.Erlenmflyer,2M.cA«m.  GtM.  JSer.,  xiii.  305): 

(CHJ,CH.CII(U1I).CH(C00H),  (CUJX'II  CH.Clf.COOH  ' 

0.00 
Terabic  acU. 

(CH,),CH.CHziCU.COOH. 

Pjrotcreliic  iicid. 

(1876)  DiATEiii'KNVLic  Acid  :  C.II.X). — This  acid  is  homologous  with 
diaterebic  acid,  and  like  it  cannot  be  obtained  in  the  free  state  on  account  of  lis 
inatability  and  tmdency  to  break  up  into  water  and  the  dehydro-acid,  terjpenyUe 
add,  C,H„0^  homologoua  with  terebic  add.  Terpenylic  add  it  produced 
together  with  a  email  amount  of  terebic  acid  on  oxidizing  American  or  French  tor- 
pentine  oil,  lemon  oil,  or  so-called  terpin— the  crystalline  glycol  ot  the  compodtaon 
(',„H|j^((  )H  )^  obtained  by  the  combination  of  the  elements  of  2  mols.  water  with 
I  mol.  of  u  terpene — an  aniouut  equal  to  about  6 — 7  per  cent,  of  the  weight  of  the 
terpene  employed  being  obtained.  It  forma  large,  wdl-defined,  tridinio  prianaof 
the  composition  C,H,jO^  +  OH,,  moderatdy  aolnble  even  in  cold  water ;  the  pnm 
anhydrous  acid  meltri  at  90°(i94°  F.).  It  is  comparativdy  easily  oxidized,  and 
yields  only  acetic  and  carbonic  acids.  When  dibtilk'd,  it  is  resolved  int*)  carbonic 
anhydride  and  teracrylic  acid,  l'.ir,,,0„  homoloi^oua  with  pyroterebic  acid  ;  but 
a  coniiiderable  portion  is  converted  into  oily  uon-acid  substances.  The  salts  o£ 
terpenylic  acid  have  the  formnla  C,U^jM'0^.  the  moat  chanwteritUc  bebg  the 
enpric  salt;  crystalline  baric  diaterpmiyhite  may  be  obtdned  by  addUag  an 
excess  of  baric  hydrate  to  a  solution  of  terpenylic  acid,  removing  the  exceia  at 
baric  hydrate  by  means  of  carbonic  acid,  and  concentrating  the  solution  inva<tio  : 
it  is  more  soluble  iu  cold  than  in  hot  water  (Fittig  and  Ilempel,  Ann,  Ckenu 
Pkorm,,  clxxx.  71 ;  Kratrt,  DeuU  chem.  Ges.  £er.,x.  5*1,  1O59). 

(1877)  SacohabicAcid;  Trink^drwyiwiranediearhcaejfUo  Acid :  C,U^^0^ 
»C^H,(0H)^(C00H),.— This  add  is  a  product  of  the  oxidation  by  means  ot' 
nitric  acid  of  mannitol,  of  the  glucoses  which  furnish  manuitol  when  hydro* 
genized,  of  cane  su>;ar  and  of  starch  ;  it  is  also  formed  togethar  with  theiaomctio 
music  acid  when  milk  sugar  is  simihirly  treated. 

It  is  best  prepared  by  heating  i  pt  cane  sugar  with  3  pts.  nitric  add 
spb  gr.  1*3)  until  resction  commences ;  after  the  fyalt  brisk  adion  is  over,  the 
mixtuic  is  mdntdned  at  50**  ( 1 22**^.)  for  some  time^  and  it  is  then  diluted  with 
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aboat  half  its  balk  of  water,  nentnliMd  with  potasaie  carbonate,  inipenatorated 
with  acetic  und,  aod  allowed  to  »taod,  when  blight}/  soluble  hydric  potaKKio 
>accliarate  crj'stallizfs  out  in  the  form  of  brownish  crusts.  It  may  be  purified  by 
recrystallization  with  the  aid  of  animal  charcoal.  To  prepare  the  free  acid,  tins 
salt  18  converted  iuto  the  normal  potaiisic  Aalt,  which  m  precipitated  with  cadiniu 
Bttlphate,  and  tha  otdniio  salt  d«oomposed  with  bydrio  sulphide; 

Saoeharie  acid  has  hitherto  only  been  obtained  as  an  amorphoos  d^qoescent 
sabstanoe,  easily  soluble  in  alcohol ;  it  begins  to  decompooo  when  hested  slightly 
above  100°  (212^  F.).  It  is  said  to  exert  a  dextrorotatory  action  on  polarized 
lij^lit.  It  }  ii'Kls  ilfxtrotartaric  acid  when  oxidized  witii  nilric  arid  ;  wiien  heated 
with  li}drioaic  acid  it  yield*  adipio  acid  (^De  la  .MoLte,  JJcuf.  c/icin.  Ges.  JJer., 
xii.  157 1);  on  treatment  with  noetic  chloride,  it  yields  a  cry.stalline  compound 
of  the  formula  C^^Hj^O,,  which  ia  foobably  a  diaoetylated  auhydxo-derivative 
(Baltxer). 

The  acid  sacch  irates  of  the  alkali  metals  are  (Hfficnltly  soluble  like  the  acid 
tartrates,  but  the  normal  sanharates  of  alkali  nieLals  are  very  soluble;  the  sac- 
chanties  of  oiher  metals  are  diilicultly  isoluhio  or  iubuluble.  Klhylu:  taccharaUy 
C^U,(Jg(C,H  J,,  is  crystalline,  but  difficult  to  obtain  in  a  pure  state }  it  forms  a 
crystalline  oouipound  with  calcic  chloride,  2C,H,0,(C,H,)^  +  CaCI^  which  is  con- 
verted into  the  tetracetyl  derivative  C\H^(C,H,oJ/COA'.,TI.),  hy  treatment  with 
acetic  chloride  :  tliis  compound  oryi^Ullizvs  Irom  uioohol  in  iiukes,  melting  at  61** 
(141  "-S  F.)  (Ualuer). 

(1878)  Mucic  Acid,  C,H,,0,  =^  C^H,(01I)^(C00H)^  isomeric  with 
saoehario  aeid  is  formed  by  oxidation  of  dolcitol,  lactme,  milk  m^or,  gum  arabio 
and  ve<^etable  macus.  It  is  easily  prepared  by  heatini;  milR  Mi^ar  with  nitric 
acid  until  a  brisk  reaction  sets  in,  and  when  the  action  hns  subsided  i^'ain 
heating  for  a  short  time  ;  as  the  liquid  cools,  it  (separates  as  a  sandy  crystalline 
powder  (comp.  Lim^  richt,  Ann.  Chem.  PUarm.,  cixv.  253). 

Mttcic  acid  crystallizes  in  plates,  almost  insoluhle  in  cold  water  and  alcohol, 
and  it  even  requires  about  66  pts.  boiling  water  to  dissirfvo  it  When  heated, 
it  melts  and  decomposes,  yielding  formic  acid  and  small  qnantttisa  of  pyromocic 
and  isopyromucic  acids,  C^H^O^,  together  with  produt  tt*  of  more  complete  dce  ini- 
position.  It  yields  racemic  acitl  on  oxidation  with  nitric  acid;  when  heated  at 
100"  {212°  F.)  with  a  sulutiou  of  hydrobroniic  acid  saturated  at  (32°  ¥.), 
H  is  oonvertecl  into  dehydromucio  acid,  C4lI,0(COOH),  (Heinzelman,  Ann, 
Chem,  Pkarm,,  cxdii.  184).  When  boiled  for  a  length  of  time  with  water,  it 
ia  said  to  be  converted  into  the  isomeric  paramucic  ocm^,  whidl  ia  distinguished 
from  it  by  its  greater  solubility  in  wator  :  thin  acid,  however,  ver\' readily  under- 
goes reconversion  into  mucic  acid— on  merely  cooling  a  boiling  satarated 
aqueous  solution. 

MuttC  and  saceharie  acid  are  both  conTcrted  by  the  action  of  phosphoric  peu- 
taohkuride  into  soiled  chloromuconio  chloride,  C^U,C1,(C0C1),,  which  yields 
chlmomooonio  add,  C4U,C1,(C00H),,  whan  decomposed  by  water  (oomp.  IhuL 
ekem.  Oes.  Ber.,x\i.  1271,  1571): 

C^H^(OH)^(COOH)^  +  6l'Cl,  =  C\H^C1,(C(>(M),  +  6P0CI,  +  6Haj 

c^H^cyooci), = c^u,ci.(cooi),  +  2HCI. 

The  mocates  are  mo.stly  insoluble,  even  the  normal  salta  of  the  alkali  metals 
being  sparingly  soluble ;  the  acid  potassic  salt  is  somewhat  more  soluble  than 
the  normal  salt.  Ethylic  mucate  crystallines  in  four-sided  prisms,  melting  at 
158°  (3l6°*4  ¥.)  (oomp.  Limprioht);  by  treatment  with  acetic  chloride,  it  is 
converted  into  the  tetracetyl-derivntive,  C,U,(C,H  0,)/CO,C,IlJ,.  which  oye- 
tellizes  from  hoi  aleobol  in  needles,  melting  at  177^  (35o''*6  F.). 

Inasmuch  ae  they  are  fimqed  fimn  maanitol  and  doleitol  re^pectiTely,  both 
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ncehtrie  and  mncic  acid  must  in  all  prolrabnity  be  represented  by  the  fioraala : 

COOH.CH(OH).CH(0}I).CH(OH).CH(OH).COOH; 
we  do  not  know,  hofrever,  that  both  ha?a  the  eaina  molecular  weight. 
§  V.  Tbibasio  Acids  dbuybd  fbom  thb  Pabaffiks. 

(1879)  Tkicarballyltc  Acid;  Propanetricarhoaejflu!  Aeidt  C^H^Oj=s 
CO()H.CH,.CH(C(.)OH).CH,.C(H)II.— This  acid  was  ori^'inally  obtained  by 
digesting  a-tribroinopropane  (so  ci\lled  tribromhydrin),  CH,lir.('lIBr.CHjlir, 
with  an  alcoholic  solution  of  potaaxic  cyanide,  and  builing  the  resulting  cyanide 
with  water  and  an  alkali  (Maxwell-Simpson).  It  ia  also  Ibrmed  by  the  action 
of  naaoent  hydrogen  on  a0iniiti<s  add,  C^H^O,  (Wiohelhaus) ;  by  boiling  ethylic 
a-ohloroeroConate  with  an  alcobolieiiQlation  of  potassic  cyanide  (Claos,  Ann,  Ckem. 

arm.,  cxci.  63),  and  by  decomposing  ethylic  acetotricarballylate  (p.  913 — 
the  product  of  the  action  of  ethylic  cbh)racetate  on  the  sodium  derivative  of 
ethylio  acetosnccinate)  with  a  concentrated  solution  of  potassic  hydrate. 

Tmarballylio  add  oiyitalKaea  in  tranaparent  rhombio  priaroa,  eaaily  aolnble 
in  water ;  it  melts  at  aboot  158°  (316^*4  F.),  bat  sublimes  below  this  tempetn- 
tore.    It  does  not  appear  to  furnish  characteristic  or  well-crystallized  salts. 

{18S0)  CiTHic  Acid  ;  Ht/droxytricarhaUyJir  or  Hydroxtfpropan*- 
tricarbuxiflic  Acid:  C,H,0,  =  C,H/(>H)(COOH j^.— This  acid  occurs  in  the 
ftee  state  in  many  fruits,  such  as  lemonti,  oranges,  gooseberries  and  mulbcrriea; 
and  oooaaionally  ia  met  with  aa  acid  potaasio  or  eddc  aalt»  ooenrring  in  theae 
forms  in  potatoea,  for  example. 

It  18  now  prepared  almost  entirely  from  lemon-juice  expressed  from  windfalls 
and  iuiiHTfect  fruit,  nearly  the  whole  of  the  juice  used  in  this  country  beint^ 
im{>orted  from  Sicily  and  South  Italy.  The  amount  of  acid  in  Uie  juice  varies 
according  to  the  aeaaon  at  which  it  is  expressed,  Siellian  juice  expreaaed  in 
Kovembinr  containing  about  9  oa.  per  gallon,  while  that  obtained  at  Hie  end  of 
the  following  April  contains  only  about  6  oz.  per  gallon  (Warington,  Jomr, 
Chem,  Sor.,  xxviii,  927).  The  hot  juice  ia  neutralized  partially  with  calcic  car- 
bonate and  partially  with  oalcic  hydrate  ;  the  precipitated  calcic  citrate  is  «  ollected, 
washed,  and  treated  with  the  equivalent  amount  of  dilute  sulphuric  acid ;  and 
the  solution  of  dtrio  add  thus  obtdned,  after  being  separated  from  the  calcic 
sulphate,  is  evaporated  to  the  erystdlidng  pointi 

Citric  acid  crystallizes  in  large  transparent  rhombic  prisms  of  the  composition 
('  H  0_  4-  OH,^,  very  soluble  in  water  and  alcohol  ;  the  cryntals  may  be  entirely 
deprived  of  their  water,  witliout  undergoing  fusion,  if  heated  for  some  time  at 
50*— 60"  ( 1 22"— 140"  v.)  and  alterwards  at  lOoP  (21 2°  F.).  At  higher  tem- 
peratures, the  add  is  deprircd  of  the  elements  of  a  moieoule  of  water,  and 
CPnvert(  d  Into  aconitic  add  (q.r.),  C,H,(CO()n),,  and  a  similar  change  tukea 
place  on  heating  it  with  a  concentrated  solution  of  hydrochloric  or  hydrobromic 
acid.  Oxidizing,'  afs^ents  readily  completely  decompose  citric  acid ;  it  is  also 
completely  decomposed  by  sulphuric  acid,  but  does  not  blacken  so  easily  aa 
tartaric  aoid  when  heated  with  this  acid.  It  is  also  extremely  sendtivn  to  the 
action  of  oertdn  organiied  ferments.  Naeeent  hydrogen  ia  without  action  upon 
it  (Claus).  By  treating  solutions  of  alkaline  citrates  with  eblorine  or  bromine^ 
haloid  derivatives  of  acetone  and  chloroform  or  bromoform  are  produced. 

Citric  acid  has  a  pure  and  a;^reeahle  Jicid  taste,  but  it  cannot  be  very  exactly 
determined  by  neutralization  with  standard  alkali,  as  it  gives  no  sharp  reaction 
either  with  litmna,  ooehhieal  or  kgwood  (Warington).  The  citratea  of  the  alkali 
OMtale  an  Teiy  adubla;  thoae  of  other  nwtalB  are  mostly  dilliaultly  aolnbla. 

Calcic  citrate^  (C,H,0,),Cag  +  4OH,,  the  most  characteristic  citrate,  ia  mora 
soluble  in  ccld  than  in  hot  water,  so  that  a  cold  saturated  solution  becomes 
turbid  on  being  bulled  j  it  ia  diatingoished  by  this  propertjjr   from  calciu 
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tartrate,  and  also  by  ita  insolubility  in  alkalies.  Citric  acid,  like  tart.iric  and  many 
Other  bjdroxy-acidaj  preventa  the  precipitation  of  ferrio  hydrate  trum  tiulutiona 
of  ftrrio  aalta  bj  allniliei,  dmiMMa  bcMoao  ft  ferrio  eompoiind  is  formed  bj  the 
di^Iaoement  of  the  hydrogen  of  the  OH  g^^up  nwrniftttnl  witii  tbe  hydrocarbon 
radicle.  Etiioreal  salta  of  citric  acid  are  formed  by  saturating  solutions  of  citric 
acid  in  the  carbinols  with  hydrochloric  acid.  Trimethjflic  citrate  crystallizes  in 
well*formed  triclinic  prisms,  melting  at  79°{i74*''2  F.) ;  it  is  converted  into  the 
oomponnd  C,H^(C,U,0J(C0,C1IJ,  on  treatment  with  acetic  chloride  (Hunauu, 
IhiU,  ekem.  Get.  JBer.,  ix.  1749).  Citrie  add  ie  eonverted  into  the  highly 
niwtftble  eiyatalline  nitroxy-derivative  CJI/NOJ(C00H),  by  treatment  with  ft 
inixtare  of  concentrated  nitric  and  sulphuric  acid  (Champion  and  Peclet). 

(1882)  DiHYnKoxYrRoPA.NETBiCABBOXYLic  AciD;  Dihydroxytricarh- 
allylic  or  UtfdroxifcUric  Acid:  C,H,0,  =  C,H,(OH},(CtX)lI),,  is  formed  by 
eombimng  ftooaitie  acid  with  hypochlorona  acid  and  heating  the  product  witii 
water ;  it  doea  not  oiyatftllnw  (PkrvoUeek,  Aim.  Cham,  PAarm,,  dizviii.  510). 

(1883)  DbsoxalicAcid:  C,H,0,.— By  actirii;  on  ethylic  oxalate  (containing 
aloohul)  with  sodium  amalj^m,  Liiwij:^  in  rS6o  obtained  the  ethylic  salt  of  a 
tribasic  acid  to  which  he  gave  the  formula  CyijO^.  Brunner  Kubnequently  stated 
(Deut.  chem,  Gts.  Ber.,  iii.  974;  xii.  542)  that  the  primary  product  ia  the 
ethjiio  aalt  of  an  aeid  of  the  fbrmnla  C,U,0^  the  add  eorreiipoiidbg  to  which 
cannot  be  isolated,  aa  itdeoompoeea  on  eraporation  ofitaaqneoua  aolutton  into 
raceraic  and  dihydrotj-eeatio  (glyoxalic)  acids.  Klein  {Jour.  pr.  Chem,  [a],  xi. 
I4'0),  however,  han  recently  confirmed  Lowig's  statements,  and  further  investi- 
gated the  acid.  Triethylic  detoxalate,  C^H/),  (C^HJ,,  crystallizes  in  triclinic 
pnama  melting  at  85'  (185''  F.);  it  yields  a  diacetyl-derivative  on  treatment 
with  acetio  anhydride.  Deeoialic  add  ia  ciystalline,  bat  very  hygroscopic ;  on 
heating  itit  aqueous  solution  above  45'  (1x3*  F.)  it  ia  deeompoeed  into  carbonic 
anhydride  and  race m ic  acid,  C,H,0,  =  00,  + C^,0,.  The  raceraic  acid  thus 
obtained  agrees  with  ordinary  racemic  acid  in  all  ita  reactions,  bat  appeara  to 
differ  from  the  latter  in  \U  crystallographic  form. 

The  deoorapoaition  of  desuxalic  acid  in  this  manner,  and  the  fact  that  it  ia  ft 
Iribade  panthydrio  add»  neoeedtate  the  conelnaion  that  it  haa  the  fiiUowing 
fcrmvlfts 

0(OH)(C00H). 
CH(OH).(C0OH), 

§  VI.  Acids  of  the  CnHj^j^jCOOH  or  Aceylic  Series. 

The  Rcids  of  this  series  bear  precisely  the  same  kind  of  rela- 
tion to  the  acids  of  the  acetic  scries  that  the  olefines  bear  to  the 
paraffins,  and  the  alcohols  of  the  allylic  series  do  to  the  alcohols 
of  the  ethylic  series. 

(1883)        following  are  at  present  known : 

C.H^O,    Acrylic  acid  CH— CH.COOH 

(  Cralonie  or  a-methacrylic  add    .    .    CH,.C  11— CH.COOH 

C^H.O,  {  laocrotonie  add  (P)CH,.CHz:X!H.COOH 

I /3-Methacrylic  acid  Clf  — C(CH,).COOH 

1a'-l)imethacrylic  acid  (CHj^CrilCH.COOH 
a/3^nnethacrylic  or  methylcrotonic  ^  CH,fiC=C(CHJ.OOOH 
Angdieadd!   \    \   \   \   \   .  !(?)CH,.HC=lC(CH,).COOH 
Al^keetieadd  •   .  CH^CU.CH..CH,.COOH 
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/  Ilydiosorbic  acid  or  (?)  a-propjlacrylic  CJI/'H.COOH 
r  H  O  /  «-'lsoprop)lacrylic  or  pjmierebic  add  Cyi./^.HC^CH.COOH 
^*  «•  »  J  a-Alethjl./S-«fchyUerylio  or  etbjrlero-  )     ^  ^ 

V    Umio  aeid  j    *  ' 

TcracryHc  acid  cyi,..CO()H 

iMiualuric  acid  .....    .  .(?)C^H,',.CU1>H 

iloringic  acid  (O^J^ .,.CCX)H 

Cimieioadd  C,,h;COOH 

Hypo},n^ioacid  C,,H.,.COOH 

Oleic  acid  C,.II^C'01)H 

Doeglic  acid  C„Hjj.CO()H 

BraM«ic  or  t?riicic  acid    .     .    •    .    .  C.,,I1^,.C0UH 

(1884)  Mf^ihods  0/  formation, — I.  Bj  oxidation  of  the  cone- 
spondiDg  aldehydes : 

CjHj.COil  -f  (O  +  OHjj)  =  C,n,.COOil  +  OH,. 

AciyUe  aldtlvd*.  AoryUo  add. 

As  the  adds  themseWes  very  readily  undergo  oxidation^  it  is 
necessary  to  en)})loy  very  mild  oxidizing  agents^  such  as  argentic 
hydrate^  for  this  purpose. 

2.  liv  the  removal  of  the  elcraeuts  of  a  molecule  of  water  from 

ft' 

certain  :iei(ls  of  the  luetic  series  (eomp.  I,  1784)  by  mere  dry 
di^tiUutioii  : 

CH,(OH).CH„.COOH  =  CHj=:  CH.COOH+OH, 

•-!{)droxjrproploiiic  acid.  Acrylic  acid. 

3.  By  the  removal  of  the  elements  of  a  molecule  of  haloid  acid 
from  monohaloid  derivatives  of  the  acids  of  the  aeetic  scries,  cither 
b}-  mere  heating  or  by  means  of  an  alcoholic  solution  of  potassic 
hydrate. 

4.  By  the  removal  of  a  molecule  of  halogen  from  certain  di- 
ll aloid  derivatives  of  acids  of  the  acetic  series  by  means  of  nascent 
hydrogen : 

CH,Br.CHBr.C00H-H2H=CHa=CH.C00H  +  alIBr. 

«/l-llibiromoprop{oolo  add.  Aevylte  add. 

5.  A  number  of  the  acids  of  the  series  occur  naturally  as 
ethereal  salts  in  vegetable  oils. 

(1885)  Properties.  —  In  addition  to  tiie  ordinary'  reactions 
characteristic  of  all  compounds  containing  the  group  COOIl,  the 
acids  of  the  acrylic  scries  are  ca])able,  like  the  hydrocarbons  of 
the  oleliuc  series  from  which  they  arc  derived,  of  uniting  with 
the  haloid  acids  and  halogens  to  form  haloid  derivatives  of  the 
eorrcsjpoiidiug  acids  of  the  acetic  series^  thus  : 

CH8IZCH.C00H+HI  =  CH^.CHyCOOH. 

Acrylic  add.  ^lodopropionlc  acid. 

The  isomeric  adds,  howevec,  manifiMt.  considerable  dillerences  in 
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this  respect^  combining  with  haloid  acids^  &c.^  with  very  uneqnal 
degrees  of  facility. 

2.  Some  few  of  the  acids  of  the  scries  may  be  directly  con- 
verted into  the  corresponding  acids  of  the  acetic  series  by  the 
action  of  uasccnt  livdro^'cn  : 

CH,=  C1I.C00H  +  aH  =  CHj-CII^COOH. 

AcrjIic  acid.  Propionic  acid. 

3.  Most  characteristic  of  the  acids  of  the  acrylic  series,  how- 
ever, is  tlieir  behaviour  on  fusion  with  potassic  hydrate,  whereby 
tliey  arc  always  dccooiposcd  in  tlie  manner  illustrated  by  the  fol- 
lowing examples  : 

CHgZlCH.COOH  -I-  aKOH  =  H.COOK  +  Cn,.COOH  + 

Acrylic  acid.  Pota«Hic  funiiat«.         l'otaK«i.' ;»>  <  t;itc. 

H,.CH3.ClI  =  rH.C00U  +  aKOH  =  2CII,.(  OUK  H,. 

Crotijiiio  acid.  Potafsic  aoeUitc. 

In  other  words,  the  chain  of  carbon  atoms  is  severed  at  the  point 
of  double  union  and  tlie  place  of  the  C„II.,„  radi.^'le  which  is  thus 
split  off  is  supplied  by  two  atoms  of  hydrogen,  a  molecule  of  an 
acid  of  the  acetic  scries  being  thereby  produced  ;  the  CqIIj,,  group 
which  is  separated  becomes  oxidized  and  furnishes  a  second  mole- 
cule of  an  acid  of  the  acetic  series  if  of  the  form  11  gC  —  or 
CnHgn+iHCni.*  A  precisely  similar  disruption  of  the  chain  of 
carbon  atoras  results  from  the  action  nf  oxidizing  agents  such 
as  nitric  and  chromic  acid,  but  when  they  are  employed,  the 
group  from  whicli  titc  C„H^  radicle  is  separated  is  oxidized 
instead  of  being  hydrogeuized. 

4.  Many  of  the  acids  of  the  acrylic  series  readily  undergo 
isomeric  change  and  polymerization. 

(1886)  Acrylic  Acid;  EthyleneearboxylU  os  Methewylacetic 
Add:  C,H^O,=CH,:i:CH.COOH.— This  acid  may  be  formed— 1. 
by  oxidation  of  acraldehyde  (acrolein^  i<^47);  2.  by  distilling 
a-hydroxypropionic  (hydracrylic)  acid;  3.  by  heating  a-iodopro- 
pionic  acidj  CHj|I.CH,.COOH,  with  an  alcoholic  solution  of 
potassic  hydrate  (Erlenmcyer  and  Y.  Schneider),  or  by  distilling  it 
from  finely  pulverized  plumbic  oxide  (Wislicenus) ;  4.  by  the 
action  of  nascent  hydrogen  from  zinc  and  sulphuric  acid  on 
a|3-dibromopropionic  acid,  CH^Br.CHBr.COOH  (Caspary  and 
Tollens),  or  by  boiling  this  acid  with  an  aqueous  solution  of 
potassic  iodide  (V.  Zotta,  Ann.  Chtm.  Pharm.,  cxcii.  102).  It  is 
best  prepared  either  by  oxidizing  an  aqueous  solution  of  acral* 

•  If  of  the  form  (C„H^+,),C  — ,  it  would  probably  furnish  at  IcMt  two 
mokoolM  of  add,  hat  110  adds  of  the  soiylie  strios  oontaiiung  radicks  of  this 
Ibnn  hare  as  yet  heen  esamined. 
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dehyde  with  freshly  precipitated  argentic  hydrate^  the  reaction 
being  allowed  to  take  place  in  the  cold;  or  hy  dittilling 

jo-iodopropionic  acid  with  plumbic  oxide.   The  anhydrous  acid  is 
obtained  by  heating  the  anhydrous  lead  salt  mixed  with  an  equal 
.  weight  of  sand  at  1 70°  (338"^  F.)  in  a  current  of  hydric  sulphide, 
the  product  being  purified  by  fraetional  distillation. 

At  ordinary  temperatures  aerylic  acid  is  a  mobile  liquid 
having  a  pungent  and  highly  characteristic  odour ;  according 
to  Linneniann,  it  solidifies  when  cooled  below  7^  (44°'6  F.)  and 
boils  at  140^  {284°  F.).     It  is  miseible  in  all  proportions  with 
water,  and  readily  volatilizes  in  a  current  ot*  water  vapour.  Like 
acetic  acid,  it  turnishes  a  red  colour  with  ferric  chloride  in  neutral 
solutions,  and  also  yields  a  strongly  alkaline  solution  when  boiled 
with  an  excess  of  plumbic  oxide  (Erlenme^r).    It  often  spon- 
taneously undergoes  conversion  into  a  white  amorphous  subatance 
which  behaves  like  gum  arabic  in  water  or  alcohol  (Linnemann, 
'  Ann,  Chem.  Pharm.,  dxiii.  95, 369);  this  change  is  probably  induced 
by  some  foreign  Ixxly  present  in  minute  amount  in  the  acid  (comp. 
Caspary  and  ToilenSy  ibid.,  dxvii  251).    Acrylic  acid  slowly 
combines  with  nascent  hydrogen  from  lino  and  sulphuric  add, 
forming  propionic  acid  (Linnemann,  iM*,  cLxxL  292).  By 
heating  sodic  aciylate  with  an  aqueous  solution  of  sodic  hydrate 
at  100^  (2ia^  F.),  the  elements  of  a  molecule  of  water  are  assimi- 
lated, sodic  a-hydroxypropionate  being  produced  (comp.  1799)* 
Acrylic  acid  readily  unites  with  hydriodic  acid,  forming  a-iodo* 
propionic  acid,  CHjI.CHg.COOH  (Wislicenus) ;  the  ooiresponding 
bromo-acid  is  obtaiued  by  its  union  with  bromine,  but  according 
to  linnemann  {tbid.,  dxiii.  96},  the  chloro-acid  produced  by 
combining  it  with  hydrochloric  acid  has  a  lower  melting  point 
(40°'5  C.)  than  that  obtained  by  the  action  of  chlorine  on  a-iodo- 
propionic  acid  (58°  C.}.    It  very  rc;uilly  unites  with  bromine, 
and  forms  a/j-dibromopropionic  acid,  much  licat  being  developed. 
When   fused  with  potassic  hydrate,   it  furnislies   a  mixture  of 
potassic  formate   and  acetate  (Erlenmeyer,  ibid.,  cxci.  376) ;  it 
does  not  yield  acetic  acid,  however,  when  merely  oxidized  by 
treatment    with  reagents    such   as   nitric  or  chromic  acid 
^Linuemann). 

AerjfUtiet. — Sodic  acrylaU,  C,H,0^a,  is  an  indistinctly  crystallhie  white 
nit,  very  Klightly  soluble  even  in  boiling  anhydrous  alcohol,  but  extremely 
Holuble  in  water.  Plumbic  acryUite,  (t'jll/>.,).l'b,  the  most  characteristic  salt 
of  the  acid,  crjHtallizes  very  readily  in  lung  glistening  needles,  easily  soluble  in 
water.  Argentic  acrylate,  C,H,0,Ag,  the  least  aolaUa  of  the  acrylates,  alao 
nyatslliaw  in  fioe  gliateaing  needles  |  it  is  sesroely  dsooBposed  by  boiling  its 
sqneoos  Bulutkm* 
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Etherial  salts  of  acrylic  acid  have  not  been  prepared  from  the  acid  Itself,  but 
by  treating  the  a3-dibroraopropionate«  with  nascent  hydrogen  (Caspary  and 
T<dlen0,  loe.eit.).  Methylic  ocry^to, C,H^O..CH,,  is  a  highly  pungent  bot  not  nil* 
plMMuit  OMUiiig  liquid.  boiUng  at  So'^-^s^  (i75*'^i85''  F.).  j;%l»0  aer^at^, 
C^,0,.n,,  alsio  poMeates  a  most  penetrating  pungent  odour,  and  boils  at  102** 
(2I5°'6  F.).  Allelic  acrylate,  CjH,Oj.C,H,,  ii»  a  liquid  of  unpleasant,  pnn^t»nt 
odour;  it  boilsat  119° — 124°  {2^G°'2  —  2'^5°'2  F.),  but  on  distillation  after  a 
portion  has  passed  over  the  residue  suddenly  becomes  a  jelly-like  mass }  on  raising 
the  tempmtun^  bowever,  tiie  wbde  puitw  over.  This  polymerisaliioD  dto 
gradoallj  takes  place  at  ordinary  tampontiuca,  aspeoiaUj  in  aooligbt,  a  baxd 
tnuuparent  maaa  being  formed. 

(1887)  Acids  of  thb  iobmula  C,HyCX)OH. — ^No  less  than 

three  of  these  are  known — Hm.,  crotonic  add^  isociotonic  add^ 

and  methiMjrylic  acid. 

OrffUmo  aeidi  a-metkaorylia  aeid:  CH,.CH=:CH.COOH.^Cratoiiio 
aaid  ia  fonned— -1.  by  oxidation  of  crotonic  aldehyde  (1650) ;  2.  by  dry  distil' 

lation  of  fl-hydroxybutyric  acid  ( Wialicenua,  1 807);  3.  by  heating  the  bromobutyric 
acid  CH^.CII.,.Cnik.C()OH,  with  water  or  alkalies  (1770);  4.  by  the  action 
of  nascent  hydrogen  on  a-ciilorocrotonic  acid  ;  5.  by  heating  isoorotonic  acid;  and 
6.  by  digesting  allylie  iodide  witb  an  alooholie  adation  of  potaane  eyanide,  and 
daoompoaing  the  resulting  cyanide  by  boiling  with  alkali.  The  formation  of 
crotonic  acid  by  this  last  method  involves  an  isomeric  change,  since  allylie  iodide 
has  the  formula  CHj~CH.('H  I  (Kekulo  and  Rinne,  Dent.  chem.  Gex.  Ihr., 
vi.  386) ;  Pinner's  cxperiraenls  {ihid.,  xii.  2053)  indicate  that  this  change  is  the 
result  of  the  formation  of  bydroxybutyric  acid  by  the  addition  of  the  elements 
of  a  moleoule  of  water  to  tbe  aiad  fonned  by  the  mere  diaidaoement  of  the  iodine 
in  allylie  iodide  by  carboxyl,  and  the  subsequent  revemal  of  tbia  feaction  t 
CH,.CH(OH)  CH,.CO()II  =  C'H^.CHzi C'H.('()()H.01I„. 

Crotonic  acid  crysUillizes  in  monoclinic  prisms,  meltiin;  at  72*  (i6i'^'6  F.), 
easily  soluble  in  water;  it  boils  at  189°  (372''*2  F.)  (Kekulo,  Ann.  Cheiti, 
Pkarm.,  clxii.  1 1 1).  By  the  aoUon  of  naaeent  hydrogen,  it  k  wary  alowly  oon- 
Terted  into  batyrie  acid  (Bulk).  On  foaion  with  potaaaie  bydrate,  it  yields  two 
molecules  of  potassic  acetate,  but  on  oxidation  with  either  nitric  or  chromic  acid, 
it  furnishes  only  a  3in<;l(»  molecule  of  acetic-  a  id,  ti>'jether  with  oxalic  acid  or  the 
products  of  the  further  o^cidiit ion  of  tiiis  acid  (Kekuie).  It  readily  combines 
with  hydriodic  and  hydrubruuiic  acids,  forming  mixtures  of  isomeric  raouohaloid 
butyric  acid  derivatives  (Alberti,  Deui,  ektm,  Oe%,  Ber,,  iz.  1 194). 

Argentic  erotonate,  C^H,0,Ag«  ia  very  difficultly  aolnble  in  cold  water  and 
jnneh  leas  aolable  tiian  argentic  acetate  in  boilini,'  water. 

Tsnrrnfnnic  or  qudt'tnti/l'ir  arid  is  obtained  by  the  action  of  na*<ccnt 
hydrogen  ou  the  chlorocrot*»nic  acid,  melting  at  59'''5  (i39°"T  F. ),  pn  pan  d 
from  ethylic  acetoacetate.  It  is  a  colourless  oily  liquid,  of  pungent  odour  recall- 
ing that  of  batyrie  acid;  it  botli  at  172°  (341°  6  F.),  and  at  25°  (77*^  F.) 
baa  the  api  gr.  I'oiS.  It  is  miscible  with  water  in  all  proportiona  (Genther, 
Jour.  pr.  Chem.  [2],  iii.  441).  When  distilled,  it  is  partially  converted 
into  the  solid  isomeride  above  described ;  the  same  change  takes  place  to  a 
greater  extent  on  heating  it  in  sealed  tubes  at  170** — 180°  C.  (Hemilian,  Ann. 
Chem.  Pharm.,  clxxiv.  330),  but  the  oonveraion  ia  never  complete  (Alberti, 
Dmt,  chMU  €f€t,  Ser,,  iz.  1194).  It  combines  with  the  haloid  acids,  and 
^piparently  yl  l  :s  only  a  single  product;  on  heating  the  compound  which  it 
forms  with  hy<lnjbroniic  acid  with  water,  solid  crotonic  acitl  is  obtained  (AlliertiK 
On  fusion  with  potassie  liydrate  it  behaves  in  precisely  the  same  ma'UK  r  as  solid 
a'otonic  acid ;  it  is  readily  oxidized  by  a  cold  solution  of  potassic  perman« 
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ganate,  yielding  acetic,  oxalic  and  carbonio  aoid«  (Hemiliaa).  A  namber  of 
isocrotouate8  have  been  desirrilx-d  by  <5(Mitlu'r. 

Isocrotonic  acid  is?  luually  represented  bj  the  formula  ClIj^ZZt  li.CH^.COOH 
as  it  is  iMmeric  with  solid  cvotonie  and  /S-methacrylic  acids,  and  thero  art  only 
three  acids  of  the  eerapoaiiion  C,H,.COOU  pomiUe  aoeording  to  our  proaent 
theory.  An  acid  of  this  formula,  however,  should  furnish  formic  a^d  propionic 
at'i  Js.  and  not  acetic  acid  on  fusion  with  potassic  hydrate.  In  order  to  overcome  this 
dirticulty.  Hemilian  sujxgosts  that  the  isonicric  chun;;e  which  has  been  shown  to 
tsike  place  on  heating  aUo  occurs  when  the  acid  is  fused  with  potassic  hydrate:  bat 
apart  from  the  fact  that  the  oonversion  into  the  isomerie  acid  ia  not  complete  even 
after  prolonged  heating  (Alberti).  the  ohaerraUon  that  abnormai  pnidaeta  are 
aleo  obtained  when  the  oiidation  is  effected  withont  the  aid  of  heat  by  permaa- 
tjnnate  appear!*  not  to  harmonize  with  thiK  explanation.  It  is,  in  fact,  by  no 
ini'ans  improbable  that  crotonic  and  isocrotonic  acids  atford  anoliier  instiinei* 
ol  the  insuQiciency  of  our  present  8y8tem  of  forniulatiug  isomerides :  in  other 
words,  that  both  moat  be  represented  by  the  same  fbrmnla. 

Methacrylic  acid  ;  ^-methactylie  aeid :  CH  —  C(t'II,).COOH.— This  acid 
was  first  obtained,  although  not  in  a  pore  stjite,  by  Frankland  an  1  Dtinpa.  by 
the  nr^tion  of  phnsplioroos  chloride  on  ethylic  hydroxjdimetbaoetate  (dimeth- 
oxalate,  1806},  6ic.,  thus: 

C(CHJ,.0H  C(CH,),Ca 

COOC.II,  CHHX'JI, 

ni  .mfcii  vcooc  iL  =  cii,  — c(('H  vrooc.H.  +  iici. 

lU  formation  in  this  manner  h:is  recently  been  t'urther  studied  by  Panl  {Ann. 
CV/e/n.  PAarwi.,  clxxxviii.  52).  It  is  also  produced  by  boiling  with  alkali  the 
chloropyrotartaric  adds  obfauned  by  oombining  dtra-  and  meaaoonio  adda  witii 
hydroehlorie  add  (Prehn,  ibid.,  42). 

/9-Methacry1ic  add  is  easily  soluble  in  water,  e8]M>cial]y  if  warm,  and  crystnl- 
lizes  from  it  in  long  glistening  prisms  which  melt  at  16^  (Co^'S  F.) ;  it  boil* 
at  160°  (320°  F.),  but  when  distilled  a  small  portion  is  always  converted  into 
an  amorphous  (?)  polymeride  (Prehn).  Its  calcic  and  silver  salt  both  crystal* 
Itia  well,  but  the  borio  aalt  is  amorphous ;  the  ethylio  salt  is  oonrerted  Into  a 
transparent,  jelly-like  substance  when  heated  (Paul).  It  is  readily  converted 
into  isohiityric  lacid  when  submitted  in  cold  .iqueous  solution  to  the  action  of 
sodium  amalgam,  whereas  the  isomeric  acids  are  not  in  the  least  affected  even 
at  100^  (212°  F.).  On  fusion  with  potassic  hydrate,  it  furnishes  a  mixture  of 
formate  and  propionate  (Frankland  and  Duppa).  It  combines  with  hjdriodic 
add,  forming  a  crystalline  dimethiodaostie  add  (t^ml). 

(1888)  Acids  of  the  formula  CJI..COOH, — Four  of  these 
acids  are  known  :  a'-di methacrylic  acid,  a^-dimcthacrylic  or 
methylcrotonic  acid,  angelic  acid  and  allylacetic  acid. 

a-Dimethacrylic  arid:  (0H,),C  =  Cn.CO01I.— This  acid  is  produced  from 
the  hydroxyisopropacetic  acid  of  the  formula  a'H  ) ,C(( )!! ).('H^.CO(>H.  ob- 
tained by  oxidi/.ing  i-iopropacetic  acid  with  potassic  permanganate,  by  distilling  it 
with  Aulphuric  acid.  It  crystallizes  in  monodinic  prisms,  melting  at  70** 
(158**  F.)  (Miller,  Deut.  eAem.  Get,  Ber.,  n.  1526,  2216;  xil  1542). 

a^Dimttkacn/lir,  methyleroionic  or  iiylic  acid:  CH,.CHziC(CH,).COOH. 
— The  researches  of  Gent  her  and  Frohlich  and  of  Schmidt  and  Berendea 
(Ann.  Ckem.  Pharm.,  cxci.  94)  have  shown  that  this  acid  occurs  as  glyceric 
salt  in  croton  oil,  the  oil  distilled  from  the  seeds  of  Croton  tiglium.  Ethereal 
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ualts  derived  from  it  are  also  present  in  oil  of  charaomile-flowers  {Anthcmu 
mehilu)  (Fittig,  Kopp,  and  Kilbi^,  t6«l.,  ozer.  8i,  92) ;  and  it  may  be  obtained 
by  saponification  of  oeTadine  and  cevadilline,  two  alkaloida  ezcracted  from  the 
seeds  of  Veratnun  sahadilla  (Wri;^ht  and  Lutf,  Jour.  CAem.  Soc,  1878,  338). 

It  may  be  produced  by  heatini?  ethylic  metbctli  hydroxy  acetate  (1CS07)  witli 
phosphorous  trichloride,  &c.  (FrankUmd  and  Duppa)  ;  by  dry  distilhitioii  of 
a*methyi-/3-hydroxybutyrio  acid  (Kohrbeck) ;  and  by  heating  angelic  acid 

(q.v.). 

a/E^Dimethacrylic  acid  crystallizes  in  tricltnic  prisms,  melting  at  64'''5  (i48'*'I 
F.),  and  boila  at  198^  5  (389°-3  F.).  It  i»  difficultly  Holuble  in  cold  water,  but 
more  soluble  in  hot,  and  volatilizes  very  readily  in  a  current  of  steam.  It  is 
not  altered  by  the  action  of  nascent  hydrogen  from  vodium  amalgam  and  water. 
On  fusion  with  potassic  hydrate,  it  yields  a  mixture  of  potasaic  acetate  and  pro- 
pionate. It  readily  combine*  with  hjdrobromie  acid,  forming  a  bromovalerio 
acid,  probably  CH,.CH,.CBr(CH,).COOH,  which  crystallize.s  in  large  mono- 
cliuir:  prisms,  melting'  at  86°  (iS6°'8  F.)  ;  this  acid  is  reduced  by  nascent 
hydrogen,  and  converted  into  a  valeric  acid,  which  is  probably  niethetliacetic 
acid  (p.  831);  when  boiled  with  water,  it  ia  for  the  mo«it  part  reconverted 
into  «^-dimetbaery]ic  aoid  and  hydiobromio  aeid :  a  portion,  however,  is  re- 
■olved  into  o^imethylethylene,  CH,.CHizCH.CH,,  oarbonie  anhydride  and 
hydrobromic  acid,  and  it  almost  entirely  decomposes  in  this  manner  if  boiled  u  ith 
a  solution  of  podic  carbonate.  It  unites  with  hydrindic  acid,  forming  an  iodov  duric 
acid--proiuibly  Cll  .rH^.(;i(C'H,).C()()II— melting  at  86^-5  in  (187  7  F.jwhich 
ii«  easily  converted  into  valeric  acid  by  reduction,  it  somewhat  slowly  combines 
with  bromine,  forming  dibromovalerio  aeid,  CH,.CHBr.CBr(CH,).OOOH ;  this 
latter  aeid  melte  at  86^**5  (i87'**7  F.) ;  it  readily  diMiulvea  in  a  oold  eolation  of 
sodio  fltrboni^  bat  in  a  very  short  time  the  liquid  becomes  turbid,  owing  to 
the  separation  of  bromobutylene  :  C,H.BrjO,,Na  =  C\H.Hr  +  C0„  +  NaBr  (comp. 
Schmidt  and  Berendes  ;  Fittig,  Kopp.  Kubig,  and  Pagenstecher,  loc.  cit,  / 
Schmidt,  Deut.  chem.  Ges.  Uer.,  xii.  252). 

Anffelie  .^cm^.— This  acid  was  originally  obtained  from  thd  root  of  tiie 
archangel  {AngtUea  archangeliea) ;  it  has  since  been  procured  from  anmbnl 
root  {Euryangium  tumhul) ;  from  the  oil  distilled  from  the  flowers  of  the 
oommon  chamomile ;  from  peucedanine,  a  nt  ntval  substance  contained  in  the 
root  of  masterwort  {Iinperatoria  oslruthium) ;  and  from  laserpitin,  a  bitter 
principle  extracted  from  the  root  of  LaMerpitiwm  latifoUuxa,*  It  is  best  pre- 
•  pared  from  archangel  root  (oomp.  Meyar  and  Zenner,  Asm.  CiiMi.  Pkmm,, 

Angelic  acid  crystidlizes  in  large  transparent  monoclinic  prisms,  melting  at 
45"  (113°  F.).  difficultly  soluble  in  cold,  but  easily  in  hot  water ;  it  boils  at 
18^"  (365°  F.),  but  on  diatiilation,  a  uertaiu  amount  undergoes  iaomerio  change 

*  The  nature  of  the  labatances  in  archangel  and  sumbol  roots  whicih  fomiah 
angelic  acid  whea  deoompoaed  by  alkali,  &c.,  is  not  known.  Chamomile  oil, 
according  to  Demar^ay  (  A>m/>/'.  Bend.,  Ixxvii.  3*^0),  chiefly  omsists  of  butylic  and 
amvlic  angelate  and  valerate,  but  according  to  the  more  recent  researches  of 
Fittig  and  Kiibig,  who  have  examined  specimens  obtained  at  very  different 
times,  it  oonsiatB  of  isobntylie  iaobatyrate,  isobotylic  angalais^  and  the  iaoamylic, 
isohflsyUe  and  anthemylic  salta  of  angelic  and  a^-dimethaorylio  aoida,  and  does 
not  contain  an  appreciable  amount  of  valeric  compounds  (comp.  Schmidt, 
loc.  cit.).  Pcuftfrfantnc  has  the  composition  (^',,H|jOj,  and  yields  potassic  angelate 
and  oreoselin,  CH^Oj,  on  saponiti cation  with  potasaic  hydrate.  Laxerpitin  haa 
the  formula  C„H„0,,  and  yields  pctaisio  angckta  tod  hserol  C\JI„0^  when 
simikrlj  treated. 
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Mid  k  converted  into  o^-diraettiaeiylio  ttdd,  md  it  may  be  dnMMfc  entirelj 
tnukdbniMd  into  thi«  acid  by  prolonged  boiling  (for  sk  IflMt  40  hoars),  or  by 

the  action  of  concentrated  salpharic  acid  (Demar9ay,  Compt.  Bend.,  Ixxxiii. 
906;  Fittitr  and  Kopp,  loc.  rit.).  Angelic  acid  im  not  altere<l  by  treating  its 
solution  with  Bodium  amalgam  ;  on  fusion  with  potawic  hydrate,  it  furuisbes 
the  same  products  as  a^-dimethacrylie  noid.  It  oombinet  witli  hy^colMWBie 
add,  forming  a  bronovalerie  and  idantieal  both  in  phyaical  and  dMmieal 
properties  with  that  produced  in  a  similar  manner  from  a3-dimethacrylic  acid 
(q,v.),  but  whereas  the  latter  acid  furnishes  alroo«t  the  theoretical  quantity  of  this 
broino-acid,  angelic  acid  yieldn  at  most  60 — 70  per  cent.,  and  another  or  other 
(perhaps  isomeric)  products  are  obtained  which  are  not  formed  from  the  former 
acid  (Fittig  and  PagenateolMr).  With  hydriodie  aoid  the  two  adds,  howerer, 
hahava  lomewhat  d^erantlyi  if  amixtua  of  dthar  with  about  ten  times  its 
weight  of  a  solution  of  hydriodio  add  of  sp.  gr.  1*96  be  saturated  at  0°  (32°  F.) 
with  li ydriodic  acid  gag,  a  clear  solution  i^  obt.Hin«xl  from  which  a  large  quantity 
of  crystals  is  dt'jvnHitt'd  aft«^r  somo  hours.  Both  products  have  the  composition 
of  iodovaleric  acid,  C^H^IOj,  but  that  from  a^-diuiethacrylic  acid  crystailizes  in 
fine  glietening  platea  melting  at  86°-5  (iS;"'*;  F.),  whenae  that  from  angdia 
add  ia  obtaiMd  in  move  oompaet  crystals  which  melt  at  46°  (i^^'S  F.), 
althftffg**  a  small  quantity  remains  uu fused  ontil  about  76°  (i68'''8  F.).  If  a 
less  concentrated  acid  be  cmpl'-yed,  both  these  acids  aro  fornned  simultaneously 
from  angelic  acid.  Both  iuiuish  the  same  valeric  acid  when  reduced  by  means 
of  zinc  aud  dilute  sulphuric  acid  (Schmidt,  Deut.  chem,  Ges.  Ber.,  zii.  252). 
Angelie  aeid  oomUnet  with  bromine,  fonning  a  eryvtalline  dibromoraleric  aoiid 
identical  with  that  obtained  firom  i^-dimethacrylic  acid  (q.T.),  hot  wheraia  dio 
hitter  yields  almost  the  theoretical  amount  of  this  dibromo-acid,  angelic  add 
furnishes  only  about  70  per  cent,  of  the  theoretical  (juantity,  an  oily  (?  isouicric) 
compound  being  alM>  produced.  When  submitted  to  the  action  of  nascent 
hydrogen,  the  <dibromide  from  angelie  add  ia  deprived  of  ite  bromine  and  com- 
pletely converted  into  a/S-dimethaatylic  add,  and  aeoording  to  Demarpay  {OompL 
Btnd.,  Ixxx.  1400)  a  similar  change  is  effected  on  dietilUng  the  dibfOUO-aeid 
(Fittig  and  Pagenstecher,  and  Schmidt,  lor.  cit.). 

Angelic  and  «3dimethacrylic  acids  therefore  allord  another  inf<tance  of 
isomerism  which  cannot  be  expre.^ed  by  our  present  system  of  notation:  the  iact 
tliat  both  aeidt  ftumish  the  Mme  dibromovalerio  add  when  eomhinfd  with  bromine 
bdng  one  whioh  nucamarily  involvee  their  representation  by  the  tame  formnla. 

Anqehteg  and  al^Dtmelhacri/lafes. — Tlie  salts  of  the  two  acids  diffl-r  very 
considtiriMy.  CaJrlc  anqclote,  {C^\\^0.)Va  +  2^^\{ is  mucli  less  soluble  in 
hot  tliiiu  in  cold  wat^r,  and  if  a  cold  saturated  8<dution  he  enclosed  in  a  tube 
aud  heated  iu  the  water  bath  magnificent  long  needle  like  crystals  begin  to 
•eparato  at  a  temperatoie  of  35°— 4°°  (95°— '04**  ^')»  "nd  at  6o*— 70**  (140* 
—153*'  F.)  the  liquid  is  entirely  converted  into  a  stiff  pasty  mass.  100  psvte 
o!  adation  saturated  at  I7***5  {(>3,'''S  F.)  contain  23  pts.  of  the  anhydrous  salt. 
Ca'cic  npi-diiiiethacrylaie,  (C.H.O  )  Ca 3( HI ,,  forms  wliite  pjisty  cryst-ds 
much  more  soluble  in  hot  tliun  cold  water;  100  pts.  of  a  solution  saturated 
at  17°  (62^*6  F.)  contain  6*05  pts.  anhydrous  salt.  Baric  angelate, 
(C^H.OJ  Ba  +  4'50H,,  is  very  aolnble,  and  can  searoely  he  obtained  in  isoktod 
erjfstals.  Baric  a',i  ilimethacryhite,  (('  lI.O,)^Ba  +  4()II,,  is  more  soluble  than 
the  calcic  salt,  but  much  less  soluble  than  baric  an-^elate  ;  it  forms  small  prismatic 
crystals.  Puta.<isic  (inqclatc  is  a  very  soluble  dcliijuosciMit  salt.  Pofasxie 
a^-dimelhacri/laU  readily  crystallizes  iu  bundles  of  auhydrous  needb^,  and  does 
not  ddiqoesoe.  Jrgeniie  amgelate  separates  from  boilinsr  water  in  feathory 
ciystals  {  argmUie  o^-iimtkacriflaU  ia  a  dmilar  ai|lt»  bat  less  aolable  (Fitkig 
and  Kopp). 
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Allylacetic  acid,  C,Hj.CH^.C(K)H,  is  a  colourless  oil,  boiling  at  l^Tt* 
(359°*6  P.)  (Zcidler,  Ann.  Chem.  Pharm.,  clxxxvii.  30). 

(1889)  AciD8  OP  THE  FORMULA  C^IIj.COOII. — Thrcc  of  these 
acids  are  known — hydrosorbic  acid,  a-isopropylacrylic  or  pyror 
terebic  acid,  and  a-methyl-/3-ethacrylic  or  cthylcrotonio  acid. 

Hydrosorbic  or  (P)  a-propylanrylic  acid,  C,Hj.C00ir,  is  readily  obtained 
by  disj«*tin'^  an  aqueous  solution  of  sorbic  acid,  CjHy.COOH,  at  the  ordinary 
temperature  with  sodium  amalgam.  It  is  liquid  even  at  —  18'  (  —  4°  P.),  and 
at  19**  (66*^*2  P.)  has  the  sp.  gr.  969 ;  it  boils  at  2o8'''5  (406^  4  F.) ;  it  is 
only  slightly  soluble  in  water,  but  easily  dissolves  in  aloohol  and  ether.  Hydro* 
sorbic  acnd  is  not  altered  by  nascent  hydrogen ;  on  fusion  with  potaisio 
hydrate,  it  yield-?  a  mixture  of  potassic  acetate  and  normal  butyrate.  It  com- 
bines witij  bromine  with  great  readiness,  forminfj  a  non-cryst;illiiie  dibrotpocaprnic 
acid,  CjH^Br^.COOII,  which  yields  sorbic  acid  on  treatment  with  an  alcoholic 
sdution  of  potasiie  bydrale^  bnt  which,  if  heated  with  watw  at  100^  (2 1  a*  F.) ,  is 
converted  into  bromohydrosorlne  and,  which  then  gradoally  decomposes*,  psfft^ 
into  sorbic  and  partly  into  liydroxyhydrosorbic  acid.  Tt  also  very  nmdily  unites 
with  hydrubromic  and  hydil  Ddic  acid^,  formin;^  liquid  broino-  and  iodo'-aproio 
acids,  which  furnish  normal  ('aprnic  acid  on  redtiction.  The  bromo-a  -id  yields 
hydrosorbic  and  hydroxycaproic  acid  when  decomposed  by  water  or  sodic  carbon- 
ate solution  (Pittig  and  Barringer,  ilaa.  CAem.  Pkarm.,o\x\.  309;  Kachel  and 
Bittig,  ibid.,  elxviii.  289;  Pittig  and  Mielek,  ibid.,  c\xxx,  52;  Fittig,  Stahl, 
Landsberg  and  Bngelhorn,  ibid,  00.  42,  93 1  Menschntkin,  J)0ui,  ekem,  Cht, 
Ber.,  xiii.  163). 

(f  fsopi-opi/facrylic  or  pyrotcrehic  acid,  C,Hj^.CH  ~  Cli  rOOII.  is  pro- 
duced by  dry  distillation  of  terebic  acid.  According  to  recent  exiH'rimenUi  of 
Bledt  and  Fittig  cc.  58,  259),  however,  the  product  thus  obtained  is  not, 
as  has  been  supposed,  the  pare  acid,  but  a  mixture  of  a  relatively  small  quantity 
of  the  acid  with  a  dt  liydro  compound — so-calle<l  lactone  (^ee  coumarin)— of  the 
formula  r.!f  O  .  If  it  be  dissolved  in  water,  the  solution  d';,'ested  with  excess 
of  calcic  carbonate,  then  distilled,  and  the  distillate  saturated  with  potassiu  car- 
bonate, the  lactone  separates  as  an  oily  layer.  The  and  is  obtained  on  evapo*, 
ratinif  the  rpsidne  from  the  retort  and  treating  the  resulting  salt  with  hydro- 
chlorie  acid,  when  it  separatee  as  an  oil  mudi  less  soluble  in  water  than  tha 
lactone. 

The  lactone  is  a  colourless,  perfectly  neutral  liquid,  easily  soluble  in  water;  it 
boils  at  206°  (402'''S  P.).  When  boiled  with  a  conoentrated  solution  of  bario 
hydrate,  it  is  convertei  into  baric  hydroxy i«ocaproate. 

Pyroterelnc  acid  appears  to  combine  with  gaseous  bydrobromic  acid  to  form 
a  crystalline  bromisocafwoio  acid ;  but  the  aqueous  acid  at  once  converts  it  into 
the  lactone.    With  bromine,  it  forms  a  dibromisooaproio  and  melting  at  99* 

(210'-2  P.). 

a-Methyl-^-eihacrylic  or  ethylcroUmic  add,  CH,.CH— C(C,HJ.COOH, 
is  produced  as  ethylic  salt  by  distilling  ethylie  diethhydrosyaoetate  (diethoxalate). 
with  phosphorous  trichloride  (Franlcland  and  Doppa;  cemp.  Fittig  end  Howe, 
ibid.,  cc.  31).  It  crystallizes  very  readily  in  large  square  prisme,  very  sH-^htly 
soluble  in  water,  melting  at  about  4i''(io5*''8  P.),  and  sublimes  even  at  ordii  a'y 
temperatures;  it  boils  at  209''  (4o8'**2  P.),  On  Aision  with  potassic  hydrate, 
it  yields  a  mixture  of  potassic  acetate  and  normal  butyrate.  It  combines, 
slthongh  very  slowly,  with  hydrobromio  add  when  treated  with  a  very  conccn* 
trated  aqueous  solution  of  the  acid*  The  resultins:  bromodietharetic  acid  melts 
at  25^;  on  reduction,  it  yields  an  acid  which  is  probably  diethacetic  acid;  when 
heated  with  water  at  1 00^  (212**  P.),  it  is  for  the  most  port  decomposed  into 

3  3  o 
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•ibjlcrotonic  acid  aod  hydrobroxnio  acid  ;  but  if  it  be  di^olved  in  water,  and 
•  riiglii  tioew  of  lodie  fiatbomito  be  tlwn  Added,  tlM  MraHmg  lodie  mk 
npidlj  deoompoMt  cbitfly  into  Msylene  (K  p.  36*  C),  oarbooio  ankjdride,  and 
todte  bffomtdff.  The  dibromo-acid  roraied  by  combining  etliylorotonie  aod  with 
Ivoinine  (m.  p.  8o*'5  C.)  bi-haves  Bimibrly  (Fitti<j:  and  ITowe). 

Kach  of  the  three  ncidf  ibuve  described  furnishes  characteristic  salts. 

Acids  which  very  closely  reoemble,  if  they  are  not  identical  with, ethylcrotonie 
«iid  pyroterebie  add*  respeekiTelj,  have  been  obtained  by  Finnar  and  Lager- 
sunk  (eonp.  IM.  eiUM.  Qet.  &r.,  z.  1053 ;  xiL  854). 

(1890)  HiOBEft  Acids  or  TBB  AcRTUc  SBmiBS.— Our  know- 
ledge ci  tbe  adds  containing  more  than  six  atoms  of  carbon  is 
extremely  imperfect,  oleic  acid  being  the  only  one  to  which  even 

a  moderate  amount  of  attention  has  been  paid. 

Terarrt/ltc  acid,  CjHj,0,. — This  acid  (1877)  is  a  colourless  liquid  of  peculiiu" 
not  unpleasant  odour,  boiling  at  216° — 218°  (420^  8 — 424^  4  F,).  Its  calcic 
ealt»  (C,n„(\),Ca  +  5OH,,  ie  eaiiUy  aolublo  in  water,  and  oryetalliiea  in  long 
transparent,  effloreaoent  Deed  li  s.  Like  many  other  acid«  of  tbe  eeriee,  teracrylie 
acid  readily  undergoes  isomeric  change  under  certain  circumstances,  especially 
on  heating  its  potahsic  salt  with  a  coiicentratpd  potassic  livdrate  solution  on  the 
water-bath:  the  isoflieride  has  a  r\niene-like  odour,  and  lurni^hes  a  calcic  salt 
eryatalliziog  in  long  needier,  le^s  soluble  in  hot  than  in  cold  water  (Kralft,  Ikut, 
tUm,  O0»,  Ber.,  s.  1659). 

Damaluric  acid,  (?)  C^H^jO,,  according  to  Stadeler  {Ann.  Chem.  PJiarwu, 
Ixxv.  27 \  is  a  voliitile  acid  preeent  in  cowa'  andhoxaea'  urine  (coup*  Wemery 
ZtiU.  Chem.  [2],  iv.  413). 

Moringic  acidf  {?)  0,^1 1^0^. — According  to  Walter  {Ann.  Chem.  Pharm^  Ix. 
271),  this  acid  ia  obtained,  together  with  palmitic  and  other  aeida  of  the  aaetia 
aeriee,  by  the  aapoulBcation  of  oil  of  ben  {Morin^  Nux  Beken), 

dmkie  acid,  C,^II.^O,,  occtirs  in  the  free  state  in  RkapXigatUr 
punctipennis,  an  iiistn  t  of  the  order  Cimex.  It  is  a  crystalline  substance  of 
peculiar  rancid  odour,  melting  at  44**  (l  1 1°'2  F.),  inaoluble  in  water  (Carina. 
ibid.,  cxiv.  147). 

HypogmB  acid,  0^,11^0,,  is  obtained  on  saponification  of  oil  of  earOi-nat 
{Araeki*  kjfpogma)  {Q'dtmutnn  and  Sheven,  t&idL,  xciv.  250$  zeix.  305),  and 

is  perhaps  identical  with  phyi^etoleic  seid  from  sporm  oil  (Scliroder,  oiliii. 
22  ;  Hofhtadter.  ibid.,  xci.  177).  Ilypogmic  acid  crystitllizos  in  coK>ui  less  needl»*s, 
melting  at  34°  (93^' 2  K. );  it  fjmdually  oxidizes  on  exposure  to  the  air.  On 
treatment  with,  nitrous  acid,  or  when  heated  with  nilric  acid,  it  is  converted  into 
gtndie  aeid^  a  body  of  the  same  empirical  composition,  and  probably  of  the  aaroe 
iboleeiilar  weight.  Galdie  aeid  melts  at  39"  (l02^*2  F.),  and  does  notoxidiaeon 
exposure  to  the  air.  Hypoi»jcIc  acid  decomposes  on  distillation,  being  partially 
converted  into  sebacic  acid.  (\I1,^(C0()I1).  ;  t,',iidii>  a<id  may  be  volatiliz.-<i 
unchani;ed.  Physctoieic  acid  is  said  to  melt  at  30  (86  F.).  Doth  hypogteio 
and  galdic  acids  combine  with  a  single  molecular  proportion  of  bromine. 

Otde  add,  C^,H,,0,.  — The  normal   glyceride  of  thia  add  (oMn),* 

•  The  oils  which  contnin  ]  rii  cipally  glyceric  oleate  belong  to  the  daaa  oC 
HOIhdrying  oi'I.f ;  the  s(t-c. ilUd  dni  'tny  oils,  uneh  as  hemp,  linseed  and  poppy  oils, 
chiefly  consist  ol  the  jjlyccride  of  linohic  arid.  This  jvcid  is  said  to  have  the 
formuhi  <^',,II|,0,,  and  would  seem  therefore  to  bear  a  very  simple  relation 
to  hypogano  and  palmitio  acida;  but  at  present  eren  its  composition  cnanet 
be  n^^ed  as  eetablisbed. 
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C,Hj(O.Cj,H^O,),,  is  present  in  moat  natural  fata  and  fatty  oila,  being  especiully 
abundant  in  the  latter;  it  was  discovered  by  Chevreiil  in  1811,  but  fir^t 
Qbtained  pare  bj  Gottlieb,  who,  estAblisbed  its  formula,  in  1846.  To  prepare 
pare  oku  acid,  an  oil  neh  in  Ma,  mmIi  at  dive  or  almond  ml,  ia  aaponjiied 
with  potasaic  or  iodic  hydrate ;  or  the  cmde  oleic  acid  obtained  aa  a  by«- 
product  in  the  manufacture  of  stearic  acid  is  treated  in  a  similar  manner  1 
the  resulting  salt  is  decomposed  by  dilute  hydrochloric  acid,  and  the  sepa- 
xated  mixture  of  fatty  acids  is  digested  for  some  hours  at  100°  (212''  F.) 
with  finely  powdered  plumbic  oxide,  sufficient  of  the  latter  being  used  to  vaturate 
only  the  greater  part  of  the  deie  acid.  Hie  mixtare  of  lead  aalte  that  ohtaioed 
ia  extracted  with  cold  ether,  which  dissolves  only  the  oleate,  leaving  the  ealt  of 
the  solid  fatty  acid  undissolved.  Tlie  ethereal  liquid  is  shaken  with  an  exoevt 
of  hydrochloric  acid,  and  the  upjter  layer  is  tht-n  separated  and  the  ether 
remored  by  distillation.  The  acid  thua  prepared  is  still  contaminated  with 
prodoeta  of  oxidation  and  eolonring  matter,  to  separate  whidi  it  ia  cooled  down 
toaboot  •  (19^4  F.),  when  itaolidifiee  to  a  cfyetalline  maaet  whieh  ie  pteaeed 
between  folds  of  bibulous  paper,  or  drained  on  a  vacuum  filter ;  by  repeatedly 
nioUiii<^,  cooling,  and  pressing  the  crystallized  portion,  at  laat  irith  the  addition  of 
a  little  alcohol,  the  impurities  are  completely  rotnovod. 

Oleic  acid  crystallizes  from  alcohol  in  brilliant  white  needles,  melting  at 
14°  (57°- 2  F.) ;  it  i»  ioeohiblo  in  water,  but  very  eoluble  in  eloohol  and  alher. 
The  acdid  add  doea  not  alter  on  expoeare  to  air,  but  the  liquid  add  rapidly 
abeorbe  OOl^p^feD,  acquiring  a  yellow  colour  and  rancid  odour.  It  volatilizes  in  a 
vacaura  almost,  if  not  entirely,  without  decomposition;  but  when  distiilod  in  the 
ordinary  manner,  it  breaks  up  into  lower  acids  of  the  acetic  series,  sebacic  acid, 
and  hydroc^trbons.  On  oxidation  with  nitric  acid,  it  yields  a  complex  mixture 
of  oxidation  prodaeta,  eondeting  of  lower  adds  of  the  aoetto  aeriea,  raednie, 
mberic  and  azelaic  acids,  Ac.  Oleic  acid  combines  with  a  single  molecular  pre* 
portion  of  bromine,  forming  an  oily  dibromide,  Oj,II,,Hr,/^j,  which  yiekU  oleic 
add  on  treatment  with  nascent  hydrogen  (Overbeck,  ibid.,  cxl  39). 

By  the  action  of  nitrous  acid,  oleic  acid  h  converted  iuto  an  isomcride  of 
higher  melting  point,  elaidie  amid.  To  prepare  tlua  anbatauce,  the  nitroue 
famea  erolved  on  beating  starch,  augar,  or  ameniona  anhydride  with  nitric  add 
are  passed  for  a  few  minutes  only  into  pure  cooled  oleic  acid ;  after  some  time, 
the  elaidic  acid  crystallizes  out,  and  may  be  purified  by  washing  with  water  and 
crystallization  from  alcoiiol.  The  amount  obtained  in  this  manner  is  not  large, 
however  (Overbeck).  U  forms  fine  pearly  lamiutc,  melting  at  45^^  (i  13  '  F.);  it 
distila  nnchanged  in  an  atmusphei-e  free  from  oxygen,  but,  like  oleic  acid,  it 
grednally  absorbe  oxygen  when  in  a  fused  state.  Both  oldc  and  elaldie  adds 
yidd  a  misture  of  aeatate  and  palmitntu  on  fusion  with  potissic  hydrate  (Var- 
rentrapp.  ibid.,  xxxv.,  196):  JI /I ^KllO  =  C,,H„K(\  ^  t\H,KO,  + 
Klaidic  acid  combines  with  a  sin;j;le  mul  eular  proportion  of  brnmif.e. 

This  mode  of  decomposition  would  appear  to  favour  the  conclusion  that  they 
are  both  adds  of  the  formnla  C,,H.,.CH=CH.OOOH ;  hat  andi  an  aeanmption 
ia  to  a  great  extent  negatived  by  the  obienraUon  that  steaiolio  add  (l9i4)«-> 
wiiicli  is  formed  by  the  withdrawal  <rf  two  atoms  of  hydm^n  from  oleioacid — 
yields  sU'aroxylic  acid  when  oxidized,  and  that  this  latter  on  further  oxidation 
i»«  resolved  into  azelaic  acid,  C\H,^(COOH),,  and  nonylic  acid,  CgTI,j.C'()( 
The  most  probable  interpretation  of  this  behaviour  is  afforded  by  assigning 
the  fiillowing  fonnnls  to  tiicee  acids : 

C,H„.C  =  C.C,H,,.COOH  C,H„.CO.  CO.  CJI„.COOH 

Stcarolic'acid.  Btearoxjlte  adp. 

Meialiir  Oleate^. — An  alcoholic  solution  of  oleic  :in<i  Is  paid  to  ho  v.-ithont 
action  on  Utmo^.    LitUe  is  known  of  the  metallic  oleates,  as  it  is  dithcuit  to 
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prepare  them  in  ft  pure  sUte  on  aooonnt  of  the  tendency  of  oleic  acid  to  form 
aoid  :in(l  li.uic  jis  well  ns  normal  salts.  The  alkali  iTRt;il  salts  only  are  soluble 
in  wat^M- ;  the  others  are  Holuble  in  alcohol,  and  some  alj^o  in  ether.  lianr  olnrfe, 
(C^i[^0^)|Ba,  »eparate8  Irom  a  bulling  alcoholic  solutiou  (^u  cooling  as  a  bulkj 
white  crjatiftlline  powder. 

The  Malte  of  ekidie  aeid  eryetAlliae  mora  raodily,  tho  mdie  nilt  Mparating 
from  alcohol  in  large  glistening  plates. 

Olrinx. — The  only  ethereal  salts  of  oleic  ncid  which  have  been  investigated 
are  the  glyceric  olcates  or  oh  ins,  which,  as  Hertheh>t  has  shown,  jnay  be  pre- 
pared by  heating  glycerin  with  oluic  acid  at  200"  —  240"  {392° — 4^4**  F-)» 
it  wsareely  potaible  to  obtain  nnj  of  them  In  •  pare  atate ;  they  are  repreaeuted 
by  the  f<^wing  fbrmnln : 

OH  OH  0<'.,H«0, 

XonoldB.  VkMm,  TkloMn. 


Only  triolein  (oImb)  appeara  to  occur  naturally.  By  treatment  with  nitroua 
acid,  this  compound  is  converted  into  the  isomeric  ela'idin,  which  melts  at 
3 — 3^°  (^9°'^ — loo°'4  ¥.),  olein  being  liquid  at  temperaturea  above 
0°  (32'  F.). 

Doeglie  acid,  0^,11,^0,.  —  According  to  Scharltng  (ibid.,  zert.  236; 
JakrM^,,  1847—48,  567),  the  oil  from  the  doegling,  or  bottle-noaed  whale, 
oontaina  an  ethereal  salt  of  thia  acid,  analogona  to  apermaoeti;  the  add  itadf  ia 
very  similar  to  oleic  acid. 

Hraitsic  or  Eracic  arid,  A,. — The  glyceride  of  this  acid  is  the  chief 

oonritituent  of  rape  or  col/«%  oil,  tlie  oil  expressed  iron)  the  seeds  of  Brastica 
eau^f&tirit,  var.  olelfera,  and  alao  of  the  oil  of  blaek  and  yellow  mtutaid*aeed. 
To  prepare  the  aeid,  rape  oil  ia  aaponified  with  litharge*  and  the  reratting 
plaater  ia  thoroughly  extracted  with  ether ;  the  re^idne,  consisting  of  plnmbio 
erucate,  is  treated  with  liydrochloric  acid,  and  the  acid  thus  formed  purilied  by 
crystallization  fiom  alcohol  ( Hansekneclit,  Ann.  Chrm.  Pharm.,cx\'\\\.  40).  It 
crystallizes  in  long,  thin,  brilliant  white  needles,  melting  at  33** — 34°,  insoluble 
b  water,  bat  very  eolable  in  ether  and  atill  more  ao  in  aloohoL  It  gmdoally 
osidiiM  on  exposure  to  the  air.  It  is  not  altered  by  nitrona  add.  Erucic  acid 
combines  with  bromine  to  form  a  dibromide,  which  w  converted  again  into  the 
parent  acid  when  submitted  to  the  action  of  nascent  hy«*rogen  (Otto,  Ann. 
Chem.Pharm.,  czxxv.  226).  According  to  Otto,  eracio  acid  doea  not  furniab 
any  acetate  on  fuaion  with  potassic  hydrate. 

(1891)  Haloid  dbrivatitbb  oi  thb  Acids  or  tbi  Acrylic 
SsMift. — ^A  namber  of  these  bave  been  obtained  chiefly  by 
methods  analogous  with  those  which  aie  employed  ia  preparing 
haloid  derivatiTes  of  the  ole6nes — i,e.,  by  withdrawing  the  elements 
of  a  molecule  of 'haloid  acid  from  di-  or  more  highly  substituted 
haloid  derivatives  of  acids  of  the  acetic  series,  or  by  combining 
acids  isologous  with  the  acids  of  the  acrylic  series  with  the 
halogens  or  haloid  acids.  Dcraaryay  has  prejiared  several  chlori- 
nated acids  by  acting  on  methyl-  and  other  de^rivatives  of  ethylic 
nootoacctate  of  the  form  CH3.C0.CH(C„H,,„^,)  (  OOC^H,^  knd 
C  ,Li^.CO.C(C^H^^j)j,COOCgH,    with   phosijUoric  peutachloride 
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and  heatiog  the  product  {Compt.  Rend.,  Ixxxiv.  1087).  At 
present,  howe?er,  we  have  little  knowledge  of  any  except  thooe 
derived  firom  acrylic  acid. 

(1893)  Cklobaoktuo  Acids;  a-CkloraeryUe  aeid^  CHCl=lCH.COOH, 
u  bertobtained  by  acling  00  ethylio tricblorokctate  (1804)  with  nascent  hy(lru;^u 
from  zinc  and  liyilri>«-liluric  acid;  it  is  alsci  prodiiwd  when  chloralide  (1805)  in 
similarly  treated  (Wallach,  Ann.  Chcm.  cxciii.  28  ;  Dcut.  rliem.  (wtx. 

Ber.f  X.  569,  2 131).  It  cryUiiiizea  in  plates  melting  at  85'  (185  F.;. 
moderately  aoluble  in  water ;  when  boiled  with  a  eolation  of  bario  hydrate,  it 
yidde  inalonie  acid  (IMnner). 

P  Chloramyiic  adl,  CIT^— rC'l.COOIT.  it  produced  on  heating  etlivlic 
o^-dichloropropionate,  CH^Cl.CHCl.CHX  Hyi^.  with  a  solution  of  bari.- 
hydrate.  It  cry.Htallizes  in  thin  needles  (grouped  in  bundles,  wliidi  melt  at  O5 
(i49°F.)i  when  heated  above  the  melting-point,  it  gradually  btrcoin«t  solid 
and  inaoluble  in  water.  It  ia  converted  into  carbacetosylic  acid  (1820)  when 
digeated  in  aqueous  aolation  with  argentte  hydrate  ( Werigo  and  Werner,  ihid, 
X,  1499;  Cham,  Pkarm.^cXxx.  170). 

An  acid,  which  ironi  it-<  mode  of  formation  should  possess  the  some  formula, 
ia  obtained  on  boiling  the  silver  s  ilt  of /S'-diciiloropropionic  acid  (1769)  with 
water,  but  it  ia  Mud  to  be  liq'iid.  Thi«  acid  readily  combines  with  liydrochloric 
acid,  rorming  /3^*dichloropropioaie  acid ;  and  by  the  action  of  nascent  hydrogen  in 
acid  solution,  it  is  cx)n verted  into  fMioplonio  acid  (Otto  and  Beckurta,  DaU,  chem. 
Oes.  Ber.,  x.  1948). 

a*'Diclilontcrt/lir  acid,  CCl.T^CH COOII. — Accordin-,'  to  Wallarh  (A>i.t. 
Chom,  Fhann  ,  czciii.  19),  this  acid  is  formed  on  reducing  chloralid  witn 
naaoaot  hydrogen.  It  crystallizes  in  fine  niedlea  or  priaais,  melting  at  77"^ 
(170^*6  F.).  but  if  heated  to  above  the  melting-point  and  then  quickly  cooled 
and  again  iused  it  melts  at  64*  (147**2  F.).  It  is  remarkable  that  it  does 
not  coiiibine  with  bromine  even  at  200"  (392'^  F.).  When  j^eiitly  heated  m 
aqueous  solution  with  bario  hydrate,  it  is  apparently  converted  into  chlonn 
propiolic  acid,  CCl=C.COOH,  which,  however,  very  readily  undergoes  decom- 
position into  carbonic  anhydride  and  spontaneonaly  inflammable  chbracetylene 
{Deut.  ekem.  Cht,  Bet,,  xii.  57).  Bennett  and  Hill  {ibid.,  xii.  655)  have 
obtained  an  isonn'ric  dichloracry lie  acid,  which  probably  therefore  has  the  tormula 
CIIC1~('<'1.('()011,  by  the  action  of  alkalies  on  mucfK;hlonc  acid  (1923). 
It  crystallizes  in  very  volatile  small  rhombic  prisms,  meUitij^  at  86*^  (186  '0  F.). 
When  boiled  with  baric  hydratu  solution,  it  behaves  in  precisely  the  same 
nanner  aa  the  eorreaponding  dibromo-acid. 

(1893)  Bromacbylic  Acids;  a-BromaergUe  add,  rHBrT~CH.COOH, 
obtained  by  the  action  of  nascent  hydrogen  on  tribromolactic  chloralid  (p.  894) 
crystallizes  in  fine  needles,  melting  at  ii6°(240°*8  F.).  It  combines  with 
bromine  (Wallach). 

fi-Bromacrjflie  and,  CH^nCBr.COOH,  prepared  from  /3'-dibroirf!pro- 
piooic  acid,t  crystallisee  in  rectangular  pbitea  melting  at  70°  (isS**  F.) 


*  This  acid  is  usually  termed  the  /i-acid  and  the  isomeric  acid  the  a- acid  ;  it 
ia  here  termed  the  a-arid  in  accordance  with  the  ayatem  indicated  on  p.  86 1 
(tbot-note),  and  aa  bdng  a  member  of  the  a-aerieaofdi-derivativea  of  ethylene. 

f  In  preparing  this  acid,  an  amorphous  insoluble  colloidal  substance  of  the 

empirical  formula CJI^O^  is  frequently  produced;  in  f.iet,  tlie  acrylic  compounds 
generally  are  hi;^Mily  prone  to  undergo  conversion  iuto  bodies  of  this  kind 
(comp.  W  agner  and  TuUens,  ibid.,  clxxi.  355)* 
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(PhniiiH  and  Tollem,  Ann,  CAern,  Pkarm.,  dni,  333).   Aeeording  to  If^agnar 

and  TolleuR  (ibid.,  clxxi.  340),  o^-dibromopropHMlic  acid  yMs  a  bromacrylio 
acid  which  resembles  that  from  the  ^'•acid  in  every  particular  except  that  the 
potastiic  salt  of  that  derived  from  the  former  cryHtallizes  in  rhonihic  tablets,  and 
the  potaiMic  salt  of  that  derived  from  tho  latter  iu  rectangular  plates.  Tht 
■ddii  hdm  UiUh.  mnasem  emnbins  witit  bjdroliraiue  sctd,  forming  ajS-dibNino- 
propiobio  add. 

afrDibromacrylie  aeid,  CBr  "CH.COOH,  formed  by  boiling  an  aqueous 
solution  of  tribromosoccinic  acid  (Fittig  and  Petri,  ibicL,  cxcv.  70),  and  by 
combining  broraopropiolic  arid  with  hydrobromic  aeid  (Hill),  erystallixes 
water  in  large  glitttening  plates,  melting  at  86  (iS6°'8  F.). 

afi-Dibromaerylic  tiid,  CHBrlzCBr.COOH.— An  add  whidi  pralbaUy 
hart  this  formula  is  oMainsd  by  decomposing  muoobromic  acid  (1923)  with 
baric  hydrate  solution  :  C,H^r,0,  +  OH,  =  C,H,Br,0,  +  HCOOH  (Jackson  and 
Hill,  Deut.  chem.  Ges.  Ber.,  xi.  1674;  xi.  658).  It  crystallizes  from  ethor 
in  small  rhombic  prisms  of  the  same  melting-point  as  the  a'-acid.  By  boiling 
with  baric  hydrate  solution,  it  is  resolved  into  hydrobromic  acid  and  bromo- 
prbpiolie  add,  CBcsCGOOH ;  the  latter,  bowevar,  is  partiaDy  oonTcrtad  int* 
bffomacetylene  and  carbonic  anhydride,  and  partially  into  malooic  acid. 

(1894)  Haloid  dbbivatites  of  the  Anns  of  rns  formtla 
(Ml  .('OOlf. — Two  isomeric  monochlorocrotonic  acids  are  obtained  by  the  action 
ul  phosphoric  pentachloride  on  ethylic  acetoacetate  and  treatment  of  the  product 
wttti  water,  Ac.  (p.  9 1  o);  one  of  these  volatilises  readily,  the  otbsr  with  dilBealtj, 
fn  a  carrent  of  steam.  The  Ices  volatile  or  ^ehlorociotmiic  aeid  crystalliiea  im 
nionocHnIc  prisms  melting  at  94°*5  (202***l  F.),  and  boiling  at  about  a  1 2° 
(4i3'^  6  F.).  It  is  easily  soluble  in  hot  water,  alcohol  or  ether.  Accordintr  to 
(Itnitlicr,  it  loses  the  elt'nient.s  of  a  molecule  of  hydrochloric  acid  when  heated 
with  |)utas«ic  hydrate  solution,  being  converted  into  tetrolic  acid  (comp.  1910). 
As  it  is  oonTcrtcd  into  eratonic  add  ( 1 88  7 )  by  t  he  jirtion  of  naseent  by  d  rogen  from 
sodium  amalganoi,  a-cUorocrotonie  add  has  the  formula  CH ,.CC1:^CH.000H. 

The  isomeric  i!^-chlorocrotonic  acid,  termed  by  Geuther  chloroquartenylio 
arid,  18  difficultly  soluble  even  in  hot  water ;  it  melts  at  59**'5  (139*'!  F.), 
and  boils  at  195^  (3^3°  !*•)•  ^n  treatment  with  nascent  hydrogen,  it  is 
converted  into  isocrotonic  acid.  It  does  not  yield  tetrolic  acid  wlien  treated 
with  pMsesic  hydrate  eolation.  It  hae  ahnaady  been  pdnted  out  (p.  958)  that 
erotonic  and  isocrotonic  adds  probably  have  the  same  formula,  and  if  this  be  the 
caie  we  roust  represent  these  two  chlorocrotonic  acids  by  the  same  formula. 

A  third  chlorocrotonic  acid  is  obtained  by  reducing  the  trichlorobutyric  acid 
funned  on  oxidatirm  of  trichlorotetraldehydrol  (1632  ;  Sarnow),  or  by  the  action 
of  |)otassic  cyanide  on  an  alcoholic  solution  of  the  latter  compound  (Wallach,  ibid., 
X.  1529).  Althongh  somewhat  similar  in  appearance  to  Uie  a-add,  it  mdto  ak 
9l'*'S  ^-  (207°'5  ^•)>  not  yield  tetrolic  add  when  snbmittcd  to  tho 

action  of  potassic  hydrate  (Kahlbaum,  ti/rf,,  xii.  2335;  comp.  190c). 

Chloromtthacri/lic  acid,  CHClr~C(CH  j.COOH,  is  one  of  the  products  of 
the  action  of  chlorine  on  citra-  and  mefaconic  acids  (1898).  It  crystallizes  from 
water  in  long  cokiurlees  needles  melting  at  59**  (138^*2  F.).  The  trichloro- 
bntyric  add  formed  by  combining  this  acid  with  chlorine  yields  dicblonmieth* 
acrylic  acid,  CC1^C(CH,).C00H,  when  deoompcaed  bj  slkalies  tOottIieh» 

Alorawski,  Jour.  pr.  Chem.  [2''.  xii.,  1,  369). 

Bromomtthacrylic  acid,  C'l  1  ljr~C(CH,).COOH,  is  obtained  in  a  .similar 
manner  by  boiling  the  aqueous  solution  of  the  dibromo-acids  formed  by  com- 
bining dtra-  and  meeaconio  adds  with  bromine  (comp.  Fittig  and  LandoU,  Ann, 
Chem.  PAarm,,  dxixviii.  84  j  Morawsld,  kc,  oAL).    It  oystallises  in  long  flat 


Digitized  by  Google 


189^.]  .  FUMABIC  ACID.  967 

needles,  melting  at  65®  (149°  F.)  ;  it  ia  converted  into  iaobutyric  acid  by  the 
action  of  nascent  hydrogen  I'rom  sodium  amalgam.  Di-  and  tribroroomethacrylic 
Acidfl  have  been  prepared  by  Cahours  {Ann.  Chem.  Pharm.,  Sup.  ii.  349). 

A  broinocrotonic  acid  is  formed  by  the  action  of  alkalies  on  the  dibromo- 
butyric  acid  resulting  from  the  combination  of  crotonic  acid  with  bromine;  at 
the  same  time,  however,  a  portion  of  the  acid  is  decomposed  into  bromopropylene, 
hydrobromic  acid,  and  carbonic  anhydride  (Korner,  ibid.,  cxxxvii.  234). 

1 

§  VIL    Acids  op  the  C^H^n-i  (COOH),  Series. 
(1895)  The  following  terms  of  this  series  are  known  : 

Maleicacid   )  CH.(COOH). 

Pumanc  acid  J       »  *^  '* 

Citraconic  acid  ^ 

Mesaconic  acid   (  c.H,{COOH), 

Itaconic  acid   I  •  *^  z 

Crotaconic  acid   / 

Hydromuconic  acid   C^H^(C(X)H), 

Xeronicacid  .  v  •  •  •  •  I  nH^(COOH) 
Hexahydrophthalic  acid  .  .  .  .  j  •  / 
Camphoric  acid   C.H^/COOH), 

Those  of  the  formula  CgHjlCOOH),  and  C3H/COOH)2  are  strictly 
homologous^  hut  the  remaining  acids  represent  very  different 
typea. 

(1896)  FuMARic  Acid:  C,H,0^=COOH.CnzCH.COOH.~ 
Pumaric  acid  occurs  naturally  in  a  number  of  plants,  as  Fumitory 
{Fumaria  officinale),  Co}'ydalis  bulbosa,  Lichen  islandicus,  several 
species  of  Boletus,  &c.  It  is  produced  on  boiling  malic  acid  with 
fuming  hydrochloric  or  hydrobromic  acid  (comp.  1855),  but  is 
mott  conveniently  prepared  by  heating  this  acid  at  about  140*^ — 
150°  (284*^ — 302°  F.)  for  a  considerable  time  until  water  is  no 
longer  given  off.  Werigo  and  Tanatar  have  shown  (ibid.,  clxxiv. 
367)  that  a  small  quantity  of  fumaric  acid  is  formed  together 
with  optically  inactive  malic  acid  on  heating  cthylic  aj3-dichlo- 
ropropionate  with  an  alcoholic  solution  of  potassic  cyanide. 
According  to  Carius,  "  trichlorophenomalic  acid,"  obtained  by 
the  actiou  of  chlorous  acid  on  benzene,  viclds  fumaric  acid  wheu 
decomposed  by  boiling  with  baric  hydrate  solution  (Deut.  chem. 
Ges.  Ber.f  iv.  928)  ;  if,  as  Krafft  has  stated  (foot-note,  p.  795), 
"  trichlorophenomalic  acid  "  is  none  other  than  trichloroquinol, 
this  method  of  formation  is  of  especial  interest. 

Fumaric  acid  crystallizes  in  colourless  prisms,  sparingly  soluble 
in  cold,  but  readily  in  hot  water ;  if  heated  in  a  narrow  glass 
tube,  the  greater  part  sublimes  without  melting  at  about  250  — 
a8o°(482°— 536^  F.),but  if  distilled,  it  for  the  most  part  decom- 
poses into  water  and  malcic  anhydride.    By  heating  it  with  a 
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•large  quantity  of  water  at   150°  (302°  F.),  the  greater  part  is 
converted  into  inactive  malcic  acid  (coinp.  p.  9+1);  on  the  other 
hand,  if  maleic  acid  is  heated  with  a  small  quantity  of  water  at 
180"  (356**  F  ),  it  is  almost  completely  converted  into  fnmaric  acid 
. (Jungfleisch,  Bull.  Soc.  ('hem.,  xxx.  147). 

(1H97)  Maleic  Acid:  C,H,Og=C00II.CH— CH.COOH.— 
This  acid  is  formed  together  with  fumaric  acid  on  distilling  malic 
acid  ( 1 863) ;  and  also  on  heating  afgentic  succinate  mixed  with 
sand  at  about  108^  {226^-  4  F.)  (Bourgoin).  To  prepare  the  pure 
acid,  malic  acid  is  completely  converted  into  maleic  anhydride  bjr 
repeated  distillation,  and  the  latter  is  then  hoiled  with  water. 

Maleic  aoid  is  easily  soluhle  even  in  cold  water,  from  which  it 
crystallises  in  oblique  rhombic  prisms  melting  at  130^  (266^  F.); 
it  decomposes  on  distillation  into  water  and  maleic  anhydride, 
Maleic  acid  exhibits  the  greatest  tendency  to  undergo  couTersion 
into  the  isomeric  fumaric  acid,  this  change  taking  place  when  it 
is  heated  for  some  time  at  about  its  iflelting-point,  or  when  it  is 
boiled  with  dilute  nitric  or  sulphuric  acid.  If  the  finely  powdered 
acid  be  shaken  with  a  cold  saturated  solution  of  hydrobromic  add, 
it  rapidly  dissolves,  but  almost  immediately  crystals  begin  to 
separate,  and  in  a  few  minutes  the  liquid  soliiUfies  to  a  pasty 
mass ;  if,  after  removing  the  mother-liquor,  the  mass  of  crystals 
is  treated  with  cold  water,  a  part  dissolves,  leaving  a  residue  Of 
fumaric  acid,  that  which  has  dissolved  consisting  of  monobromo- 
Bucciuie  acid.  Precisely  similar  results  are  obtained  with  maleic 
anhydtiilc.  In  hotli  eases,  the  two  products  arc  obtaine<l  in  a 
constant  proportion  even  when  very  dill'crent  amounts  of  hydro- 
bromic acid  are  employed,  and  it  would  almost  appear  that  a 
compound  of  the  formula  COOII.C',H,.rO.O.CO.aH.5Br.COOH 
is  produced,  which,  however,  is  at  once  decomposed  by  pure 
water  (comp.  liij^);  Fittig  and  Doru^  Ann.  Chem.  Fharm,, 
clxxxviii.  87). 

Maleic  and  fumaric  acids  readily  combine  with  nascent 
hydrogen,  being  both  converted  into  succinic  acid ;  their 
behaviour  with  bromine  and  hydrobromic  acid  has  already  been 
described  (1855) ;  the  same  products  are  obtained  from  both  on 
electrolysis  of  solutions  of  their  potassic  salts — ^vix.,  acetylene, 
hydrogen  and  potassic  carbonate.  Fumaric  acid  is  converted 
into  fumaric  chloride,  CjHj|(C0Cl)2,  by  phosphoric  pentachloride ; 
maleic  chloride  is  not  known.  The  two  acids  ditfer  in  crystalline 
form,  amount  of  water  of  crystallization,  and  solubility.  Maleic 
acid  is  not  precipitated  by  argentic  nitrate,  but  a  neutral  maleate 
yields  a  white  precipitate  which  becomes  ciystalline  on  standing ; 
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even  very  dilate  solatioDS  of  fumaric  acid,  however,  furnish  a 
white  amorphous  precipitate  of  argentic  fumaratc.  Ferric  salts 
do  not  produoe  a  precipitate  in  neutral  solutions  of  either  acid. 

Ethemd  salts  of  fumaric  acid  may  be  prepared  by  tlie  ordiaarj  methods  and 
bjr  dwtilltnif  tli«  oorrMpondin^p  malatet.  Maih^lu-  fumaraU  is  sefystaUine 
body;  it  melta  at  102'*  (215*6  F.),  and  boils  at  192'*  P.).  Elhylie 

fumaratc  is  an  oily  liquid;  it  boila  at  218°  F.).     Both  combine 

readily  with  broniiiu'.  Corresponding  maleat»!.<  are  lorined  by  acting  on  argentic 
nialeate  witii  methylic  and  ethylic  iodide  free  from  iodine.  liotli  are  liquid* ; 
mHhylicmaUatehaxU  at  205"  (401°  F.);  ethi/lic  maleale  at  225°  (437"  F.). 
On  merely  warming  with  a  little  iodine^  they  era  n«dily  and  completely  con- 
verted inU>  the  oorreeponding  fumaratec  (AneehiitK,  cilein.  Q§9,  Ber^  xlL 
22,  80). 

Maleic  anhi/Jridc,    .H,(C.,0JO. —  Doth  nialeic  and  fumnric  acid  are  wn- 
▼erted  into  thii>  compound  on  dj&tiliatiou ;  it  is  a  crystalline 
at  60°  (140  F.)  and  boiling  at  196°  (384°-8  F.).  lU 
•poads  with  the  finrmoU  O^J^O,  (Uuebner  and  Sehieiberi 
712). 

(1898)  Pybocitric  Acins.— No  less  than  fo^ 
of  the  formula  C,H^(COOH)j|  are  known,  three  oi 
UO"  and  me$aeonic  add — are  obtained  more  or  less  directiyH^«sM 
citric  acid. 

CUraconio  acid,  ClI,.C(000H)ziCH.COOH,  is  prepared  from  citraconic 
anhydridcp  which  is  obtuned  by  dixtiUing  citric  acid.  Chrdiitary  citric  add  is 
distilled  a^^  rapidly  as  possible  in  qoantitics  of  not  more  than  250  grama,  and  the 
oily  product  i.n  rectified  two  or  three  times,  the  portion  boiling  at  about  2 1 4** 
(4I7°'2  F.)  being  collected  apart ;  1000  grams  of  citric  acid  treated  in  this 
manner  yield  a  little  over  200  grams  oi  the  anhydride*  (cump.  Fittig  and 
Laadolt,  Amu  Ckem,  Pkarm.,  cUxxviii.  71).  If  the  anhydride  thus  obtained 
is  mixed  with  a  small  qoantitj  of  water,  it  is  soon  converted  mto  a  crystalline 
fluas  of  citmoonio  acid.f 

Mesaconic  arid,  C1I,.C(C()0]I)— CH.COOH,  is  prepared  from  citraconic 
anhydride  by  boiling  down  a  mixture  of  two  parts  of  the  aniiydride,  two  partb 
water,  and  three  parts  of  nitric  acid  of  sp.  gr.  1*074  (one  part  ordinary  acid  and 
Ibnr  parts  water),  until  red  fumes  are  cvoIvmI  ;  the  add  which  separates  fimn  the 
solution  on  cooUng  lequiriM  only  to  be  once  recrystslliied  from  water.  A  good  yield 
of  this  acid  may  aliio  be  obtained  by  evaporating  a  solution  of  citraconic  acid  in 
concentrated  hydrochloiic  acid  to  a  small  bulk»  and  rsorystallising  the  product 
from  water  (Kittig  and  I.andolt). 

Ifaconic  acid,  CiI^C\CUOII).CH,.COOII,  may  be  obtained  in  almost 

*  Citraconic  anhydride  is  not  the  immediate  product  of  decomposition.  The 

dtric  acid  is  in  the  first  place  re^olvci  into  water  and  aconitio  add  $  thie  latter 
then  breaks  np  into  carbonic  anhydride  and  itaconic  acid,  which,  however,  undergoes 
decomposition  and  yields  water  and  citraconic  anhydride.  A  considerable  quan- 
tity of  acetone  is  also  produced,  and  even  the  citraconic  anhydride  does  not 
distil  entirely  unchanged  (see  Xeronic  acid ;  1905). 

t  According  to  Bngdhardt  {Ann.  Ckmn.  Pkarw^Xix.  346),  asmallquanti^ 
of  citraconic  acid  (anhydride)  is  produced  on  dry  distillation  of  lactic  acid.  It  is 
also  formed  in  small  quantity  by  the  deotmiposition  of  pyruvic  add  (Bottinger, 
Jj€ut,  chem.  6'm.  Ber,,  is.  1823). 
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theotetieal  qoantitj  bj  heating  pare  cttnoonie  anbydrida  wift  9^3  rdmmm 
of  water  in  »  doted  Ycaael  for  <S— 8  honVa  at  1 50*'  (302"  F.) ;  Uie  aolotioa  ia  set 
aside  to  erystallize,  and  the  filtrate  from  the  crystals  u  afterwards  concentrated, 
and  whpn  it  no  lonj:,'er  deposits  crystals  of  the  acid,  it  is  mixed  tritbs  email 
quantity  of  water,  and  again  heated  as  before  ( Fitti;^  and  Landolt). 

Citraconicacid  crystallizes  in  large  glidtening  iuur-sided  prinrnd,  melting  at  80* 
(776*  F.),  ortraniely  M|Qble  in  water;  when  oarefully  heated  in  email  qoantity  it 
•hoAt  100*  (tig*  J j  it  ie  coBferted  into  itaoonie  Mid,  hot  00  distillation  it  is 
rt§AnHi  into  the  anhydride  and  water.  It  appears  to  be  appreciably  volatile  with 
▼apour  of  water ;  probably^  however,  it  doee  not  Tolatiiiw  aa  anch,  hot  aa  the 
anhydride  (Fittig). 

• '  Mesaconic  acid  crystallizes  in  fine  white  needles,  melting  at  203**  (395**'^)' 
aolttble  in  38  parti  of  water  at  1 4""  (57^  2  F.) ;  it  eablimei  nndeooinpoMd  ii  a 
temperature  a  few  Atgnea  abore  ita  flidting^pointy  bnt  ia  lOMlTed  into  flitrMonie 
anhydride  and  water  on  distillation. 

Itaoonie  acid  crystallizes  in  rhombic  prisms,  melting  at  161°  (32 1°'8  F.),  at 
about  which  temperature  it  sublimes  unchanged,  bat  it  al'*o  is  resoUod  into 
Oltraeonio  anhydride  and  weter  on  distillation ;  it  dissolvee  in  1 7  parts  of  water 

Citra-,  ita- and  maaaiOBie aoidareidily  combine  with  naaeent hydrogen,  and  on 
treatment  of  their  aqueous  solutions  with  sodium  amalgam  or  on  digesting  their 
alcoholic  sohitions  with  zinc  dust,  they  are  each  converted  into  niethylsuccinic 
(pyrotartaiic)  acid  (1847  ;  comp.  Bcittinger,  Deut.chem.  Ges,  Ber.,  ix.  1 821), 
0H,.C1I(C(X>H).CH^C00H.  They  combine  with  twomine,  howorer,  to  fam 
iaomerie  dihromo-aoida  of  the  fonnda  C,H^Br,(COOH),  (eomp.  p.  935).  Hm 
notion  of  chlorine  is  similar  to  that  of  bromine^  hot  the  reealting  dichlonHunds 
are  jiighly  unstable,  and  when  formed  in  presence  of  water  exchange  one-half 
their  chlorine  for  hydroxyl ;  ritra-  and  mesaconic  acids  are  thux  converted  into 
chlorocitramalic  acid,  C^II^Cl(0U)(C0OlI), ;  itaoonie  acid  forming  the 
ieomcrie  eUoriiamaiie  aeid.  Theee  aame  prodnete  appear  to  be  ibrmcd  by 
the  oomhination  of  the  pyrodtrie  acide  with  hypoehlorona  ad(|.  The  actioii  dT 
chlorine  OB  in  aqueous  solution  of  sodic  citraconate  takes  place  with  consi- 
derable energy,  mm  li  heat  being  developed,  and  l)esideH  chlorocitramalic  acid, 
tric!.lor()biit\ ric  aciil  and  trichloraeetone  are  ubtamed  in  considerable  quantity  aa 
end-pruducLb  ut  tiie  reaction.  Doubtless  a  part  only  ot  the  dichloro-acid,  which 
in  fint  inroduoed,  ie  oonTOrted  into  ehlorodtrimalie  add,  a  part  being  reeolvid 
into  chlorocrotonio  acid,  which  corobinci  with  ohlorine  forming  trichlorobufyda 
acid ;  the  trichloracetone  \»  probably  a  product  of  the  action  of  chlorine  on 
chlorocitramalic  acid.  Sodic  nie^aconate  and  itaconate,  which  arc  attacked  with 
much  less  energy,  furnish  an  almost  pure  product*  (Morawski,  Jour,  pr.  Ckem, 
[2}, vii,  158; X.  88 ;  xi.  450 ;  xii.  369 ;  Gottlieb,  ibid.,jjL).  Similar  bye-prodocta 
appear  to  be  formed  by  the  aetion  of  hnmine  on  eitraeoBie  aeid  in  a  nevtnl  or 
alkaline  solution.  The  behaviour  of  the  pyrocitric  acids  with  the  haloid  adda  hae 
already  been  described  (p.  935).  When  heated  with  a  concentrated  solution  of 
potattsic  sulphite,  they  all  lorm  the  same  sulphosalt,  ('JI.{('(>()K),(SO^K) 
(Wieland,  Ann.  (Jkcm.  J^harm.,  clvii.  34).  Concentrated  solutions  ol  potash 
eftra-  and  meaaeoBate  yield  ofdhiary  allylene  (methylacetylene)  CU^.C^CH,  on 
electrolyne;  potaane  itaeonato,  however,  fumiehee  aa  iaomerie  hydroeatlMMi 
(tf/Zene),  which  probably  has  the  formula  CH^^lClCH,,  as  it  ia  inoapablo  of 
forming  metallic  derivatives  (Aarland,  Jour.  pr.  Chem.  [2],  vi.  256;  vii.  T42). 

When  citraconic  acid  is  heated  with  nitric  acid  (sp.  gr.  1  '45),  a  violent  reaction 

*  It  would  appear  that  in  all  cases  citraconic  acid  enters  into  reaction  with' 
other  hodiee  much  more  readily  thaA  either  meaa-  or  itaoonie  acid. 
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takes  place,  and  a  small  quantity  of  an  oilj  product  is  obtained,  consisting  of 
tiro  sobstBOoes  which  may  be  separated  by  crystallization  from  alcohol.  The 
■Mke  soliible--tbe  eulyie  of  Baup — cryitaBiiee  from  chloroferm  in  laige^  mfj 
pBffect  prisms,  melting  at  gg^'^  (2 1  i^'i  F. ) ;  it  has  the  formula  Qfififlf  The 

second  bmly,  Baup's cfjft/y^,  cryiitallizes  from  boiling  alcohol  in  fine  needles,  melt- 
ing at  iSg""  (372°*2  F.) ;  its  composition  is  represented  by  the  formula  CgH^N^O,. 
Both  are  decomposed  by  potassic  hydrate  with  formation  of  brown  resinous  pro- 
dnote  (BMsetti  Ckm*  80c,  Jhur.,  1872,  xxv.  98). 

The  pyiMitrio  edde  ftirfhiifa  %  namber  of  weUoeryetaUiied  itUe.  Tbej  dUAr 
flOHMdeniUy  in  th^  behavienr  with'  fttnc  chloride,  a  neohfil  ■olation  of  mesa- 
conic  acid  behaving  exactly  like  a  neatnl  MMoioata  (oon^  Aeriand]^.  Ttie 
ethereal  salts  require  examination.  "■  ' 

The  constitutiou  of  the  pyrocitric  acids  will  be  discussed  later  on  (p.  985). 

(1899)  OBoiiAOOiriQ.Ain]>,iioiiiericrwith  the  pyrooitrieaeids,is  prepandftoih 
dilorocretonio  add  (iB.|i.  97**5  C),  by  aelng  on  tiM  etbjlio  lalt  of  this  aeid  with 
potassic  cyanide,  and  treating  the  resulting  potassic  cyanocrotonate  with  hydro- 
ehloric  acid.  It  i»  a  crystalline  body,  melting  at  1 1  9°(246**'2  F.).  which  is  distin- 
guished from  the  isomeric  acida  by  the  readiness  with  wliich  it  is  decomi><ised 
with  evolution  of  carbonic  anhydride  ;  this  decomposition  commences  at  about 
I30«— 135°  (266*— 275''  ¥.),  andtafcee  Jhioe  rapidly  at  140°  (284"*  F.),  at  which 
tempentove  neither  eitra*  nor  mcMaoonic  acid  yields  any  gas  (Ciaus,  Ann.  Chem. 
Pharm.  cxci.  68).  This  behaviour  pointe  to  the  formula  CH,.CHlzC  (COOH^, 
and  conseqnently,  if  crotaconic  acid  is  formed  by  the  mere  dinpiacement  of  the 
chlorine  in  the  chlorotbnic  acid  by  carboxyl,  the  latter  acid  should  bo  represented 
by  the  ft>nnula  C U^.C UiCCl.COOH.  But  if  this  latter  be  adopted,  it  is  difficult 
te  aooonnt  for  the  prodoetion  of  triearballylie  add  (1880)  from  the  ohloroerotoifib 
aeid  in  question,  and  on  the  whole  the  formula  CH,Cl.CHrCl{.COOH  would 
appear  to  be  the  most  probable  for  this  acid.  The  production  of  crotaconic  acid 
muttt  then  be  regarded  as  the  final  result  of  a  series  of  chano^es  analogous, 
perhaps,  to  those  occurring  in  the  formation  of  crotooic  acid  from  ally  lie  iodide 
(dOBfi  IHnner,  D9^.€kem,  Om.  Bet.,  xii.  3053). 

(1900)  Haloid  and  IIydroxy-derivatives  op  Maleic,  Fo- 

MARic  AND  THE  rvKociTRic  AciDs. — TIic  foUowiug  are  known  : 

Bromo'derivative*  of  Maleic  and  Fumaric  Acids. — The  recent  reiiearches  of 
Fittig  and  Petri  appear  to  show  that  only  two  acids  of  the  formuU  C,HBr(COOU), 
exiety  and  net  aa  haa  been  supposed ;  their  formation  haa  abeady  been 
described  (1855). 

liromomaleic  acid  crystallizes  from  water  in  large  well-formed  transparent 
prisms,  melting  at  126'  (262"'4  F.).  On  distillation  it  is  decomposed  into 
water  aud  broniomaleic  anhydride ;  when  boiled  with  a  dilute  solution  of  hydro- 
brooite  aoid  it  nndergoes  iaoinerie  change,  being  converted  into  bvomofomaiie 
aeid ;  on  treatment  with  a  aatniated  eolation  of  hydrobromie  add  attfaeordineffy 
tempentore,  it  readily  oombinee  with  it;  it  also  unites  with  it  at  ordiuary  tem- 
per at  ares,  80  that  in  all  reRpecb*  its  behaviour  is  analogous  with  that  of  ninl(>le  acid. 

Bromofumaric  acid  (Kokulo's  isobromomaleic  acid)  crystallizus  from  water  in 
large  thick  pUtes,  melting  at  178^  (352  '4  F.).  it  also  is  converted  into 
hnmiomalde  anhydride  on  dietillatfon ;  bat  it  is  only  slowly  oonverted  into  a 
dibromoeuccinic  acid  on  treatment  with  a  cold  saturated  eolation  of  hydrobromie 
acid,  and  it  also  unitee  mneh  more  ebw^  than  the  isonBerio  add  with  btominoi 
thus  resembling  fumaric  acid. 

i3oth  acids  lurnish  fumaric  acid  free  from  maleic  acid  on  reduction,  and  the 
eonversion  of  the  one  acid  into  the  other  may  be  effected  through  tlie  anhy- 
dride, ainoe  the  hitter  oombinee  with  water  to  fbim  hromomaldo  add. 
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On'  trMtnait  of  tbft  ehlofid*  oT  tb«  fornmla  C^CI(C0€1),  obteined  from 
tttiario  aoid  (p.  943)  with  water,  an  acid  \»  formed  which  haa  hitkerto  baen 
regarded  a»  chloromaUic  acid,  C  1{C1(G00H),  (Parkin  and  Dnppn),  but  thert 

is  no  piool"  that  tliis  U  not  clilorot'umaric  acid. 

An  acid  ol  tlie  formula  C,l{rj(C'C)OH),  is*  one  of  the  products  of  the  action 
of  brouiine  and  water  on  Aucciuic  acid  (coiup.  Fittig  and  Petri). 

ChtoroeUraeonie  a^d  ean  only  eaiat  in  aqoaous  aolotioo.  CkUroeUraeomie 
anhydride,  C,H,C10,,  is  formed  on  dittilliug  chlurocitramalic  acid  (1873);  il 
crystallizes  in  larj^e  phite*,  melting  at  lOO**  (212°  F.),  but  it  volatilizes  com 
pletely  at  rnmh  lower  temperatures;  it  dissolves  very  slowly  in  cold  waur 
(Swarts,  i^M//.  ^ca<i.  Jielg.,  1872,  xxxiii,  31 ;  Gottlieb,  Jour.  pr.  Ckem. 
[2j,  viii.  73.). 

Brwmocitraeome  anhydride,  C\H,l>rO,.  is  obtained  by  the  action  of  bro- 
mine on  pyrotartaric  ucid ;  also  on  distilling  dibromocitrapyrotartarie  noid 
(P-  9.35)'  ""'i  treating:  citraconic  anhydride  with  a  single  molecular  proper- 
tiiiii  of  bromine.  It  i»  said  that  a  dibromo-diriviitive  may  also  be  prepared  by 
this  latter  method  (Cahours).  Bromocitracunic  anhydride  dinsulve^  in  water, 
ibrming  the  corresponding  acid,  but  it  may  bo  cryitalliMd  fimn  boiling  water,  ao 
nnstafaie  ia  the  add,  aqparating  either  as  an  oil  whieh  ioon  adidiBei,  or  in 
glistening  plates  melting  at  98°  (2oS°-4  F.).  Bromocitract)nate!(  may  bo  pr»> 
pared  froMi  the  aqneouM  solution  in  the  ordinaij  nuuuMr  (Kekul^,  CSaboon, 

Lagennarck,  Zcitx.  Clicm.  [2],  vi.  291^;). 

Chluritaconic  acid,  C^lljClO^,  is  Ibrmed  when  aconic  acid,  C^HjO^,  is  heated 
with  fuming  hydrochloric  a<ad|  it  ia  a  oiystalline  body,  but  slightly  soluble  in 
cold  water,  and  when  heated  with  water  readily  ^lits  np  into  aconie  and  hydro- 
chloric acids.  BrowtUaeonic  acid,  C^ll^Hri)^,  is  formed  in  a  Kimilar  manner,  or 
by  healing  itadibromopyrotartaric  acid  alone  or  with  water,  and  behaves  nnularily 
(Swartn.  Jiufl.  Acad,  lielg.,  1872,  xxxiii.  31). 

Jlydrujufmaieie  acid,  C^H^O,  =  C,H(uii)^C0011),.— According  to  Hourgoin 
{CbmpL  Send.,  lzz?i.  1265),  thie  aeid  ia  produced  on  boiling  a  aoloUon  of 
argentic  bromomalatej  it  cryataUiiee  m  long  slender  needles,  oHily  aoUibla  in 
water  and  alcohoL 

JJihydroxiifumaric  acid.  (Ml^O^  =  (yOH)j(CUOH)j,  is  formed  when  fumjiric 
acid  is  oxidised  by  means  of  potassium  jiermanganate.  It  is  a  white  crystalline 
body  lese  aoluble  in  water  than  oxalic  acid  (Tanutar,  DeuL  chem.  Ges.  Ber., 
xiL  9293,  and  ziii.  159). 

Sydnxgdtraconio  and,  -  C,H,(OH)(COOH),.—  Chlorwntraconic 

acid  doe.-<  not  exchange  its  chlorine  lor  hydroxy  1  when  buiU'd  with  a  solution  of 
baric  hydrate,  but  hydroxycitraconic  acid  may  be  obtaini'ii  by  withdrawing  the 
elements  of  a  molecule  oi  hydrochloric  acid  from  chlorocitrauialic  acid  by  boiling 
ite  bario  salt,  either  with  water  alone  or,  which  ia  better,  with  a  aolntion  of 
faario  hydrate.  It  erystalliiea  in  large  prisma,  very  soluble  in  water ;  when 
heated  for  some  time  at  120**  (248°  F.)  it  is  converted  into  a  white  spongy  mass, 
which  slowly  dissolves  in  water,  forming  citratartaric  acid  ( 187  i)  ;  this  latter  i* 
also  formed  on  heating  the  aeid  or  its  baric  salt  with  water  at  120'  (248'  F. >. 
Hydroxycitraconic  acid  very  readily  combines  with  hydrochloric  aeid,  forming 
the  acid  of  the  fiormnU  C^P(OOOU), ;  this  butter  crystallitca  in  g]i«tenin$ 
rhombic  plates,  melting  at  161"  (321^*8  F.);  it  is  reconverted  into  the  psreni 
acid  by  heating  its  baric  salt  with  a  eolation  of  baric  hydrate ;  00  dry  distilla- 
tion, it  is  resolved  into  propionic  acid,  carbonic  oxide,  carbonic  anhydride,  anJ 
hydrochloric  acid  gases,  thus  differing  entirely  from  the  isomeric  chlorocitranudic 
add  (Morawski,  Jour.pr.  Ckem.  [2j,  x.  68  ;  xi.  430). 

HifdrtayUaeotne  aeid,  isoroerie  with  hydroxydtraoonio  add,  ia  obtained  in 
a  similar  manner  from  chloritamalic  acid,  and  by  the  addition  of  the  elementaof 
a  molecule  of  water  to  aoonio  add  (q.v.);  it  does  not  oiystaUiae  (GottUsb^  Jaar, 
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pr,  Ckem,  [2],  xi.  450).  No  haloid-  or  hydroxy'derivativet  of  mesaconio  acid 
an  knovrn. 

(1901)  AciPs  OF  THB  VOBMULA  C,H„0^. — The  only  acid  of  thin  foitnnk 
at  present  known  i*  hydromuronic  acid,  obtained  by  the  actiun  of  nascent 
hydrogen  on  chlorotnucouic  acid  (iSyS).  It  forma  long  Deedlea, melting  at  195° 
(^^f  F.)  (Limpricht). 

Km  pmnted  oak  on  pp.  885, 887,  sodie  a*hydroxypropionate  ia  decomposed  by 
healiiig,  with  Iom  of  the  elemanta  of  a  molecttla  of  water,  the  ranidua  ooniiMtiiig  of 
itodic  acrylate  and  of  a  aodic  suit  of  tlie  Hame  empirieal  composition  thia  latter, 
which.when  bronj^ht  into  contact  with  water,  rotobinen  with  it,  formini;  a  «o-call«i 
paradipimalate.  Wislicenus  roi^anls  this  so«lie  !4all  ;us  (h>rivod  from  3  diacri/lic  acidt 
C^ll^O^,  wliich,  however,  cannot  be  isohiteU  {Ann.  Chem.  Fharm.f  clxxiv.  285). 

(1902)  DiBTDBO-ACiDa  BBLATBO  TO  Itaooitio  Acid.<— In  thia  category 
areioduded  aooflic,  paraoonic  and  hydroxy  paraoonio  add,  whieh  are  roonobaaio 
acids  f  )rroed  by  the  withdrawal  of  the  elements  of  a  molecule  of  water  from 
hydroxyit^onic.  itamalic  and  itatartaric acid  (1871 )  respectively;  moeonie  add, 
homologous  with  aconic  acid,  may  also  be  described  here. 

Acojtic  acid,  C^H^O^.  is  beitt  prepared  by  neutralizing  a  solution  of  itadibromo- 
pyrotartarie  add  with  aodic  carbonate,  then  boiling  it,  and  again  neutralidng  it 
from  time  to  time  with  tlie  carbonate  until  one  and  a  half  molecular  proportiona 
of  the  latter  has  been  employed  ;  the  sodic  aconate,  which  crystaliizeit  from  the 
solution  on  cooling  in  thin  plates,  is  then  decomposed  by  dilute  aulphurtc  aeid 
and  Uie  auid  extracted  witli  etlier. 

Aeonie  add  wyatalliM*  from  water,  in  which  it  ia  very  soluble,  in  transi- 
parent  rhombie  prisma,  malting  at  164**  (3  3  7**3  F.) ;  it  oarbooisM  when  heated 
at  a  higher  temperature.  Its  aalta,  which  are  reprasented  by  the  gtMietal  for- 
mula CjHjO^M',  are  obtained  by  neutralizin'^  the  aqtieous  solution  of  thH  acid 
with  metallic  carbonates,  and  with  the  exception  of  the  silver  suit  are  easily 
aoluble  in  water  ;  metallic  hydrulen  cannot  be  employed  in  their  preparation, 
as  thay  at  once  give  rise  to  the  praduotion  of  hydroxyitaconataa.  By  boiling 
aeonie  aeid  with  an  exoeaa  of  barie  hydrate^  the  oxyitaoonata  first  pnxliioed  ia 
in  gi«at  part  raaolred  into  a  mixtura  of  formate  and  aueeinate  (eomp.  Maill/, 
ibid.,  clxxi.  155) 

Pararonir  urid,  CjlI^O^. — To  prepare  this  acid,  a  solution  of  itachloropyrotar- 
tarioacid  is  boiled  with  argentic  carbonate,  and  the  argentic  paraconate,C^li^AgO^, 
whieh  erystalliiaa  in  neadlea  aa  the  liqaid  oooU,i8  decompoaed  with  hydrie  sulphide. 
It  is  crystalline,  hot  very  soluble  in  water.  The  parsconates  may  be  obtdned 
by  decomposing  a  cold  solution  of  the  silver  salt  with  metallic  chloridea ;  by 
heating  their  solntions.  they  are  converted  into  acid  itamalates  (Swarts). 

Mydroxyparaconic  acid,  C,H^Oj. — The  calcic  salt  of  this  acid  is  formed 
on  bmling  an  aqueous  solotioa  (^chloritamalie  acid  (Morawski,  Jour,  pr,  Chem. 
[a],  xi.  450). 

The  relation  of  these  three  adda  to  each  other  and  to  itaoonie  add  ia 

indicaled  by  the  following  formalm: 

CH,  CH.O  CH..0  CIL--0 

II  Hi              II  I  I 
C.O0OH  C— 00           CH-CO  C(OH).00 

III  I 
CII^COOII        CH,.COOH      CH,.COOH  CH,.COOH 


lie  offMl,  C,^i/)4.  ia  fomed  on  adding  argentie  oxide  to  a  hot  aqueona 

solution  of  dibromadipic  acid  from  hydromaoonic  add  (1855)  ^^^^  ^  ^be  brown- 
black  colour  of  thn  former  disappears,  then  removin;;  the  di>solve<J  silver 
bv  means  of  hydrochloric  acid  or  hydric  nulphide,  and  concntratinij  the  filtered 
solution  on  the  water  butb  \  it  crystallized  iu  large  monocliuic  prisms,  easily 
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•olnUe  in  wdktr»  When  boiled  wiOi  aa  cmfof  a  toliitfaikQflttioB7M«»ii  k 
iMolvad  into  acetio  and  •oeeiiuo  add  (Idmpriolit  aad  Delbniok,  ibuL,  clxr.  S74)  s 

CH.CO 

iU  +    aOH,  -  CH.  C.H,{c^H 

C,H^.COOH  C(X)H 

(1903)  Xbbomic  Acid:  C.II  0^  =  C^II,,(C00H),.— Citraoonic  anhydride 
liagina  to  daeompoae  at  about  150  (302°  F.)  with  ofolatioii  of  eatbonio  anliy^ 
dride ;  when  it  ia  diatilled,  the  greater  part  paaaea  over  at  aboat  2 1 4*  (4 1 7""'  3  F.), 
bat  the  thermometer  then  rises  graduallj  to  250°  (482°  F.),  and  an  oil  distiki 
over  which  is  a  mixture  of  citraconic  and  xeronic  anhydride*.  If  it  in  boiled 
for  about  two  hours  in  a  vessel  attached  to  a  reversed  condenser,  it  is  converted 
into  a  brown  viscid  syrup,  and  on  submitting  this  to  distillation  about  one- 
feorth  ia  obtained  boilrag  at  21 3"*— lao""  (41 5**  4— 428*  F.),  after  which  the  tbcfw 
BMMneter  gradually  risea  to  280°  (536**  F.),  a brown-yellow  oil  paanngoftr ;  much 
of  Uiia  is  volatile  in  a  current  of  steam,  but  a  portion  remains  as  a  brown  viscid 
maas  insoluble  in  ammonia.  Citraconic  anhydride  mixed  with  onlj  0D0>aixth 
of  its  volume  of  water  does  not  decompose  when  similarly  treated. 

On  diatiUing  the  mixture  of  xeronie  and  eitraconie  aohydridea  with  ateaa, 
tiia  former  paaaea  over  aa  a  heavy  oil  only  slightly  aolable  in  water;  in  the  fmn 
state,  it  boils  constantly  at  242**  (467**6F.),  and  remains  liquid  even  at — 18* 
(o***4  F. ).  The  acid  itself  does  not  appear  capable  of  oxistinjj,  rtlthough  it<< 
salts  are  readily  obtained.  The  anhydride  diHsolves  only  very  hlowly  in  a  cold 
solution  of  sodic  carbonate,  although  readily  soluble  in  a  hot  solution ;  if  the 
Bqnid  ia  aopecnturated  with  hydrMhbrio  add,  it  i«  at  fint  perfectly  dear,  bnt 
aoon  becoroca  tarbid  from  the  aeparatioii  of  the  anhydnde.  If  the  anhydride 
is  digested  at  a  gpntle  heat  with  water  and  calcic  carbonate,  and  tlie  filtered 
solution  is  then  boiled,  ra/rir  rerona fe,  i\}l^OyA+ OW^,  \s  dejwsited  as  a 
flocculeiit  precipitiite  whicli  soon  becomes  dtnse  and  crystalline.  The  baric  salt 
is  obtained  in  a  similar  manner.  Xeronic  anhydride  does  not  combine  either 
with  naaoent  hydrogen  or  bromine,  and  as  xeronio  acid  is  polymeric  with 
methacrylic  add  (p.  958),*  and  this  latter  acid  or  its  derivativea  are,  ander 
certain  circumstances,  readily  obtained  from  citraconic  acid,  it  appears  probable 
that  the  two  acids  are  related  in  the  manner  indicated  by  the  following  formuhe 
(Fittig,  Ann,  Chem.  Fharm.,  clxxxviii.  59): 

CH,  CH,.('(CH,)C(K)H  CIL.r(CII,)C(\ 

C(CH,).(^OOH        CH,.C(CH;)t"()OH  CH,.C(CH,)CO' 

Metliucr)iic- a«:i«j.  Xeronic  acid.  Zrronic  sohjdride. 

Hexydrophthalio  a^  the  iaomeride  of  leronio  add,  wiU  be  referred  to 
under  phthalic  add. 

(1904)  Camphoric  Acids:  C,gH(gO^=CgHj^(COOH)^— A 
number  of  modificatiooB  of  campboric  acid  bave  been  obtained 
wbicb  do  not  appear  to  differ  in  so-called  chemical  properties ; 
like  tbe  tartaric  acids,  they  are  distinguished,  however,  by  their 
behaviour  in  polarized  ligbt  and  other  differences  in  their  physical 
properties. 

*  The  polymerixation  of  methacrylic  acid  referrrd  to  on  p.  958,  ia  readily 

effectt><l  l>v  licatiiii,'  tlif  in  closed  tubes  at  130^(266''  F.).  It  is  complot^'ly 
converted  into  a  white  p)rccliun-iike  ma-ss.  whirh  swells  up  in  water,  liut  withuut 
dissolving.  This  product  is  scarcely  aUVcted  by  any  of  the  ordinary  rea^eiiU 
(Fittig,  DeuL  cAms.  Get.  B«r^  xiL  1739 ;        Cknu.  J?Aarm^  M>  .7o). 
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Dagkvettmpkfno  or  ordinary  campkotie  meid  it  famtA  \^  Oie  4»EidfttiiMi 
of  ordiDar/  Mmphor  with  nitric  acid.  It  is  oblttned  without  difficulty  bj 
heating  the  camphor  with  nitric  acid  of  about  i'3  sp.  gr,  for  several  days  on  the 
water-bath,  the  operation  being  best  performed  in  a  lar(?e  fla^U  havin<^  a  tube 
3—4  fl.  long  to  act  as  condenser  fitted  to  its  neck.  When  the  oxidation  \a  at 
an  Midy  at  thown  hy  the  evolution  of  led  (amet  oetMng  ahnott  entirely,  the 
liqnid  it  drained  fifom  the  solid  mass  of  aoid  and  nnosidiied  oamphor,  and  the 
latter  either  digested  with  a  solution  of  sodic  carbonate,  or  submitted  to  ateagi 
distillation,  in  order  to  separate  the  camphoric  acid  from  the  camphor ;  a  con- 
siderable quantity  of  camphoric  acid  is  also  obtained  on  evaporating  the  nitric 
aoid  solution. 

Otmpboric  and  it  sparingly  soluble  in  cold,  hot  moderately  m  hot  water, 

and  eatily  tolnUe  in  alcohol.  It  cry.stallizes  from  water  in  hard  semi-transparent 
prismatic  cryvtaltf  melting,  it  is  ordinarily  said,  at  about  176°  (348°'8  F.); 
according  to  Kaehler  {^Ann.  Chem.  Pharm.,  cxcvii.  92),  the  acid  purified  by 
conversion  first  into  the  soluble  baric  salt  and  then  into  the  insoluble  cupric 
salt,  and  repeated  recrystallization  from  water,  crystallizes  from  alcohol  in  large 
tnuq^arant  monoolinio  prisma  melting  at  178*  C.  (oorr.  180**7  ^')-  Bihw, 
howaver,  states  that  the  eorreoted  melting-point  ia  187^  (368**6  ¥,),  and  Ann- 
ttrong  finds  184®  C.  (uncorr). 

In  an  aqueous  solution,  or  in  acetic  acid  solutions  containing  from  3  to  12 
grams  per  1 00  ex.,  it  has  the  apparent  sp.  rot.  power  [ajg  =  46°;  but  its 
apparent  sp.  rot  power  in  dooholle  solationt  eontaining  from  2*5  to  19  grams 
per  100  cc  ia  [030  =  47**5  (I<Mdolt). 

Camphoric  acid  readily  dissolves  in  concentrated  sulphuric  acid  ;  on  the  addi- 
tion of  water,  camphoric  anhydride,  C,.HyOj,  is  precipitated.  If  the  sulphuric 
acid  Solution  is  heated  at  about  60"  (140  F.),  pure  carbonic  oxide  is  evolved 
and  so-called  suiphocamphoric  acid,  a  dibasic  acid  of  the  formula  ^^11},^,*  is 
pradneed  (comp.  KaehkMr,  Hid.,  obciz.  178).  By  fusing  camphoric  aoid  with 
potaaeie  hydrate,  ptmelic  aoid  (1849)  ia  obtained;  if  distilled  with  calcic 
hydrate,  it  yields  phoronc  (1684).  When  heated  with  bromine,  it  form^  a 
dibrotnide,  (',Ji,6^^'*/\'  ^''^'^"'^  crystallizes  in  ruby-red  prisms,  but  is  so  nnstalile 
that  it  decomposes  on  mere  exposure  to  the  air  into  bromine  and  camphoric  acid 
(Wreden.t&tc^.,  clxiii.330).  By  heating  camphoric  acid  with  a  large  exce^is  of  very 
eonoeatrated  hydriodie  acid  at  200* — 280*  (392^ — 536°  F.).  it  is  decomposed 
into  hexhydrometazylene,  C,H,,(CU,),,  and  earbonie  anhydride  ;  tetmhydrome- 
taxylcne,  C,Hj^,  is  also  produced  when  a  less  concentrated  acid  is  employed, 
A  hydrocarbon  isomeric  with  hexhydrometaxylene  is  formed  in  small  quantity  on 
dry  ditttillation  of  cupric  cam phorate  (Wreden,  ibid.,  clxxxvii.  156). 

Lavocamphorie  acid,  formed  by  oxidation  of  the  Isevorotatory  camphor 
from  oil  of  feverfew  {tfatriettria  paHAeriMm),  n  aaid  to  resemble  deztro- 
mmphoric  acid  in  all  respects  exc^'ptitig  that  it  has  the  power  of  rotating  the 
polarized  ray  in  an  opposite  direction,  but  to  a  precisely  equal  extent  (Chautard). 

Paracamphoric  arid. — On  tnixii(>;  tof^other  conoMitrateJ  alcoholic  solutions 
of  Isevo-  und  dextrocamphoric  acid,  considerable  heu(  is  developed,  au  abundant 
precipitate  of  optieally  inactive  paracamphoric  aoid  being  prodoeed.  The  same 
add  ia  obtained  by  oxidation  of  the  inaotire  camphor  of  oil  of  lavender.  By 
heating  this  acid  with  a  mixture  of  alcohol  and  sulphuric  acid,  the  correspond- 
ing ethylic  salt  is  obtaini'd,  but  on  saponification  this  yields  an  acid  which  diliers 
considerably  from  that  employed  in  its  preparation,  being  almost  insoluble  in  all 
ordinary  media  (Cliaulard,  (Jompt.  Mend.,  Ivi.  69S). 

Metocampborie  add, — On  heating  dextrooamphorio  acid  for  a  eonttderabla 
time  with  hydriodie  acid  of  ap.  gr.  1*6  at  about  160*  (320*  P.),  or  with' very  eoii* 
eenfaated  hydroehlorie  aoid  at  alwnt  140*  (284*  P.),  it  it  converted  into  the  mdr% 
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•olnble  0|illetny  inaetiTe  mesoMmplioric  acid.  Tins  acid  soparatP»  from  a  bo4 
concentrated  aqueous  solution  as  an  oil,  but  crystallizi's  from  a  dilute  solution 
in  fine  needles,  melting  at  113°  (235°*4  F.)-  It  apjx'ars  to  bo  lens  readily  con- 
verted into  the  anhydride,  being  precipitated  bj  water  unchanged  from  itn 
■olntion  in  eold  concentrated  aalpham  a«id{  the  anhydride  obtained  hj  heating 
it  above  ite  meltin^-p^nt  iceemblM  ordinary  camphofie  anhydride  in  oyalalltDe 
form  and  melting-point  (Wrctlen,  Ann.  Chem.  Pharm.,  clxiii.  323). 

A( cording  to  Jun<,'flt  i>!cU  {Bull.  Soc.  Chem.,  1873.  xix.  530),  if  campho- 
ric acid  is  iu'ated  with  water  at  180° — 220*  ^356° — 428'^  F.),  its  lot.ilorv  power 
is  alinotit  entirely  destroyed,  and  a  mixture  of  two  isomeric  acids  is  produced  in 
proportiom  varying  with  the  tMnperatore ;  they  are  be»t uppirated  by  ory^taUtin- 
tion.ftom  aoetie  add.  The  more  eoluble  acid  ic  probably  ncaocamphorie  add 
and  the  less  Hnluble  Chautard's  paracamphoric  acid  ;  by  repMited  rccrystalliz  ition, 
however,  the  latter  in  resolved  into  two  optically  active  modifications  of  equal  bat 
opposite  rotatory  i>ower. 

Synthetic  camphoric  acid. — By  oxidizing  the  camphene  derived  from  the 
monohydrodiloride  prepared  from  French -oil  of  turpentine  (1268)  with  ehivnnb 
aoid,  a  eamphor  is  produced  whieb,  like  natural  camphor,  h  o}>tically  active  bat 
IffVOrotatory  ([a]D=  ~I3°'6);  on  oxidizing  this  camphor  with  nitric  acid,  a 
Iwrororatory  camphoric  acid  (  [a]j,  =  —  6  5)  is  obtained,  which,  however,  melts  at 
'97°  (386"'-6  F.)  (Riban,  Ann.  Chem.  PAy*.  [5],  vi.  387).  By  treating  the 
optically  inastive  camphene  formed  by  the  action  of  sulphuric  acid  on  the 
terpenes,  an  inactive  earophorio  aeid  roeUinfif  at  about  202^  (395*''6  F.)  b  pro- 
duced (Armstrong  and  Tllden,  Jour.  Chem.  Soe.  Tranx ,  1879,  P*  757)* 
Dextrocamphene  from  the  monohydrochloride  from  American  turpentine 
yields  a  dextrorotatory  camphoric  aoid  havint;  similar  properties,  which  apparently 
i«  also  pro<luced  on  directly  oxidizing  the  mcuioit^  drochioride  prepared  from  Ameri* 
ean  turpentine  willi  nitrio  aeid  (ArauArong). 

(i905)Caiivho£IO  AnHTDBiDB,  Cj.HjP,.—Thia  body  ia  obtained  with  the 
greatest  facility  by  merely  diittitling  camphoric  acid,  or  by  disi«oIving  it  ia 
■ulphnric  acid  and  precipitating  with  water;  it  crystallizes  from  alc<ih.«l  in 
glistening  prisms  melting  at  217°  (422  6  F  ),  and  boils  above  270°  (5  16  F.) 
without  undergoing  decomposition.  It  in  converted  into  the  acid  only  by 
prolonged  boiling  with  water,  in  whieh  it  ie  slightly  eoluble;  bat  itNodi^ 
dissolves  in  alkalies,  at  once  undergoing  hydration.  On  treatment  with  pho^lioriB 
pentachloride,  it  yields  camphoric  chloride,  C'sHjJCOCI),,  as  an  oily  liquid  which 
decomposes  on  distillation.  When  triturated  with  baiic  peroxide  and  water,  it 
furnishes  a  solution  having  powerful  oxidizing  properties,  wh-c-h  Brodie  ascribei 
to  the  presence  of  a  compound  of  camphoric  peroxide  with  baric  oxide. 

The  anhydride  obtained  from  ayntiietieal  eamphorie  acid  has  a  h^[her  md^ 
ing-point  (234*0.)  than  that  from  or.linary  camphoric  acid* 

Camphoric  anhydride  combines  with  bromine,  forming  a  dibromide  which 
decoTn[M).ses  into  bromine  and  the  anhydride  on  mere  exiwsure  to  the  air;  but  if 
it  is  heated  with  bromine  at  110"* — 130°  (230" — 266°  F.),  it  is  converted  into 
hromoeamphorie  ankj^ride,  C^^H^^BrO,,  a  crystalline  substance  melting  at 
215*  (419*  F.).  This  eomponnd  eiehangee  its  bromine  for  hydroxyl  when 
boiled  with  water,  forming  hydroxycamphoric  ankffdride,  'C^H„(OH)0,. 
This  latter  body  possesses  somewhat  temarkable  properties.  It  crystallize 
from  alcohol,  in  which  it  is  Tuoderately  soluble,  in  needlos  melting  at 
200°  (392**  F.)  ;  but  when  crystallized  from  water,  it  forms  hydrated  crystals 
vhioh  heeome  anhydrous  mi  expoenre  over  sulphurie  aeid  m  ««evo.  By 
saturating  its  solution  in  anhydrous  alcohol  with  hydrodiloric  acid.  It  is  oon^ 
verud  into  the  ethylic  salt  C,^H,,(C,HJO^,  which  crystalKaes  in  thin  prisms 
melting  at  63°  (i45°'4  F.).   Corxssponding  metallic  ealta  are  readily  obtained. 
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TbafladmioMHftniittnnspareotprismsofibeoompofiii^  (C^J{^fi^)fid  +  3OH,. 
which  are  rendered  mbjdrous  by  hettiof^  at  100°  (212^  F.). 

By  heating  bromocamphoric  anhydride  with  a  concentrated  solution  of 
ammonia  at  150°  (302'' K.),  it  is  converted  into  amidocamphoric  anhydriHf, 
C,,H  (NH,)0^  which  cryiitaUizes  from  alcohol  in  loner  needlea  meltiug  at  208"' 
(406^  F.).  Amioetmpkorie  acid,  C,H,,(Nig(C001I),,  is  obldnfld  IwiliDg 
thw  oompovnd  with  %  dilute  lolutioD  of  potamto  hydrate,  1  it  orystallizee  in 
gliatening  prisms,  and  melts  at  160^  (32Q°  F.),  but  is  at  the  same  time  converted 
into  the  anhydride  and  water.  Amidocamphoric  anhydride  and  acid  aro  both 
converted  into  hydroxycamphoric  anhydride  wlien  boiled  with  a  conriMitrat«Hi 
solution  ot  potaxsic  hydrate,  or  HubuuLted  to  the  aotioa  of  uitrouii  acid  (Wreden. 
Jmm.  CAeM.  Pharm,,  elsiii.  330). 

(1906)  Amos  10EMn>  TOaETHEB  WITHCiMPHOBIC  AciD  BT  OXIDATIOX 

OP  Campho'r.* — Although  oamphoric  acid  is  the  chief  prodaot,  it  is  not  the  only 
acid  formed  on  oxidizing  camphor  with  nitric  acid:  the  mother-liquor  remaining 
after  the  camphoric  acid  has  been  separated  ait  far  as  possible  by  crystallization  con- 
tains, beeidee  a  farther  quantity  of  thix  acid  and  a  minute  amount  of  the  isomeric 
meeooBinphorie  arid,  eamphoronio  acid,  C,H,,Oj,  hydro-ozycamphonmie  aoidf 
C^H,^0,,  an  acid  of  the  formula  C^Hj.Oj,  an  a-jid  which  is  probably  represented 
by  the  formula  C,H,jOj,  so-called  dinitrohephtylic  acid,  C,H,gN,0,,  and  lastly  a 
^yrnpy  acid  of  unknown  formula.  The  separation  of  theM  acids  haa  been  deeoribed 
by  Kiudiler  [Ann.  Chem.  Pharm.,  cxci.  143). 

According  to  Kachler  {Ann»  Ciem.  PAarm.,  dzii.  267),  Berthelot*s  camphic 
aeid»  obtained  by  heating  eamphor  at  a  hi^  tempermtare  with  an  alooholio  eola- 
tion of  potasgic  hydrate,  consists  of  an  acid  resin  and  campbolio  acid,  C,,H|,0,; 
but  Moiitgolfier  (Ann.  Chim.  Phys.  5],  xiv.  5)  states  that  it  is  a  mixture  of 
camphic  acid,  Cj^Hj^O,,,  with  phoronic  acid,  0,^11^^,0..  Tho  propL-rties  a-ssij^ned 
to  the  former  are  so  indetiuite,  however,  that  it  may  be  doubted  whether  sucii  an 
noid  hme  been  eeparated  in  a  state  of  parity.  Aocording  to  the  latter  obeerrer,  if 
diy  air  is  passed  through  a  solation  of  eodium  camphor  («.«,,  the  mixtore  of 
sodium  camphor  and  Rodium  borneol  formed  on  treating  camphor  with  sodium) 
in  boiling  crude  xylene  (b.  p.  125" — 130°  C),  camphic  and  camphorii-  ac  ids  and 
a  rppin  are  produced;  but  it  a  mixture  of  fiodiuin  camphor  with  a  considerable 
amount  of  free  camphor  is  heated  in  sealed  tubes  at  280"  (536''  F.),  campholic 
aeid  is  prodneed.  Montgolfier  auppoees  that  the  formation  of  campholic  acid  in 
this  manner  is  the  nwnlt  of  the  action  of  the  camphor  ou  the  sodium  borneol. 

Campholic  aeid,  C,H„.  COOII,  crystallizes  in  thin  prisms  melting  at  106* 
(222*''8  F.)  ;  it  may  be  distilled  unchanged,  and  is  also  volatile  in  a  current  of 
steam.  Campholic  acid  has  a  considerable  dextrorotatory  power  ([ajj  -  49°'8). 
On  oxidation  with  nitric  acid,  it  yields  camphoric  and  camphoronic  acids,  the 
former  being  also  produced  on  heating  it  with  moist  bromine.  By  distilling 
potaHsic  caTn])]io]:ite  with  Kuda  Ume,  campAo&jM,  a  hydrooarbon  of  ^e  formula 
Cgli,,  is  })r{)duced  (Kariilor). 

Camphoronic  add. — According  to  Kachlor,  this  acid,  in  the  air-dry  state,  has 
the  formula  C^Hj^O,,  and  is  not  altered  by  heating  at  1 00"  (212''  F.)  j  but  if  it 
ho  ftiied,  or  heated  at  130°  (266°  F.),  it  loses  a  molecole  of  water,  heonttiing 
C,H„0^.   The  anhydrous  aeid  melU  at  1 15^  (239**  F.),  and  the  hydrated  add 


•  Bailo  has  recently  shown  (Deut.  c/iem.   Ges.  Ber.,  xii.  1597)  that, 
although  eamphor  is  not  oxidized  by  heating  at  100**  (212^  F.)  with  a  solution 
of  potassio  dichromate  and  sulphuric  aeid  (oomp.  1687),  it  undergoes  oxidation 
if  tiie  solution  be  boiled ;  the  produ(tts  are  the  aAme  as  when  nitrio  aeid  is  ^ 
caiplojed  (Kaehler,  ibid,,  ziii.  1487). 
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at  about  110°  (230°  F.).    Acoording  to  Kissling  {Inamff,  Dits,  Tubimg9m» 

1878),  the  body  ('  i»  tlie  true  acid;  but  this  loses  a  molet-ule  of  water 

on  heatinf;^  at  about  8o''(l76^  ¥.),  and  is  conwrteii  into  the  dehydro-acid 
0,11,^0^,  which  melts  at  137"  {il^^'G  h\)  jthe  latter  Tolatilizat  to  aa  appreciable 
extent  even  at  80^  (176'  F.). 

CHuiphoroniii  acid  iorms  white  uiicro*oopic  needles,  extremely  ttoluble  in  water, 
aloohol,  and  ether,  Ita  moat  charaekeriatic  salt  ia  the  baric  aalt,  which  is  precipi- 
tated on  boiling^  an  anniMNiiaoal  volution  of  tlie  acid  with  baric  chloride.  Tbia 
■alt,  according;  to  Kaohler,  has  the  formula  ^\H,lii»/'^  +  deprived  of 

a  molecule  of  water  by  heatin_r  at  165°  (329°  F.).  Hy  dig^stin;^  an  alcoholic 
•olution  of  the  acid  with  suliihuric  acid,  a  dicthylic  nait  of  the  formula 
C  Hj,0,(C,ll,),  is  produced  ;  tiii-s  salt,  however,  partijilly  deconiposct*  on  distilla- 
tion into  aloohol  and  a  nonefchylie  aalt  of  the  formula  <^V1  „(^V '  J'  ^  ^  derired 
from  the  dehydro-acid,  C,H„0, ;  this  monethylic  salt  id  aL<o  obtiined  on  submit- 
ting the  dicthylic  salt  to  the  action  of  acid  chlorides  (Ivisslin<^).  Carnphoronic  acid 
in  not  affected  by  nascent  hydroj^n,  but  on  fu^i()n  with  potaitsic  hydrate  it  yields 
butyric  acid  (Kachler),  beini;  decomposed  in  uccordanct)  with  the  equation 
(.!,H„0,  +  H,  +  H,0=  2C^H,U,  +  CO,;  according  to  Kiaaling,  however,  aoetio 
and  Mobntjrio  aeida  are  produced. 

The  acid  C,H„0.  is  not  altered  bj  bromine  tten  at  1$$"*  (27$*  F.),  battha 

hydrated  acid  C,H,^0,  ia  converted  by  ita  action  into  vryramphoromo  aeid^ 
C,H,jO,.  This  arid  crystallizes  in  large  prisinn  of  the  compOi«ition 
(',lf,.()^  4-  OH  .,  which  become  anhydrous  at  100°  {  2  I  2"  F.)  :  tlie  anhydrous  sub- 
ritanue  ineltti  at  210°  (410^  F.),  and  may  be  di:>tiileil  unclmngcd.  It  does  not 
appear  to  be  capable  of  exchanging  more  than  two  atoma  of  hydrogen  for 
metals  (Kachler).  According  to  MontgolBer  (foe.  eU.)^  eamphoronie  add  ia 
optically  active  (Ca>=  -  18°  42'). 

Ifi/dro-oxycampkeromeacid :  C^\l^(\. — This  acid  crystallize*  from  water 
in  larije  tiiciinic  prisms,  melting  at  164  5  (32H°*iF.);  it  is  moderately 
soluble  in  cold  and  very  easily  soluble  in  hot  water.  Hydro-oxy carnphoronic 
acid  appears  to  be  tribaiiic,  as  it  exchanges  three  atoms  of  hj'drogen  for  the 
eqaiTalent  amount  of  nwbd  on  treatment  witii  metallic  carbonatea.  When 
heated  with  bromine,  it  is  converted  into  a  new  add,  mating  at  226^(438^*8  F.); 
this  probably  has  the  formula  C^H^O,. 

Pkorouiv  arid,  C,Hj,0,,  is  almost  insoluble  even  in  boiling  water,  but 
very  soluble  in  alcohol,  from  which  it  crystallizes  in  thick  plates,  melting  at  169"' 
(336'''2  F.)  ;  at  a  higher  temperature  it  appears  to  distil  unchanged.  It  has  a 
oonaiderable  dextrorotatory  power  ( [ajg  «  -f  23°).  The  metaUio  phoronatea 
an  mostly  inaolable  in  water,  but  aolnble  m  alcohol  (Montgolfier). 

DinUrok^pktglie  add  f  C,H,.N,0,.— This  acid,  discovered  by  Kullhem 
{Ann.  Chem.  Pharm.,  clxiii.  231),  has  been  further  investigat^'d  by  Kachler 
{ihid.,  cxci.  155).  It  is  slightly  soluble  in  cold,  more  easily  soluble  in  hot  water, 
crystallizing  from  the  latter  in  white  laminae,  which  are  seen  under  the  micrO" 
aorape  to  conaist  of  rhombic  pUtea.  It  melta  at  215**  (419''  F.),  and  naj  ba 
vohtUtaed  unchanged  if  very  oaTefiiUy  heated,  but  if  quickly  heated  it  deoon- 
pocea  with  detonation.  Dinitrohephtylic  acid  acts  as  ft  monobasic  acid,  yialdiB|f 
a  number  of  well  crystallized  salts.  Hy  tlie  action  of  sodium  amalgam  on  itt< 
alcoholic  solutiun,  mononitrohephtylic  acid,  C^Kj^NO^,  is  produced,  half  the 
nitrogen  being  eliminated  as  ammonia;  this  Utter  compound  exhibits  the  beha- 
viowr  of  the  eo-called  pscudonttrols  (1204).  By  the  action  of  tin  and  hydro- 
chlorie  and,  dinitrohephtylic  acid  ia  decomposed  with  formation  of  methyllaiipro- 
pylketone,  CH,.CO.CH(CHJ,,  hydroxylamine,  ammonia  and  carbonic  anhy- 
dride ;  aikaliea  act  npoii  it  ia  a  aimilar  maanar.   Mononitrahephtijriio  acid  yielda 
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makliyliAopropylketone  and  hydrozjlMttine  wlien  daoompiMtd  by  nueflnt  hjdro^u. 
From  them  retefcions,  it  appears  probabb  that  dinltrohepbtjlic  is  a  derivative  of 
dimethethaoetac  amd  (Kachler) : 

C(N0J,.CH,  CH^CH, 

C(CH,)  OOOH  C(CH,),.COOH 
noitrahapBtjfttoMid.  DimetbethaoeCic  acid. 

(1907)  Constitution'  of  Camphobtc  Acid. — It  has  already  been  pointed 
OOi  under  camphor  ( p  792)  tl  at  the  formnl.-p  which  have  been  proposed  lor  this 
arid  do  not  satisfactorily  express  it^  general  beliaviour.  The  readineHs  with 
which  it  is  converted  into  the  anhydride  necetusitates  the  assumption  that  the 
carboxjl  groupe  are  associated  with  eontij^oi»  earbon  atoms  as  in  pHtbafie  add 
(q.  v.) ;  its  uonvarsion  into  hexhydrometaxylene  when  heated  with  hydriodio  seid 
(Wredeo)  renderH  it  highly  probable  that  it  is  a  derivative  of  this  hydrocarbon. 
The  most  probable  fonnulii?  for  camphor  and  camphoric  acid,  when  these  facts 
are  considered,  would  appear  to  be  the  ibllowiog  (comp.  Armstrong,  Deut.  ckem. 
0€9,  Ber,t  zi  1698): 

CH.  CHa  OH.  CHt 

/\                            /\                             /\  /\ 

VJC      CH  CH\           H,C      CII.COOH  CH  j.HC      CH.CHV  CU,.HC  CH.COOH 

  lll>0            II                                lll^  II 

CH,.HC      C(Cej.CH/  C1I,.HC     C(CH^.COOH           H,C       CH.CHX  H,C  CH.COOB 

N/  V  \/  .  \/ 

*~  CBg  CH.CH,  CU.CH, 

CuoplMrio  add.  OMBphgr.  OMaplUMie  aML 


On  the  Bopposition  that  camphoric  acid  is  represented  by  the  seoond  of  these 

ibrmulsB,  the  formation  of  a  body  with  the  properties  of  camphoronic  acid  may  be 
snpposed  to  take  place  in  the  following  manner^  the  dotted  line  indioating  the 

point  at  which  the  "  chain"  becomes  broken  : 

CH,  ClI(OH.COOH  CH.OH  CH,.0 

/  '  I  II 

CH.  HC      CH.COOH  CH.COOH  CH  COOH  CU.  CO 

H,C      CH.COOH  CH.COOH  CH.CfX^H  CH.COOH 

^^OH*  ia.CU(CUJa  >       CO.CH(CH0t  CO.CH(CHJ, 

Camphoronic  acid        Camphoronie  add. 

(Ki8*lin>f»).  (Kachl«r) 

The  formation  of  so  <  iillo<l  dinitrohephtylic  acid  may  also  be  expressed  with  the 
aid  of  the  same  formula  if  it  be  supposed  tliat  this  acid  lias  tiie  formula 
CH,(COOH).C(NOJ,.('H(CH,),,  whioh  differs  bnt  slightly  from  that  proposed 
by  Kaebler,  and  equally  well  represents  his  results*  The  assuniption  that 
cjimphoronic  acid  contains  a  Ketonic  group  isnot»  however,  alogetber  in  aeoooid 
with  its  properties. 

The  corresponding  formula  for  camphor,  it  will  be  said,  does  not  directly 
account  for  the  formation  of  eyroene  or  normal-propylmethylbenzene;  but  there 
can  eearoely  be  a  doabi  that  the  prodaotion  of  this  bydroeubon  involves  a  pro- 
found  isomerie  ohange,  and  admitting  even  that  camphor  contains  tbeO,Hy  gnmp, 
as  has  been  supposed,  tlie  whole  of  the  evidence  we  possess  goes  to  show  thatit 
must  oontain  iso  and  not  normal  propyl. 

i  VIIL  AciD»  OF  THB  C,H^- (COOH),  Sbubs. 

(1908)  AcoMiMC  Acid  :  CH(COOH)=C(COOH).CH,(COOH) 
gC,H,Q,.— This  acid  is  the  only  member  of  the  series 

•  Kis-slinuj  represents  camphoronic  acid  by  the  sli<;htly  diff-irent  formnla 
CH(01I)(COOH)CH,.CO.CH(COU1I).C1I(CHJ.^.  He  doubts  whether  it  can  ba 
formed  by  the  further  oxidation  of  camphoric  acid. 
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at  present  known.  It  was  originally  discovered  in  Aconiium 
napellus,  but  has  also  been  obtained  from  other  species  of  Aconi- 
ium, from  Delphinium  consolida,  and  a  number  of  species  of 
Equisetum  ;  from  the  juice  of  the  sugar-cane  (Behr),  &c.  It 
may  be  prepared  from  citric  acid,  either  by  heating  it  alone 
(comp.  Fawolleck,  Ann.  Chem.  Pharm,,  dzzviiL  150)^  or  by  passing 
a  current  of  hydrochloric  acid  gas  through  citric  add  heated  at 
140^  (284°  F.)  {H\xiuMB,Deut.  chem.  Get,  Ber.,  ix.  1751). 

Aconitic  acid  is  yexy  soluble  in  water,  from  which  it  ciystal- 
liiet  in  groups  of  small  white  ueedles;  it  melts  at  about  188° 
(370^-4  F.),  but  it  ia  difficult  to  determine  the  exact  point,  aa  in 
melting  it  partially  deoompOBes  into  itaconto  acid  and  carbonic  an- 
hydride (Belir,t^.,  ix.  35 1 ).  On  treatment  with  nascent  hydrogen, 
it  yields  tricarballylic  add.    But  few  of  its  salts  crystalliie  well. 

By  heating  dtric  add  in  sealed  tubea  with  concentrated 
hydrochloric  add  at  1 70^  (338  ^  F.)  Genther  and  Hergt  (Jour,pr, 
Chem.  [2],  yiii.  372)  have  obtained  a  dibasic  add  of  the  formula 
CgH„Og,  which  they  term  iHcofdc  acid ;  this  add  is  also  formed 
by  treating  aconitic  add  in  a  similar  manner. 

Under  the  name  of  aceconUie  acid,  Baeyer  has  described  an 
add  obtained  by  the  action  of  sodium  on  ethylic  bromacetate, 
which  is  apparently  isomeric  with  aconitic  acid  {Ann.  Chem. 
Pharm.f  cxxxv.  306). 

§  IX.  Acids  or  the  CnH^_,.COOH  Series. 

(19C9).  This  series  includes  tetrahydrobenaoic  add,  diallyl- 

acetic  acid,  and  the  following  homologous  adds  derived  from 

hydrocarbons  of  the  acetylene  series  ;* 


Tetrolicacid   C.Hj.COOH 

Soi  bic  acid   C,H..CC)OH 

Palmitolie  add   C„H,..COOH 

Stearolic  ncid   C,.H„.C(K)H 

Behenoltc  Mid   C;|H.C00H 

(T910)    Tbtrouc    Acin,   Methacetylenecarboxylic  add: 


C^H.O,  =  CH,.feC.COOH,  was  originally  prepared  by  Geuther 
by  decomposing  ethylic  q-chlorocrotouate  (1B94)  by  warming  it 
with  only  a  slight  excess  of  potasdc  hydrate  and  a  little  alcohol, 
&c.  {Jwr.  pr.  Chem.  [2],  iii.  448).  It  has  since  been  obtained 
by  the  action  of  carbonic  anhydride  gss  on  sodium  allylene,t 

•  Chloro  and  bromopropiolic  acids  ( 18^)3)  are  derivatiTCt  of  SMtyko^ 
etrboxylii^  acid,  11C^C  C(X)H,  the  lii  st  term  of  tlie  Keriea. 

t  Sodium  all^  lcne  is  oblained  by  the  action  of  sodium  on  an  ethereal  solution 
of  iillylene.   Whuu  iftoprupacetvlene  is  treated  with  sodium,  it  appoMi  to  jield 
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CHj.C^CNa  (Lagermark,  Dei/t.  chem.  Ges.  Ber.,  xii.  853). 
Tetrolic  acid  crystallizes  from  water,  in  which  it  is  very  soluble,  in 
transparent  rhombic  plates, melting  at  76°'5  (i67°7  >  according 
to  Geuther,  it  boils  without  decomposition  at  203°  (397°"4  F.),  but, 
according  to  Lagermark,  it  partially  decomposes  and  is  completely 
resolved  into  allyleneand  carbonic  anhydride  atabout2TO°(4io°F.). 
It  is  readily  decomposed  when  heated  with  potassic  hydrate  solu- 
tion, but  yields  Tolstile  products ;  probably  acetone  and  potassic 
carbonate  are  formed  (oomp.  XahllMiam^  tM</.,  zii.  2337). 

(191 1)  Soisio  Acid  :  C,H,0,  =  C^H^.OOOH^Thit  asid  it  a  amrtitmiit 
of  the  utiripe  benriei  of  the  moontain       (Sai^tu  miatparia),  II  ajftallizeo 

in  long  needles,  melting  at  I34'*'5  (374  'i  F.),  almost  insolaUe  in  oold,  but 
moderately  soluble  in  hot  water.  Sorbic  acid  readily  volatilizes  in  a  current  of 
•team.  On  distilling  it  alone,  it  lominences  to  boil  at  about  230"  (446°  F.),  but 
does  not  pass  over  entirely,  a  portion  undergoing  conversion  into  a  re«inout 
tnbstanoo;  the  odour  of  aoalddijdo  is  pcteeptible  during  the  dwfcillstion.  It 
very  readily  oombinet  with  two  atoms  of  hydrogen*  forming  hydroiorbic  acid 
(1889).  It  also  combines  easily  with  bromine,  forming  either  a  dibromide 
(dibromhydrosorbic  acid),  C^H^BrjO,,  or  a  tetrabrounde  (tetrabromocaproic  acid), 
CjHjBr^O,,  according  to  the  proportions  employed ;  these  compounds  both 
crystallize  well.  The  tetrabromide  is  reconverted  into  sorbic  acid  by  the  action 
of  nssoent  hydrogen.  Serine  add  is  less  readily  aeted  upon  by  potasMO  hydrate 
than  hydrosorbio  acid,  and  when  fused  with  it  does  not  appear  to  furnish  any 
characteristic  product  (comp.  Fittigand  Barringer,  .iMbCiem.  PAarm., olxi. 307  S 
Fittig  and  Kachel,  ibir/.,  dxviii.  276,  cc.  55). 

(1912)  DuLLYLACBTic  AciD:  C,H„0,  =  CH(C,HJ,.COOH.— This  acid 
is  obtained  by  the  action  of  alkalies  on  ethylic  acetodisllylaoetate  (p.  912).  It 
is  a eoloarlsesliqvidf  boiling  at  234*"  (435'''2  F.)  (Rebool,  Com^Btnd,,  laulv. 
1233}  Wolff,        eUm,  Cm,  Ber.,  x.  1956). 

(1913)  Palmitolic  acid,  CjjHjjO,  =  C,4lI....C00H,  prepared  from  the 
dibromo-acid  obtained  by  combining  fitht-r  hypogwic  or  gaidic  acid  (1890) 
with  bromine  by  beating  it  with  an  alcoholic  solution  of  potaHsic  hydrate,  Slc, 
«7staUitss  in  fine  silky  needles,  melting  at  42°  ( 1 07**6  F.)»  insolnUe  in  wster. 


both  sodium  isopropacctylene  and  sodium  isopropethylene,  as  two  acids  corre- 
sponding to  these  kxlies  are  formed  on  treating  the  product  with  oarbonie 
anhydride  (Lagermark). 

Demarfay  has  atated  that  when  ethylic  acetoroethaoetate  (1827)  is  snb- 
nitted  to  the  action  <tf  bromine*  snd  the  resulting  monobrominsted  derivative  is 
treated  with  an  alcoholic  solution  of  pott8t.ic  hydrate,  a  crystalline  add  is  obtained 
to  which  hp  asiflgiis  the  foimula  t',.lli/*;  =  3^ ^li,^^.  +  5  this  acid  is  said  to 
form  reniarkable  salts,  the  group  ('^11  ^(J  aLliii<,'  like  SiO.,,  e.^.,  weveral  such  jj;roupH 
uniting  with  one  or  more  moleculcH  oi  baric  uxidu.  Homologous  acidb  are  formed 
in  a  similar  manner  from  the  homologues  of  ethylic  acetomethscetate,  and  by 
acting  on  the  dibrombated  derivatives  of  the  homolognes  of  ethylic  acetoscetate» 
eorrespondiDg  hydroxy-acids  are  produced.  Thei>e  acids  are  termed  tetric, 
pentict oxy(e(ric,  &c.,by  l>emar(;8y  {Compt.  Bend.,  Ixxxiv.  1032  ;  Ixxxvi.  1085, 
1 135  ;  Ixxxviii.  126,  289;  Ixxxvii,  351).  The  formation  oi  uciiU  of  t-uch  a 
composition,  having  such  unubual  properties,  in  this  manner  appears  highly 
remarkable;  so  much  so  that  their  existence  must  be  regarded  as  problematicsL 
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Imi  very  easily  soluble  in  alcohol.  It  combines  with  bromine,  fitnidiig  a  dibco* 
mide,  C,,H  ,Br,0,,  and  a  tetrabromide,  C„II„Br^O,.    On  oxidation  with  nitrie 

acid,  it  yii  l  is  palinitoxylic  acid,  C„H„0^.  a  moiiobiisic  acid  which  cryRtallizea  in 
plates,  melting  at  67^(1 5 2'''6F.),  tojjether  with  suVci  i  acid,  C,H,,(COOH)^,  and 
a  third  substance  said  to  be  the  "  aldehyde-iuid,'  C'Jlj^Oj,  derived  from  suberic 
acid  i  but  judging  from  t^ie  results  obtained  wilh  ht«?aruiic  acid  (q.  v.)  the  sub* 
•laiu»  supponed  to  have  thia  composition  waa  ^baUj  impure  oetylie  add 
(flehfdder,  ibid^  cxliiL  22). 

(19 1 4)  Stkakolic  Acid,  C„H„0,  =  C„H„  COOH.— To  prepare  thi* 
acid,  pure  oleic  acid  is  combined  with  bromine.  an<l  the  resulting  dibromide  heated 
in  tlie  w.iter-bath  wilh  an  excess  of  an  aleoliolio  solulitni  of  potassic  hydrate,  A'c 
It  may  also  be  obtained  from  elaidic  acid  (4.  v.)  (Ovorbeck,  iOid.,  cxl.  39). 
Stearolio  acid  erTitelliMe  from  alcohol  in  long  white  priama»  melting  at 
48°  (iiS*'  ^  F.)s  when  heated  to  a  temperature  of  abont  260^  (500**  F.)  it 
distils  for  the  greater  part  unchanged.  If  mixed  with  a  single  molecule  of 
bromine,  it  forms  the  dibromide  C|Hj,^l?r,(),,,  but  if  exposed  with  an  excess  of 
bromine  to  sunlight,  tiie  tetrabrotnide,  Jl-^l^^hM )j.  is  produced.  According  to 
Overbeck,  it  yields  stearoxylic  acid,  Cj,il^U^,  azclaic  acid,  C,U,^(C0Oll),,  and 
the  *' aldehjde-acid*'  corresponding  with  tlie  Utter;  but  aooording  to  Limpadi,. 
Ovcrheck'x  aldehyde-acid  is  a  mixture  of  normal  primary  nonjiio  (pelaigonio) 
acid,  (\H,,.CO()lI,  with  a  dinitroso-acid  {ibiil ,  cxc.  294^  Stearoxylic 
acid  crystallizes  from  alcohol  in  yellowish  glistening  plates,  meltiug  at  86'' 
(186  -8  F.);  it  is  monobasic. 

(1915)  Bbhbnolic  Acid,  C^H^O,  =  C„H,,.C00H,  prepared  from  the 
dibromide  of  emeio  acid,  eryntalliaea  from  alcohol  in  glistening  needlee,  whidi 
melt  at  57°'5  ( iSo^'S  I*'-)  I-<ik«  palmitolic  and  stoarolic  acids,  it  does  not  com- 
bine with  nascent  liydrogon,  but  unites  with  biomiive  in  two  proportions,  forming 
a  dibrumide  atid  a  tetrabronude,  both  crystaliitic.  It  also  behaves  similarly  on 
oxidation  with  nitric  acid,  yielding  a  monobasic  acid  of  the  formula  C^li^O^, 
whioh  erystallisM  from  alcohol  in  unall  gUstening  yellowieh  plates,  mdting  at 
abont  91*"  (i95°'8  F.).  together  with  btassylie  acid,  C,H„(COOH),,  and  an 
oily  Bttbetanoe  SUpposi  d  to  be  the  half  aid.  hyde  of  this  latter  acid,  but  which 
perhaps  is  impure  endecylic  acid,  C,^Hj,.C"0( )H  (Ilausknecht,  ibid.,  cxliii.  40). 

(1916)  Tktkaii YDKonKvzoic  AriD;  Jfj/ihoficnzoic  or  benzoleic  acid, 
C,Hj^,0,  CjHj.COOil. — Tliis  acid,alihiiugb  having  the  composition  of  amember 
of  the  CnII,n_,.COOII  series,  ia  not  truly  homologoaa  with  the  adds  previously 
described,  which  undoubtedly  are  all  derivatives  of  hydrocarbons  in  the  formulae 
of  which  the  carbon  atoms  are  rcprescnt<>d  as  forming  an  open  chain  ;  whereas 
livdrobenzoic  acid  is  derived  Ironi  the  closed  cliain  hydrocarbon  tMl,.  formed 
by  the  union  of  four  atoms  of  hydrogen  with  benzene.  It  is  prepared  by 
digesting  a  hot  saturated  solution  of  benzoic  acid  with  sodium  amalgam,  the 
solution  being  maintained  acid  by  adding  hydrodilorio  add  from  tame  to  time; 
the  solution  of  sodic  salt  tiius  obtained  is  then  acidulated  and  the  hydrobenzoic 
acid  extracted  with  ether  (Herrmann,  Ann.  Clum.  Pharm.,  cxxxii.  77).  It 
is  also  formed  together  with  biiizylic  nicohol  and  glycine  by  tlic  action  of 
hydrating  agents  ou  sc-called  hydrobenzyluric  acid,  (',,Hj,NOj,  the  product  of 
the  action  of  naacent  hydrogen  on  hippurio  add  (Oito,  ibidL^  euiiv.  315). 
According  to  Herrmann,  it  is  a  mobile  oobnrlesa  liquid,  heavier  than  water,  in 
which  it  is  only  slightly  soluble,  and  possesses  an  extremely  unpleasant  odour  , 
like  that  of  \al(  rie  acid  ;  but  Utto  states  that  it  is  a  crystalline  substance.  Jk)th 
the  acid  and  its  salts  ra[»iiily  undergo  oxulalion  on  exposure  to  tbc  air,  Wnzoic 
add  or  a  benzoate  being  I'oruied,  and  thuieiure  it  is  very  ditHcult  to  obtain  them 
vara. 
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§  X.  Acids  op  the  0^11,^(000 H),  Sbuks. 

(1917)  Two  acida  of  this  series  are  known,  aceiytenetU- 
earboxylic  add,  (/^(COOH),,  and  tetrahydrophihaUc  acid  (see 
phthalic  acid),  C^Hj,{C00H)5,. 

(  I  9  I  8)  ACKTTLBNBDICARBOXYLIC  AciD  :  COOH.C^C.COOH 

sO^HjO^. — ^This  acid  is  fonned  in  almost  theoretical  amount  on 
heating  dibromo-  or  isodibromosnccinic  acid  (1855)  with  excess 
of  an  alcoholic  solution  of  potassic  hydrate ;  a  violent  reaction 
takes  place,  especially  with  the  latter,  and  a  crystalline  precipi- 
tate of  the  potassic  salt  of  the  new  acid  separates  out.  This  is 
dissolved  in  water,  the  solution  aeiJuhited  witli  dihite  sulphuric 
acid,  extracted  witli  ether,  and  the  ethereal  solution  is  then 
set  aside  to  cry^tallizc.  Acetylenccarboxylic  acid  crystallizes 
with  two  molecules  of  water,  whieh  it  loses  on  exposure  over 
sulphuric  acid.  It  is  extremely  soluble  in  water,  alcohol  and 
ether  It  decomposes  slowly  at  100°  (212°  F.),  and  very  rapidly 
at  about  180^  (^.'fi^  ^  salts  cr/staHizc  well,  but  arc  very 

unstable  (iiandrowski,  Deut.  diem,  Gea,  Btr.,  x.  838 ;  xii.  2212). 

§  XL  Tbb  Van^t  Hoff-Lb  Bbl  Hypothesis  of  Isomerism. 

So  many  instances  of  exceptional  isomerism  have  been  referred 
to  in  descriliinj^  the  fore^oiiij^  acids,  that  it  appears  desirable  to 
discuss  these  before  proceeding  further. 

(191  0)    Ivsi  FFICIEXeY    OK    THE    rUKSl  NT  Til  KoCY   OF  IsOMLUTSM.  It 

is  nuw  u  WL-ll-eaUibli&hed  fuct  that  couipouuds  exist  diilcring  mure  or  icsti  cun< 
•iderablj  in  oertain  physioal  properties,  bat  so  similar  in  whal  is  ordinarily 
teriDod  their  general  chemical  behavbor  that  they  ean  only  be  reprewntttd  in 
•ooordance  with  oar  {wesent  nystem  of  symbolie  notiition  l<\'  iJonticil  formobe: 
in  other  words,  our  prt'-;«'iit  tlieory  of  isomerism  is  lound  to  he  insuiticient. 

The  compuuml.s  leii nc.l  to  are,  anioii;^'  others,  the  diph»jii}  Iglycols  (hydro- 
benzoins),  mannitol  und  Uuleilol  and  the  allied  carbohyariite»  of  the  furumia 
C.Hj^O,  as  well  as  mneic  and  saooharic  arids,  the  laetio  adds,  the  tartaric  aoids, 
fumaric  and  mali'ic  iicids,  and  the  two  pyrocitric  acids,  citraoonic  and  mesaoonio 
acids.  It  will  be  desirable  to  briefly  point  out  the  erceptioiial  instances  of 
isomerism  uirordi'd  by  tliese  and  other  compounds  before  dnscribini^  the  hyjK)- 
thesis  advanced  by  Yan't  iiotl'and       Bel  t^)  explain  such  catiex  ot  iiiomer.Km. 

Among  hydrocarbons,  the  only,  example  of  isommrbm  which  apparently 
cannot  be  explained  by  the  existing  theory,  is  that  furnished  by  those  of  the 
fimnula  C^^ll^^ — the  icrpenet  and  eitrmtet.*  The  namber  of  distinct  terpcnes  and 
citrenes  probably  is  much  fewer  than  is  commonly  supposed,  the  iijajority  of  the 
natural  products  being  mixtures;  but  whatevtT  their  number  and  whatever  the 
rtslatiou  between  these  two  groups  ol  hydrocarbons,  tber«*  can  be  no  doubl  oi  tbe 

*  Excepting  perhaps  sylvestrcne,  all  the  hydrocarbons  of  the  fiMrmuIa  C\^H„ 

derived  from  various  essential  oils,  Ac,  appear  to  beloni;  to  one  or  other  of  two 
classes:  those  boilin^;^  at  about  156'  (3I2*^'8  F.),  which  are  conveniently  termed 
terpenen,  and  those  boiling  at  about  176  (35  2  '4  F.),  which  may  be  distiuguibhed 
aa  cUrttiMm 
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extttenoe  of  at  lewt  two  terpenes — one  dextrorotatorj,  the  other  Isovorotatoiy— * 
and  of  at  least  two  dimilarly  related  citrenes.  Chemically  these  isomeric  terpoMB 
appear  to  be  in  no  way  distintjuishable,  nnd  tlie  same  is  true  of  the  citrenes. 

Among  haloid  derivatives  of  hydrocarbons,  no  such  instances  have  as  je4 
been  met  with.  A  number  of  cry8tallinehaloid*nitnH)erivatiTM  of  benzone 
have  been  obteined  in  two  or  more  fonne,  diflforing  in  cryetalli^nq^ieebanuilm 
and  melting-point :  but  in  the  case  of  the  particular  oompoande  referred  to,  it 
liuM  h«»en  found  possible  not  only  to  convert  the  one  form  into  the  other  b}' 
merely  bringing  the  two  kinds  of  crystals  into  contxict,  or  by  adding  the  ^ 
crytital  of  the  one  form  to  the  liquid  resulting  from  the  fuaioa  of  the  other ; 
bnt  alio  to  eflbet  tho  mene  diange  {Le*,  to  converfi  the  rdatireljr  alable  into 
the  relatiTHy  nnitable  modification)  bj  eoddenly  cooling  the  fiiied  aubstam^ 
(eomp.  Joogfleiacb,  Anrn.  Ckim.  Phy*.  [4]  xv.,  186;  v.  Richter,  Deui. 
rliem.  Gps.  Ber.vm.  1427  ;  Laubenheimer,  jV^jV/.,  ix.  766).  Such  crystalline 
modifications  are  probably  composed  of  molecular  a£;p:re<;ates  of  different 
degreen  of  complexity;*  they  are  sharply  dihtinguished  from  iaomerides  of 
the  obarMfcer  now  nnder  dieoniiion  by  tiw  fact  that  althoogb  it  ie  poeeible  to 
oonvert  theone.iaomeride  into  the  other,  in  eomo  cases,  by  the  mere  agenejf  of 
beat,  the  reverse  change  cannot  be  effected  except  perliaps  by  an  indirect  proceea 
involving  the  combinutioTi  of  th<'>  substance  with  eome  other  body,  andtheaubeo- 
quent  removal  of  the  elenient.s  ot  this  body. 

The  isomerinra  of  the  two  diphcnylglyools  known  as  hydrobenioin  and  iaohy* 
drobenaom  has  already  been  di«cusaed  (1525).  Farther  esperimental  ondeneo 
of  the  identity  of  the  two  alcohols  from  a  chemical  point  of  view  has  recently  been 
adduced  by  Zincke  and  Breucr  {Ann.  Chem.  PAariw.  cxcviii.,  115),  anil  it  would 
appear  to  be  impossible  to  represent  their  behaviour  on  treatment  with  variooa 
reagentd,  except  by  the  employment  of  the  t>ame  formula  for  both. 

Mfennitolaiiddnlcitol,  being  both  derivatives  of  normal  bexane  and  reietiTely 
Teiy  stable  compoandM,  are  neoeesarily  represented  by  the  one  fimnola 
C'H/OH).(CH.OH),.CH,(OH)  (comp.  p.  559).  Tiie  isomeric  carbohydrates 
— dextrose,  lievulose  aiui  ^'alurtosp— which  furnish  these  alcohols  on  hydro- 
^eimti(m,  are,  it  can  now  scarcely  be  douhted,  all  bodies  of  the  formula 
C'H,(0H).(CH.0H)^.C01L  Saccharic  and  muoic  acids  must  aUo  be  reprei*euted 
by  one  formnU,  G00U.(CH.0H)4.C00H,  both  on  aoeonnt  of  their  relation  to 
mannitol  and  duldtol,  and  of  their  general  chemicsl  bebavioar. 

Ordinary  fermentation  lactic  acid  and  the  isomeric  optically  active  add  do 
not  differ  in  any  of  their  reactions,  bnt  merely  in  their  optical  characters  and  in 
the  amounts  of  water  of  crystiillization  associated  with  some  of  their  salts. 

Dextro-  and  loivotart&ric  acids  exhibit  the  most  absolute  similarity  except- 
ing in  thdr  beha? iour  in  poUuued  light  and  the  position  of  a  certain  fsce  on  the 
crystals }  and  the  exisUng  theory  appears  to  be  quite  incapable  of  explaining  their 
isomerism.  The  relation  which  the  third  modification,  mesotartaric  acid,  bears 
to  them  IS  also  at  present  entirely  matter  for  speculation  ;  there  would  appearto 
be  no  reason  to  suppose,  however,  that  it  diilers  from  them  in  molecular  weight. 

8erenl  modifiortions  of  maUo  and  corresponding  to  the  sevend  modifica- 
timis  of  tartaric  acid  are  known.  Camphorie  add  in  like  manner  exista  in  serend 
modificatiouH,  corresponding;,  it  woold  seem,  to  those  of  tartaric  acid. 

The  acrylic  series  atl'ords  several  exceptional  instances,  the  isomerism  of 
orotonio  and  isocrotonic  acids,  of  angelic  and  o^-diroethacrylic  acids,  and  pro- 

*  The  two  crystalline  modifications  of  dilmmopropionio  acid  described  by 

ToUens,  and  the  crystalline  modifications  of  dipbenylketone,  phenyltolylketone, 
and  oi  iaobydfobenawin  diacetate  an  also  doubtless  pbysicsl  niodiiionliona  of  this 
kind* 
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bablj  aliio  of  oleic  and  elaadio  acid«,  being  apparently  of  the  character  now  under 
ditounoB. 

HaMe  and  ibnsrio  adda,  and  dtraiMMiio  and  meaaoonie  acida,  am  capedally 

interesting  ezamplea  of  eiflaptional  isomeri^in.    Maleio  and  fiimaric  acidii  both 

farnish  ordinary  naccinic  acid  when  hydrogenized,  and  they  may  be  distilled 
without  losing  the  elements  of  curbon  dioxide ;  we  must  therefore  consider  the 
two  carboxyl  groups  in  e;icli  acid  to  be  aasociated  with  diii'tfrent  carbon  atoms. 
But  there  ia  only  one  fornrala  poariUe  on  aoeh  an  aaanmp^on,  via., 
OOOR.CH=CH.OOOH ;  unlen^  aa  Fittig  haa  leeeDUy  aoggeated  (^mi.  Cileifi. 
Pharm.,  clxzxviii.  95),  it  be  supposed  that  in  eo-odled  nnsatnmted  oompoanda 
carbon  atoms  having  free  *'  iiffiniti  's"  m:\y  be  present  (corop.  I058«  1237)  ; 
on  this  assumption,  the  formula  C'OOH  A'il  .tVCOOH  is  also  possible. 

Similarly  there  are  only  two  furmulie  by  which  it  ia  posHible  to  represent  the 
three  pyrooitrio  acida,  aa  they  all  fbmiah  methybnonnioaind  when  hydrogenized ; 
one  of  these,  viz.,  CH^C(COOH).Cn,.COOH,  must  he  assigned  exclusively  to 
itaconic  acid  ;  the  second,  viz.,  CH,.C(C()OH)ZZCH.COOH,  applies  both  to  citra- 
conic  and  mesaconio  acids  ;  we  may,  however,  as  Fit ti;;  sus^gt'sts,  represent  the  one 
acid  by  this  formula  and  the  other  by  the  formula  Cll,.CH(CO0H).C.CO0U. 

Thia  hypothesis,  although  applicable  to  famaric  and  maleio  acids,  and  to 
(ho  hooiologona  pyrooitrio  aeida,  ud  also  to  the  abofe-mentioned  anda  of  the 
acrylic  series,  doea  not,  how«fer» famish  any  "explanation"  of  the  isomerism 
of  saturated  compounds  such  as  mannitol  and  dulcitol,  the  turtaric  acids,  Ac. 

The  last  case  of  exceptional  isomerism  among  the  acids  to  wliich  attention 
may  be  here  drawn  is  that  of  the  two  hexhydrumellitic  acids  ((^.  v.),  both  of 
which  am  hodka  of  gnol  stability. 

In  addition  to  the  before-mentioned  instancsa  among  oompoanda  in  all  of 
which  carbon  is  the  grouping  element,  the  isomerism  of  sulphur  diethmethiodide 
and  sulphur  ethincthcthiodide  (p.  710),  in  which  sulphur  is  the  grouping  ele- 
ment, may  be  mentioned  as  probably  an  example  of  the  same  kind.  Among 
compounds  in  which  nitrogen  is  the  grouping  element,  the  dibenzoylanisyi  and 
dianiajibenioyi  derivatives  of  hydnaylamiue  (q.  v.)  described  by  Lossen,  famish 
instanoaa  of  isomerism  which  it  w  difficolt*  if  not  impossible,  to  explain  in 
accordance  with  the  existing  theory. 

The  formulai  at  present  employed  nrp  all  constructed  on  the  hypothesis  that 
the  several  "  units  of  affinity"  of  a  polyad  atom  such  as  that  of  carbon,  sulphur, 
or  nitrogen,  are  of  the  same  value  ajid  have  identical  functions.  The  number  of 
isomeridee  possible  on  this  assomption  ia  mndi  fewer  than  on  the  hypothesis 
that  the  several  units  of  affinity  are  not  all  of  the  same  value  ;  but  the  admis- 
sion of  this  latter  hypothosi.s  is  precluded  by  the  fart  that  none  of  the  simpler 
derivatives  of  methane,  &c.,  exist  in  a  greater  number  of  mcditications  than  is 
required  on  the  former  hypothesis :  for  if  we  bear  in  mind  the  extent  to  which 
the  bvestigation  of  these  aimpler  derivattvea  has  been  canied»  it  appeara  highly 
improbable  that  some  eridence  of  the  existence  of  thia  greater  nnmber  of 
isomerides  would  not  ere  this  have  been  discovered. 

Assuming,  however,  that  graphic  formula*  really  represent  the  relative  mode 
of  arrangement  of  tlie  atoms,  it  may  be  supposed  that  even  if  in  a  compound 
such  as  methane  the  hydrogen  atoms  have  idt  nticai  functions,  i^omeric  deriva- 
tives am  possible,  since  the  radicles  introdnced  in  place  of  the  hydrogen  atoms 
may  occupy  relatively  diflerent  positions.  Thus,  although  only  one  compound 
of  the  form  ('(R')^  (I.)  ;ind  one  of  the  form  C(R*),R*  (11.)  are  possible,  a  com- 
pound of  the  form  C(U')^(R*),  may  exist  in  two  (III.  and  IV.),  and  one  of  the 
form  CR'U'K'Il*  in  no  K.ss  than  three  modifications  (V.,  VI.,  and  VII.);  and  in 
the  fermnla  C(U'),R'  (Vill.)  the  radicle  {iVf  has  a  different  value  from  that 
of  either  of  the  radicles  (B*)*  on  loooont  of  the  difference  in  its  position  rnk- 
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lively  to  R',  so  that  in  a  coTupound  such  as  chlororacthane,  for  example,  one  of 
the  hydrogen  atoms  should  have  a  8i>ecial  value.  Cottdasioiu  of  tlus  kind  «• 
•0  miuifeatiy  opposed  to  all  ezperionoe  that  they  may  at  com  be  diamiiawl  from 
conaidentHni. 


I. 

1 


V 


B> 


n. 

I 

-t- 

I 


HI. 


If. 


I 


'J  ' 


B« 


TIL 


Via 


B«      I  S* 


(IP) 


B^ 


(B')3  j 


(1920)  The  Van't  Hokf-Le  Bel  Asymmetric  Carbon  Atom  Hypo- 
thesis.— A  system  of  formulai  based  on  tlie  arrangement  oi  the  symbols  in 
space,  instead  of  in  a  single  plane,  to  which  these  ohjections  do  not  apply,  baa 
been  proposed  by  Van't  Hoff  (La  Ckimh  dans  FMtpace:  P.  M.  Baaend^k, 
Botterdam,  1875;  Herrmann**  adaptation  of  the  same  :  Die  J^igerung 

der  A'omc  im  Bctume);  and  aimilar  views  have  been  independently  advocated 
by  Le  Bel  {Bull.  Sor.  Chem.,  xxii.  337  :  cnnip.  ibid.,  xxiii.  295). 

Van't  Iluir  represents  eaeh  carbon  atom  as  cncupying  the  centre  of  a  tetra- 
hedron with  itii  four  athnities  directed  towai-d«  the  four  iolid  anglea  when  the 
jx.  X.  four  radidcaasaoebted  with 

the  carbon  atom  are  situated. 
Compounds  of  the  forms 

C(H),ll',  C(I{).(1^')..  »>'^ 
CfB^^ii'U"  cannot,  on  this 
hypotheniii,  exist  in  isome- 
lie  modifications,  as  a  dif« 
ference  in  the  rebtJve  posi- 
tions of  the  various  radi- 
flea  \*  not  conceivable;  but  if  all  four  radicles  are  different,  two  uiodiQcalions 
are  possible,  just  as  two  non-superposable  tetrahedra  may  be  formed  from 
the  oetabedron,  the  relation  of  the  one  to  the  other  being  that  of  an  objeot  to  ita 
refleeted  image.  The  two  modifications  are  represented  by  Figs.  IX.  and  X. ;  sup- 
posing an  observer  to  be  1  yini;  aloiii,'  the  edge  li'Jl',with  his  head 
at  K'.  looking  towards  WW,  he  would  see  li*  on  his  right  hand 
in  the  one  case  (IX.),  and  on  his  lell  baud  in  the  other  (X.) 

Aa  the  tetraWnm  xepreeenting  the  combini^ion  CR'^tt'B* 
has  no  plane  of  aymmetry,  a  carbon -atom  asaodated  with  Ibnr 
disdmilar  radidea  may  be  termed  an  asymmetric  carbon  atom. 
The  presence  of  an  asymmetric  carbon  atom  in  n  formula  nuj 
be  indicated  bv  an  italicised  C. 

A  combination  of  two  carbon  atoms  associated  by  a  Mngle 
affinity  of  each  is  represented  by  two  tetrahedrons  joined  toge- 
ther as  in  Fig.  XI. 

A  simpler  symbol  of  such  a  combination  is  obtained  by 
8npp*)sing  the  four  an^'los  U'K'H'li*  of  lids  Figure  to  be  in  the 
same  plane,  and  toiding  down  the  tiiangks  U'K*ll*  and  R'R'B* 
in  this  plane,  thus  produdng  the  Fig.  XII.  Further,  let  it 
be  aasnmed  that  the  system  roAatea  alxmt  an  asia  joining  the  two  oarbon  ntoua. 
Then  it  ia  cTident  that  Figa. XIL  and XUL  uetdy  repnaent  thei 
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ti'on  at  two  phases  of  rotation  ;  but  Figs.  XII.  and  XIV.  represent  isomerides, 
since  in  the  one  case  both  group!<  are  rotating  in  a  positive  direction,  and  in  the 
other  one  in  the  positive,  and  the  other  in  the  negative  direction. 

XII.  XIIL  XIV. 


Hence,  in  the  case  of  a  compound  containing  two  singly  united  asymmetric 
carbon  atoms^,  four  modifications  are  possible,  represented  by  the  Figs.  XIII..XIV., 
XV.  and  XVI.  If  the  order  of  rotation  K'K'll'  be  denoU-d  by  the  symbol  +  A, 
and  rotntion  in  the  opposite  direction  by  the  symbol  —  A,  and  the  rotation  of 
the  radicles  li'R^l*  in  like  manner  by  +  B  and  -  B,  these  four  modifications 
are  represented  by  the  symbols : 

+  A  -A  +A  -A 

+B  +B  -B  -B 

If,  however,  only  one  of  the  carbon  atoms  be  asymmetric,  the  number  of 
possible  isomerides  is  reduced  to  two  (Figs.  XVII.  and  XVIII.),  since  the  order  of 
succession  of  the  radicles  ass-sociated.  with  the  symmetric  carl)on  atom  cannot  be 
varied,  and  therefore  +  B  =  —  B. 


XV.  XVI.  XVII.  XVIll. 


A  compound  containing  three  asymmetric  carbon  atoms  may  exist  in  eight 
modifications,  viz. : 

+  A        +A        +A        +A        -A        -A  -A  -A 

+  B        -B        +B        -B        +B        -B  +B  -B 

+  C        +C        -C        -C         +C        -fC  -C  -C 
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One  oontabii^  faat  maj  eskt  in  dxtera,  one  eontaming  five  In  tlriHj>tiio 
modifioationB :  or,  generally,  a  compound  of  ansymmetrioil  iSgnnnla  eontdntng 

u  asymmetric  carbon  atoms  may  exist  in  (2)**  modifications. 

ir,  however,  the  compound  be  represented  by  a  symmetrical  formula,  the 
number  uf  po8«ible  isomeride^  is  somewhat  less.  Taking  the  simplest  case  of 
the  kind,  a  body  of  the  formula  C(R'R'E').C(R'R'R*).  it  w  evident  that 
althongh  tiie  nwUdee  assoeiated  with  eaeh  earboo  atom  are  dillerent  amongst 
themselves,  the  compound  nevertheless  cowdsli  of  two  similarly  constituted 
halves.  This  being  so,  A  =  B,  and  it  is  easy  to  see  tibai  instead  of  the  four 
iMomeridee  indicated  by  the  symbols 

-A 
4A 


-A 
-A 


B  -A 


+  A  +A 
•fA  -A 
only  tliree  an  poaaible^  abee 

•i-A 

-A 

the  one  heln^  merely  the  reversal  of  the  other  in  speoe. 

To  take  a  loss  simple  case  such  as  the  following : 

C(K'B«R')  C{mV)  C\IVR')  qR'R'R'). 

If  the  fonnnU  wen  not  aymmeirioal,  •aeh  n  oompoond  ahovld 
3*»  16  modifications,  m: 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

A 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

B 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

C 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

D 

I 

2 

3 

4 

5 

6 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

Bnt  since  A  =  D  and  B«  C,  replacing  D  by  A  and  C  by  B.  it  is  evident  that 
the  aymbob  a,  5,  4,  6,  8. 12,  are  merely  reversals  of  the  eymbols  9.  5. 13.  z  i, 
15.  14.  so  thivt  only  the  ten  fi»Uowmg  isomerie  modifioatione  appear 


I 


+ 
+ 


+  I  — 
—  I  + 
+ 

+ 
2 


A 
B 
B 


I 


+ 

+ 

+ 

A 

+ 

+ 

+ 

••• 

I 

+ 

+ 

A 

+ 

A 

+ 

B 

+ 

+ 

+ 

+ 

B 

J. 

» 

+ 

+ 

+ 

+ 

A 

5 

6 

7 

8 

9 

10 

The  number  of  isomerides  possible  of  a  compound  represented  by  a  symmetrioal 
formula  containing  n  asymmetric  carbon  utoms  is  tlierelure: 


or.  since  there  must  always  be  an  even  number  of  aiymmetric  carbon  atoaas  in  n 
compound  of  symmetrical  formula,  we  may  substitute  2p  for  « ; 


A  compound  roiitninin^  two  carbon  atoms  united  by  two  affinities  of  each  is 
represented  by  two  tetrahedrons  joined  t()<,'etiicv  by  one  edy^e  (Fig.  XIX.)  If  the 
radicles  R'R'R^R^  satisfying  the  remaining  four  alliuities  ol  the  carbon  atoms 
are  identical,  only  one  such  figure  can  be  drawn ;  but  if  be  different  ftoni  Bf. 
andattbeaametintB^  be  diffimt  firam  B«-it  bei^g  immaterial  wbelher 
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and  R*  and  B'  and  "R*  respectively  are  different  or  id«itical — two  fiifih  il^nt 
can  be  oonstracted  (XIX.  and  XX.)  in  which  the  mdidei  B'fif  oompy  difirant 
poaitioaa  nlative^  to  the  radicles  R'B,*, 


In  other  words,  a  oompoaod  of  tha  fi>nn  C(B*B')=C(A>E4)  may  «ut  in  two 
isomeric  modifications. 

The  Van't  Hoff  hypothesis  does  not  indicate  a  greater  number  of  isomeridas 
tium  our  prownt  thaocy  in  tha  caia  of  compomida  oontaiiiing  carbon  atoma 
nnitad  by  thraaaffinitiM  of  aaeh  (aociylana  derivativca),  or  in  tha  ouent  banaana 
derivatives. 

When  the  formulje  of  the  various  saturated  compounds  before  mentioned  aa 
affording  exceptional  instances  of  isomerism  are  scrutinized,  it  will  be  evident 
that  they  all  coiitiiin  one  or  more  asymmetric  carbon  atoms,  thus : 

Mannitol  and  dulcitol  CHj(OH).(CH.OHX.CIL(OH) 

Destro-  and  levo-glneoM  and  gahicioae  CH,(OH).(CH.OH),.C0H 

Saccharic  and  mucic  acid     .    .    .    .  COOH  (rH.OIIVCOOH 
Hydrobcnzoin  and  icohydrobenacui    .  C  l[,.rH(< )II).C1I(()U).C.H, 

Lactic  acid  CH,X'H(()H).COO}r 

Malic  acid  OOOH.CH,.C1I(OH).C()OH 

Tartaric  acid  00OH.eH{()H)X'H(UH)  CO()H 

The  exceptional  instances  occurring  in  the  aciylic  series  and  in  the 
CoH,„_,(C0OH),  teriefl*  wonld  alto  appear  to  m«et  with  an  MpUnation  on 
Van't  Hoff'a  hypothesia.    Whether  the  isomerism  of  the  ierpenes  and  citrenea, 

of  the  cam|dMna»  and  of  a  few  other  compounds,  could  also  be  accounted  for  in 
a  similar  way,  cannot  at  present  bo  decidofl,  as  we  are  not  yet  sufiiciently  ar- 
quaint^l  with  their  constitution.  The  suthciency  of  the  explanation  which  i« 
apparently  afforded  by  Van't  lloff's  hypothesis  will  he  discussed  later  on. 

(192 1 )  C0N6TITUTION  or  Optically  Aotitb  Bodibs.— Since  the  Targe 
minority  of  crystalline  circolarly  polarising  bodies  are  destitute  of  optical  activity 
in  the  amorphous  and  liquid  states,  the  property  of  cin  ul  ir  polarization  possessed  by 
each  bodies  nnist  be  ascribed  to  a  peculiar  arrangement  of  the  molecules,  and  not 
to  any  speciality  of  constitution  of  the  molecules  themselves.  The  constant  oor- 
nlation  of  the  position  of  the  hemthedral  iacea  on  the  crystals,  and  the  direction 
in  which  the  plane  of  polarization  ia  deflected  by  a  substance^  led  Pluteor  to 
infer  that  the  molecules  are  arranjijed  in  such  crystals  in  a  ri^ht-  or  left-handed 
spiral;  this  view  has  received  much  support  from  Sohncke's  observation,  fhaf  by 
arranging?  a  number  of  thin  plates  of  optically  biaxial  mica  so  that  the  principal 
section  of  each  plate  is  equally  inclined  (by  an  angle  of  45°,  60°,  90 or  1 20^) 
to  that  of  the  previous  plate,  a  combination  may  he  obtained  which  hatiav ea  lika 
an  optically  active  crystali  rotating  the  plane  of  polarization  either  to  the  right 
or  to  the  left  according  to  the  direction  in  which  the  comhioation  b  arxanged. 
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Extending  this  view  to  tlie  molecules  themselves  of  bodies  which  are  opti- 
oaUy  active  iu  the  aniurphous  or  liquid,  but  not  in  the  crystalline  state,  Pa.stour 
inferred  tli:it  tliev  also  were  characterized  by  an  absence  of  symmetry,  and  that 
they  were  tiimilur  in  constitutiun  to  the  groups  of  moleculen  t'onuing  the  crystals 
of  bodies  active  only  in  the  crfatalKiw  condition.  This,  however,  is  predseij 
the  character  of  a  compound  of  the  form  CB^R'B'R*.  The  foar  radicles  beiofr 
diflRerent  will  be  unequally  sttraeted,  and  consequentlj  nt  different  distance* 
Upom  the  carbon  atotn,  so  that  the  compound  will  have  no  plane  of  s^ymmetry  ; 
moreover,  the  two  telraliedra  which  rfpn-sent  the  two  possible  nioilitications  of 
a  compound  coniaiuing  a  single  asyuiuictriu  carbon  atom,  exhibit  in  relation  to 
an  axb  drawn  parallel  to  oormponding  edges  a  right-handed  ittew-like  grouping 
of  the  radiolca  in  the  one  case,  and  a  left-handeid  aerew-like  gronping  in  the 
other.  The  compound  of  the  one  form  may  therefore  be  expected  to  cause  the 
rotation  of  a  plane  polarized  ray  to  the  ri«;ht.  and  the  other  it»  rotation  to  an 
equal  txtcnt  in  the  opposite  direction,  exceptin<;  in  the  case  of  the  compound 
being  of  symmetrical  formula,  when,  if  the  two  equal  groups  composing  it  exer- 
cise the  opposite  effSect  on  polariied  light,  it  will  he  inactiTe. 

Le  Bel  and  Van't  Hoff  have  pointed  out  as  a  natter  offset  that  all  optically 
active  bodies  of  known  constitution*  contain  one  or  more  asymmetrie  oarboB 
atoms  in  their  formula,  aa  will  be  evident  from  the  followin*^  examvles  :— • 


Lactic  acid  CH,.rH(OH)  C(H)H 

Malic  acid  C0UH.C1I,.C'H(0H).C(X)H 

Tartaric  add  COOH.CH(OH).CH(OH).C(X)H 

Tartimmide  C0NH,.CH(OH).CH(OH).CONH, 


Secondary-bntyloarhinol  (aetire amylio  alcohol)  CH^.CH,.  CU  (C II )  CH,(OH) 

Methethacetic  acid  C,H,. TIU rH.  )  ('( )OH 

Hydroxyglutanc  acid  COOILCll^CH  . ri I(OH).COOK 

Seoondary-butylaceticacid  (active  valeric  acid;  CH,.(:iI,.C'll(CH,).COOH 

Maanitol  CH,(OH).(CH  OH),.CH,(OH) 

Qlocoee  CH,(OH).(CH.OH),.OOH 

Saccharic  acid  CO()II.(cn.OH)^.COOH 

Phenylhydroxyacetic  (mandelic)  acid  .    .    .  C,H,.CH(On)  CXX)H 

As  previously  shown,  a  compound  of  unsymmetrical  formula  containing:  « 
asymmetric  carbon  atoms  may  exist  in  (2)"  modifications,  a  compound  of  the 
form  C(B*H'ii*),  0(R*R'R*),  for  example,  exhibiting  the  four  modifications 

+  A  -l-A  -A  -A 

I.  9*  3-  4> 

•l-B  -B  *B 

Bepreeenting  the  rotatory  poirer  of  the  group  A  hj  the  symhol  A  or  ~  A 
and  that  of  the  ^roup  B  by  •!•  B  or  —  Bj  the  rotatory  power  of  each  of  theae 
Modifications  will  he  ca  foUowa : 

I.  A -I- B  s.— A-B      3.-A-I-B      4.  -A-B 

Henoe  l  and  4  and  2  and  3  will  have  equal  hut  opposite  rotatory  powers,  and 
it  may  be  shown  that  always  in  the  case  of  compounds  of  unsym metrical  formnla 
one- half  the  isomeridcs  are  respectively  of  e^ual  but  opposite  rotatory  power  to 
the  other  half  ' 

A  compound  of  symmetrical  formula,  witii  twossymmetrio  csihon  stoms,  m«y 
etist  in  time  modifiMtioos;  the  rotatory  powers  of  theie  will  be 

A-t-AsaA  A~A»0  -A-Ab-sA 


*  It  is  hi^^hly  probable  that  this  is  true  of  all  optically  active  bodies,  since  the 
great  majority  are  coin|)Ound8  of  considerable  complexity,  m  for  inetsnCft  the 
carbohydrates,  the  glucosides,  the  alkaloids,  the  albuminoids,  Sui, 


Digitized  by  Google 


1 921.1      nOBABLB  IN8UFFICIBNCT  OF  TBI  HYPOTHBSIt.  991 

Two  only  of  the  modifications  of  such  a  oompouMl,  in  fiwfc,  will  manifest  optittal 
activity,  the  two  groups  of  which  one  is  ronipojied  compensating  eaclf  other  in 
their  action  on  polarized  light.  The  three  uioUihcations  of  tartaric  acid — dt-xtro-. 
kavo*  and  meratartaric  acid— .which  may  be  regarded  as  the  lluee  possible  nioditi- 

caftbMofaoompoundof  theformulaOOOH.CH(OH).  C  H(OiI).C00U,  illustrate 
this  in  a  most  striking  manner. 

Whether  the  mere  presence  of  an  asymmetric  carbon  atom  in  a  oompouild 
in  sufficient  to  emlue  it  with  optical  activity,  or  whether  it  is  essential  that 
the  radicles  associated  with  the  carbon  atom  should  be  of  a  particular  cha- 
raeter  and  the  componnd  ct  a  particular  type,  is  at  pre^seut  entin  ly  matter  for 
tpecolotion.  With  referenoe  to  thb  point»  however,  it  t«  an  interesting  laot 
that  the  aimplest  known  optieally  aotire  body  (l>ctio  add)  oontaina  three  onrbon 
atoms. 

According  to  Van't  llofrand  Le  Hel,  if  a  body  \vliich  does  not  contain  an  asym- 
metric carbon  atom  be  converted  either  by  substitution  or  addition  into  a  com- 
pound eontaintng  one  or  more  aaymmetrio  carbon  atoms,  it  is  to  be  expected 
that  isoroerides  of  equal  and  oppoeite  rotatoiy  power  will  be  produced  in  eqoal 
quantities,  and  the  product  will  consequently  be  inactive.  Thi»  has  been  shown 
actually  to  be  the  caj<e,  Junglleisch  having  found  that  the  tirtaric  acid  prepared 
artificially  from  succinic  acid  is  a  mixture  of  racemic  and  mcsotartaric  acids, 
while  Le  Bel  has  proved  that  iuactive  synthetically  prepared  methylptopylcar- 
binol  ia  a  mixture  of  optically  aetire  iiomerides  of  oppoeite  ratatory  power. 
Koreover.  according  to  Van't  HoC  there  is  little  hope  of  obtuniog  an  optically 
active  body  from  an  iuactive  compound  containing  a-syuimetric  carbon  atonubnt 
of  symmetrical  formula  by  destroying  its  symmetrical  character,  for  •«*«ffplf^ 
erythrol  (erythrite) 

CH/0H).C1I(0H).CH(0H).CH,(()II) 
may  be  converted  by  diiLillution  with  formic  acid  into  the  glycol 

C  i  I,(OH).  CH  (OH)  .CHiCil, 
and  aa  tiiia  ia  a  body  of  unsymmetrical  formula  and  contains  an  asymmetric 
earbon  atom,  it  ahmdd  by  hypothesis  be  optically  active.  Bnt  it  is  probable 
that  while  the  group  A  of  a  certain  number  of  erythrol  molecnles  would  be 
attacked,  the  group  —  A  of"  an  equal  number  of  other  molecules  would  undergo  a 
like  change,  so  that  the  product  would  be  an  inactive  mixture  of  bodies  of  eqnal 
but  opposite  rotatory  puwer;  thus 

2Cil,(0H).CH(0H).CH(0H).CH,(0H)       would  give 

A  -A 
CH,(OH).CH(OH).CH^CH,  +  CH -CH.CH(OH).CH,(OH) 

A  71 

A  most  important  method  of  discriminating  such  mixtures  of  oppoeitelj 
active  bodies  has  been  indicated  by  Pasteur  and  Le  Bel  Pasteur  long  ago 
observed  that  when  a  minute  organism,  the  Penicillium  (jUiucmn,  was  allowed 
to  vegetate  in  a  dilute  solution  of  racemic  acid,  it  exercised  a  selective  effect, 
osidi^agthadeztro-  morereadily  than  the  IsBvotartarioaeid,  so  that  the  solution] 
Aom  being  inactive,  gradually  acquired  a  Isevorotatory  power.  Seeently  Le  Bsl 
has  shown  (Compt.  Ttend.,  Ixxxix.  312)  that  when  the  inactive  amylic  alcohol 
obtained  by  distilling  the  ordinary  laevorotatory  alcohol  of  fermentation  with 
sodio  hydrate  is  similarly  treated,  it  yields  a  dextrorotatory  amylic  alcohol,  and 
that  inasiive  methylpropylcarbinol  prepared  by  the  action  of  nascent  hydrogen 
on  methylprapjlketone  when  thna  tnated  yields  methylpropylcarbinol  of  con- 
sideiabla  isfocotatoiy  power  («»  a  —13^*3  per  2ao  nun.). 
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(ipsa)  PXOBABLB  IVBUFnCIBNCT  OP  TBU  Van't  Hoff  Lb  BbL  HtPO- 
TUESI8. — The  difTermoM  manifeHted  by  the  two  optically  active  modiGcationx  of 
tartAric  atrid  would  appear  to  be  preciuely  of  tlio  charact^^r  that  might  be  ex- 
pect o<l,  supposiii'^'  them  to  be  related  in  constitution  in  the  manner  indicated 
by  the  :uiytmiieLriu  carbon  atom  hypothMls,  fur  in  cliemical  and  many  of  their 
phyRical  propertias  tbay  are  indiatiogoishabto ;  thay  differ  only  in  reapMi  of 
Ihdr  cry!«tallographio  characterit  their  pyroelectrical  relations,  and  thdr  beha- 
▼ioar  in  polarized  light,  the  difference  Witii;  always  of  such  a  character  that  a 
particular  property  in  developed  to  preoiwiy  the  tune  extent,  bat  in  opposite 
directions,  by  the  two  incxlitications. 

Thb  is  very  probably  true  also  of  the  optically  aetift  umBo  adds  and  of  the 
aeHva  eamphorie  adds,  also  of  the  optioally  aotiTe  tsrpeoas,  dtnnea,  and  ean- 
phors;  but  it  is  not  true  with  n^afd  to  the  majority  of  esoeptional  instancM 
of  isomerism  that  have  been  mentioned.  The  ditFerenceH  noticeable  Wtwoen 
raannitol  and  dulcitx)!.  the  hydrobenzoiiis,  the  glucoses — dextrose,  ia'vulose  and 
galactose — mucic  and  saccliaric  acids,  certain  acids  of  the  acrylic  series,  malic 
and  ibaiariG  aeids,  the  pjroeitrie  adds,  Aa,  are  so  oooaiderable,  howofer,  that  H 
doee  not  appear  probaUe  that  they  are  related  merely  in  tiw  manner  anppoeed 
bj  the  Van't  HofT-Le  Bet  hypothesis. 

Again,  although  the  hypotheHis  appears  to  atTord  a  very  satisfactory  explana- 
tion of  the  relationship  of  the  isomeric  tartaric  aciJs,  there  are  a  number  of  fact* 
which  throw  much  doubt  on  its  sufficiency  as  an  explanation  of  the  constituttua 
of  optically  active  compounds  generally.  Thus,  malio  add,  which  manifiirta  m 
aUght  bsTorotiitory  power  in  a  pure  aqueous  solution,  acquires  an  increased  lasvo- 
rotatory  power  on  the  addition  of  boric  acid,  but  is  dextrorotatory  in  presenne 
of  nitric  acid.  It  cannot  be  supposed,  in  exi)l:ination  of  these  phenomena,  that 
the  molecule  consii^ts  of  two  synunetricid  halves  +  A.  and  —  A,  and  tiuit  tlu* 
rotatory  power  of  the  cue  half  alone  b  infiaeuoed  by  the  boric  add  and  that,  of 
the  other  half  by  the  nitric  add,  dnoe  malic  add,  C00H.CH,.CH(0H).C0OH, 
contains  only  a  single  asymmetric  carbon  atom.  Asparaginc  and  aapartic  acid  and 
mannitol  exhibit  a  similar  behaviour,  which  is  equally  difficult  to  understand.  Then 
the  anomalous  rotatory  dispersive  power  of  aqueous  solutions  of  tartaric  acid 
(Arudtsen,  Ann.  Chim.  Fhj/s,  1858,  iv.  403)  almost  necessitates  the  assumption 
that  the  acid  forms  a  compound  with  water  opposite  to  itself  in  rotatocy  power; 
the  fiirmation  of  a  body  having  a  reversed  rotatory  power  as  compMed  with 
that  of  the  parent  8ubstiin<re  from  a  compound  like  deztrotartaric  add  which, 
accordiuf^  to  Van't  lIolT's  hypothesis,  has  the  constitution  2  A — i.e.,  is  composod 
of  two  similar  dextrorotatory  groups  —  is,  however,  not  easy  to  understand. 
Lastly,  whether  the  inactivity  of  uianniLol— the  slight  rotatory  power  which  it 
<nanifesta  is  probably  to  be  ascribed  to  the  presence  of  impurity  (comp.  Hiints 
and  Aubin,  Ann,  Chim,  Phys.  [5],  x.  533) — be  regarded  as  the  resnlt  of 
external  or  internal  compensation — i.e.,  whether  it  is  similar  in  constitntion  to 
racemic  or  mesotartaric  ncid — a  symmetrical  alteration  in  it*  composition  should 
not  have  the  eilect  of  converting  it  into  an  optically  active  body,  whereas,  as  ^ 
matter  of  fact,  the  hexaoetate,  hexuitrate  and  hexsulphate  prepared  from  it  are 
powerfully  dextrorotatory  substances. 

The  readiness  with  which  many  optically  active  bodies  undergo  a  permanent 
alteration  in  rotatory  jwwer  is  also  highly  renuuk:i])]e.  Thus  ordinary  tartaric 
acid  may  be  converted  by  mere  heating  into  nu>.-^ol;utaric  and  racemic  acid,  nnd 
in  the  same  way  mcsotartaric  acid  may  be  transformed  into  racemic  acid. 
Camphoric  add  behaves  simiburly.  The  hydrogenation  cf  camphor,  according 
to  Montgolfier,  results  in  the  formation  of  two  distinct  csmphols,  0^,11,^.011, 
of  equal  and  opposite  rotatory  power,  both  of  which,  however,  give  the  same 
destrooamphor  on  oxidatioo. 
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Probably,  however,  the  most  wo';,''ity  objection  that  c;in  be  raised  to  the 
bjrpothesiH  is  that  certainly  the  uiajorit^  ,  it'  not  all,  the  isoineric  compounds  which 
luLft  been  mentioned  ae  exceptional  inetancee  of  isomeriam  hate  differeni ' 
energiea,  ae  shown  bj  the  fact  thai  they  differ  not  onlj  in  phyaioal  prop  jitiee, 
but  more  partienhrly  in  the  relative  degrees  of  readtneea  with  which  they  enter 
into  combination  or  reaction  with  other  bodies.  The  mere  groapin<;  of  the  atoms 
in  a  jH)sitivL'  or  negative  direetion  would  scarcely  result  in  such  a  difference. 

The  question  reniainn  whether  a  slight  extension  ot  the  hypothesiis  will  not 
render  it  cepable  of  inelnding  all  the  phenomena.  The  kinetic  theory  of  gasee  ' 
leems  to  be  in  complete  accord  with  all  known  facte*  and  it  would  appear  that  wtt 
are  folly  justifuMl  in  accepting  the  molecular  theory  of  the  constitution  of  matter 
(comp.  ().shorne  Reynold,  Trans.  Roy.  Soc,  1 879,  727)  ;  it  is  i^'oinj;  but  a  slight 
step  further  to  suppose  that  the  molecules  themselves  consist  ot  atoms  occupying 
certain  relative  mean  poKitions.and  that  our  formulae  are,  to  a  certain  extent,correot 
repreeentationa  of  the  relative  mean  poeitiona  of  the  atontt.  Are  we  not  perhapa 
jastified  in  supposing  that  there  are  twocla«eeeof  isomeridea — onlioary  ieomerides, 
in  which  the  atoms  occupy  relatively  different  positions;  and  "exceptional" 
iaomerides,  in  which  the  atoms  occupy  relatively  similar  positionf)  bot  in  which 
they  are  situate  at  different  distaaces  apart? 

§  XI.  Acids  op  thb  Fiwitbtl  Gsouf. 

Under  this  headiug  a  number  of  acids  arc  conveniently 
described,  which  probably  are  derived  from,  or  more  or  less 
closely  related  to,  the  compound  C^U^O^  of  which  i'lurfuraidehyde 
is  a  derivative  (1662). 

(1923)  Pyromucic  acid:  C,HP3=C,H30.COOII.— This  acid 
it  %  product  of  the  dry  distillation  of  mucic  acid,  but  it  is  formed 
m  SQch  small  quantity  that  it  cannot  well  be  prepared  in  this 
maimer;  H  it  also  obtained  on  oxidising  furfuraldehyde  either  by 
means  of  aigentic  hydrate,  or  an  alooboUo  solution  of  potaiM 
kydrate,  the  amount  obtained  by  the  latter  meihod  being  eqiiak 
to  one-third  the  weight  of  tbe  fiiifiiiaklehydB  emplof^ed  (oon^ 
liiBipricht,  Ann.  Cham,  Pham,,  dxf,  278). 

Fyiomucic  acid  crystalUaes  in  cMdouvlcM  platoa  or  naedlao 
vludi  melt  at  134^  i*.);  it  ia  eaailj  aolaUe  im  alooM  « 

and  boilinip  water,  but  muoli  leaa  aolnble  in  oold  water.  Ethylia 
pjromucate,  C,H,0,(C,H^,  ojatalliaea  in  platea  whick  meh  a* 

Pyromncie  add  ia  not  aeted  on  by  aoetic  diloride»  and 
wben  treated  witb  phoaphoric  pentadibride  it  yielda  a  cUoride 
wbick  ia  decomposed  by  water^  and  reconverted  into  pyminoia 
acid. 

On  dry  distillation  of  baric  pyromucate  witb  soda-lime,  a  small 
quantity  of  a  compound  of  tbe  formula  C^H^O,  termed  by 

Limpricht  [loc.  cit.)  teiraphenol,  is  produced  ;  this  compound, 
however,  has  none  of  the  properties  of  a  phenol :  it  is  a  colour- 
less liquid  of  peculiar  odour,  boiling  at  34°  (93°'^  F.),  and  is 
8  3  s 
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not  acted  on  by  sodium  or  by  alkalies,  but  is  at  once  attacked 
by  acids  and  converted  into  80-^led  pyrrol-red. 

The  behaviour  of  pyromucic  acid  on  treatment  ^rith  bromine 
is  of  considerable  interest.  When  submitted  to  the  action  of 
dry  bromine,  it  forms  a  crystalline  tetrabromide,  C^H^Br^Oj,  the 
ethylic  salt  of  which  is  obtained  in  a  similar  manner  from  cthylic 
pyromucate;  ethylic  pyromucate  also  combiaes  with  chlorine, 
forming  a  tetrachloride. 

Pyromucic  acid  tetrabromide  melts  at  about  i6o^  (320^  F*)^ 
bat  is  at  the  same  time  decomposed ;  its  ethylic  salt  melts  at 
47^  (t  16^*6  F.).  Both  compounds  are  very  readily  reconverted 
into  the  parent  snbstances  by  the  action  of  reducing  agents. 
The  former  is  insoluble  in  cold  water ;  hot  water  acts  upon  it 
violently,  decomposing  it  with  evolution  of  carbonic  anhydride ; 
on  oxidation  with  a  dilute  solution  of  chromic  acid,  it  is  converted 
into  dibromoBuccinie  acid.  By  acting  upon  pyromucic  acid 
tetrabromide  with  an  alcoholic  solution  of  potassic  hydrate, 
dibromopyromucic  acid,  Cj^HjEr^Oj,  is  formed;  this  acid  crystal- 
lizes from  water  in  colourless  scales,  melting  at  185°  (365  F.)  ; 
it  is  a  body  of  considerable  stal)ility,  resisting  the  action  of  a 
boiling  chromic  acid  solution  (Touuies,  DttU,  chem.  Ges,  Ber.,  xu 
1085). 

\\  hen  bromine  is  added  to  an  aqueous  solution  of  pyromucic 
acid,  carbonic  anhydride  is  evolved,  the  colour  of  the  bromine 
rapidly  disappearing  until  two  molecular  proportions  have  been 
added  to  a  single  molecular  proportion  of  the  acid  ;  the  product, 
as  a  rule,  is  a  monobasic  acid  of  the  formula  CJI^Oj,  which  may  be 
extracted  by  ether,  but  sometimes  a  body  of  the  formula  C^H,BrO, 
is  obtained  instead,  the  precise  conditions  under  which  the  (me 
or  the  other  is  produced  being  unknown  (limpricht).  The  com- 
,  pound crystallizes  with  difficulty ;  on  adding  baric  hydrate 
to  its  aqueous  solution,  immediately  the  latter  is  neutraliaed^ 
it  becomes  yellow,  and  a  yellow  precipitate  is  then  thrown  down. 
If  the  original  crude  solution  of  the  compound  C^H^O,  be  concen- 
trated on  the  water-bath,  it  deposits  crystals  o£  fbmaric  acid; 
and  this  add  is  also  obtained  if,  after  adding  bromine,  the  sola- 
tion  be  digested  with  argentic  hydrate :  the  amount  produced  is, 
however,  relatively  small  (comp.  Baeyer,  ibid.,  x.  1361).  The 
compound  C^H^BrO,  crystallises  in  white  needles,  having  a  cam- 
phor*like  odour;  it  melts  at  84^  {^^3°'Z  F.),  and  although 
insoluble  in  water,  readily  volatilises  in  a  current  of  steam. 
On  reduction,  it  yields  the  compound  C^H^O^,  which  is  a  colour- 
less strongly  refracting  liquid,  having  a  benzene-like  odour. 
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imoliiUe  in  water ;  this  compound  is  not  altered  hj  concentrated 
liydxocbloric  acid  or  by  alkalies^  and  does  not  combine  witb  add 
anlpbitea. 

Wben  pyronraeic  acid  is  submitted  to  the  action  of  an  eicaea 
of  bromine  in  presence  of  water,  it  is  converted  into  so-called 

mucobromic  acid  (Sclimclz  and  Beilstcin  ;  Limpricht),  C  JI  .Br^Og ; 
this  acid  is  best  prepared  by  adding  the  broniiiie  as  quickly  as 
possible  and  then  boiling  the  solution  for  a  short  time  (Jackson 
and  Hill,  ibid.,  xi.  1671).    It  crystallizes  iu  white  glistening 
plates,  melting  at  121°  (249°*8),  easily  soluble  in  alcohol  and  hot 
"water,  but  dithcultly  soluble  in  cold  water.    It  furi.isht's  a 
crystalline  baric  salt  of  the  formula  (C^HBr.,0.,).,Ba,  and  a  corre- 
sponding crystalline  argentic  salt,  both  of  wliich,  however,  very 
readily  decompose ;  ethylic  mucobromate  crystallizes  in  rhombic 
prisms,  melting  at  51°  (i23°'8  F.).    On  warming  mucobromic 
acid  with  phosphoric  pentabromide^  a  crystalline  "  acid  bromide" 
of  the  formula  C^HBr^O.,  is  obtained,  which  melts  at  54 
(ia9***2  F.)    This  bromide  is  slowly  converted  into  the  acid 
wh^  boiled  with  water.  A  monacetyl  derivative,C^HBrp,(C,U,0), 
is  produced  on  heating  the  acid  w  ith  an  excess  of  acetic  chloride  ; 
it  crystallizes  in  long  needles,  melting  at  54°  (129^*2  F.)  (Jack- 
son and  Hill).    Acetic  chloride  is  without  action  on  ethylic  muoo- 
bromate.  Tiie  decomposition  of  mucobromic  add  into  o/3-dibro- 
macrylic  and  formic  adds  by  alkalies  has  ahready  been  described 
(1894).    On  oxidation  with  bromine  water  or  nitric  add, 
mucobromic  acid    is   converted  into    dibromomaleic  add, 
COOH.CBr  =  Cfir.COOH ;  this  reaction  leaves  little  douht  that 
it  is  the  aldehyde-add  of  the  formula  COH.CBr  =  Cfir.COOH 
(Hill,  i6t<f.,xiii.  734). 

By  saturating  an  aqueous  solution  of  j^yromucic  add  at 
(39^  F.)  with  chlorine,  then  heating  it  to  the  boiling-point, 
again  psssing  chlorine  into  the  cold  solutioii,  Ifcc.,  mutoMorte*^ 
add,  CJI^ClgO,,  is  obtained,  about  40  per  cent,  of  the  theoretical 
amount  being  formed.  This  acid  crystallizes  in  rhombic  plates, 
melting  at  125°  (257*^  F.) ;  its  properties  are  completely  analogous 
to  those  of  mucobromic  acid  (Bennett  and  Hill,  ibid.,  xii.  65-^). 

Mucobromic  acid  is  also  formed  by  the  action  of  bromine  on 
a  boiling  aqueous  solution  of  dibromopyromucic  acid  ;  if,  how- 
ever, a  cold  solution  of  the  latter  be  treated  with  bromine,  a 
compound  of  the  formula  CJI.Br.^0^  is  produced.  This  body 
crystallizes  from  ether  in  star-like  groups  of  needles,  melting  at 
88°  (190'^  4  F.) ;  on  oxidation  with  a  solution  of  chromic  acid  it 
is  converted  into  mucobromic  acid  (Toimies,  ibid.,  xii.  1202}. 

3  s  a 
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(1924)  Itopyromucic  acids  C,H^O,. — This  acid  is  formed  together  with 
pyromucic  acid  on  distilling  mucic  acid.  It  crystallizes  in  delicate  plates,  melting 
at  82°  (i79''6  F.),  extremely  soluble  in  water,  ulcohol,  and  ether;  the  aqueous 
solution  is  coloured  deep  green  bj  ferrio  chloride,  whereas  a  solution  of  pjromucic 
and  ftumbliM  ft  redduh-yeUow  pvadpitete  with  this  reagent  It  is  ooaverted 
into  mucobromic  acid  by  the  actioo  of  an  esoen  of  bronune  (Lbipridit  and 
Bohde,  Ann.  Chcm,  Pharm.,  clxv.  298). 

fi-Pt/romucic  acid :  t'Jl/  ^j- — According  to  Stenhonse  (Proc.  Hoy.  Soc, 
187 1,  XX.,  81),  the  acid  obtained  hjr  oxidation  of  fucusaldehjde  is  isomeric 
with  pjromudo  acid,  m it  erjrtallizts  m  rhombic  plates,  melting  at  130^  (266°  F.), 
initead  of  in  naedlea;  the  aigentie  aalt  fenaa  loag  flatneedlcainitoadof  dyatal- 
Une  aoaka. 

(1925)  Furfuran-yllc  acid:  (\H,0^  -  O.CII  I  CH.COOII.— This  acid 
is  obtained  heating  fnrfiiraUleliyde  with  acetic  anhydride  and  sodic  acetate. 
It  cry.stalli^es  from  hot  water  in  lung  thin  brittle  needles,  melting  at  135* 
(275°  F.) ;  it  haa  a  ciniuuDoii-like  odour,  and  ▼olatiliaea  in  a  onrrent  of  steMn ; 
ooneentrated  hy diochbrio  add  diasolves  it,  forming  a  green  sdotioa.  On  treat- 
ment of  its  aqueous  solution  with  sodium  ^x^i?^^vim,  furfuropropionic  acid, 
CjH/->j,  is  produced;  this  acid  melts  at  51°  (i23°  8  F.)  (Haeyer,  Dent.  rhem. 
Oes.  Tier.,  x.  357).  On  adding  a  single  molecular  proportion  of  bromine  to  a 
cold  aqueous  solution  of  furfuropropionic  acid,  and  then  heating  the  solution  at 
65'' — 70''  (T49'' — 158*  F.)  with  the  hydrate  finom  aiz  mol.  proportions  of  argni< 
tio  nitrate,  oxidation  takes  place  without  the  evolution  of  carbonic  anhydxido, 
furonic  arid,  C.Y\fi^,  being  formed.  Furonic  acid  crystallizes  in  fine  needles, 
diflRcultly  soluble  in  cold  water,  melting  at  180"  (356°  F.).  The  argentic  salt 
obtained  by  adding  argentic  nitrate  to  a  solution  of  the  ammouic  salt,  has  the 
formula  C,H^Ag,C),.  By  the  aofcioii  of  hydriodio  add  at  1 60**  (330''  F.),  furonic 
add  Is  converted  into  hydroftironio  add,  C,Hj,0,,  whidi  orystallixes  in  needles 
melting  at  112^  (233^*6  F.);  but  if  it  be  submitted  to  the  action  of  this  acid 
at  about  200"  (392^  F.).  it  yields  normal  pimelio  add  (1850},  C.H„(COOU^ 
(Baeyer,  Ihid.,  x.  <nj^;  1358). 

^1926)  Furjui-angeiu:  acid:  C,H,„0,  =- (?)C^U,O.CII  Z  CH.C,H^C0OH. 
— ^Tnk  homologiM  of  tofitraerylie  add  is  pre^jared  in  a aimilarnaiwer  Iry  haating 
Attfwnddehyde  with  bntyrio  anhydride  and  sodio  butyrate**  It  forma  coloorleas, 
^iatening  needles,  melting  at  88"  (i90°"4  F.) ;  on  reduction  with  sodium  amal- 
gam, it  yields  fnrfurovaleric  acid.  C^H^jO^.  a  colourless  oil  of  unpleasant  odour, 
which  mny  be  distilled  unchanged.  On  treatment  with  bromine  and  then  with 
argentic  hydrate,  furfurovaleric  acid  is  converted  into  butyroforonic  acid,  C,H„Oj  ; 
this  latter  add  is  readily  reduced  by  nascent  hydrogen  from  sodinm  amalgam, 
and  when  heated  with  hydriodic  acid  and  red  phosphorus  at  about  200**  (393**  F.), 
it  is  converted  into  an  acid  of  the  formula  CyHj^(COOH),,  which  is  apparently 
normal  azelaic  add  (18^2)  (Baeyer  and  Tonnies,  ibid,,  x.  1364;  Ttfnnies,  ibidL 
iW.  1200). 

(1927)  COHSTITimON  OF  THE  FCBFUBTL  C!OMPOn5DB. — Of  the  following 

HC=CH  HC-CH 

II  II  II 

IIC-C.COOH  HC  C.CO0H 

two  fonnule,  whidi  are  most  in  aoeordanee  with  the  general  bdiavioiir  of  pjrt)- 

*  Isobatyric  anhydride  doss  not  yield  an  isomeric  acid,  but  the  products  of 
its  action  on  furfuraldehyde  in  presence  of  sodic  butyrate  are  carbonic  aohjrdrido 
and  furl'urobutyleoe,  C^U^O.C^U^. 
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xnucic  acid,  the  first  has  been  put  forward  by  Baeyer  &a  the  more  probable  (ihid., 
X.  1360).  At  present  there  is  not  sufficient  evidence  on  which  to  base  a  hnal 
dtetrion,  some  fiusis  iqipetting  to  favour  the  adoption  of  the  one  and  mme  that 
of  the  other  finrmnla,  bnt  on  the  whole  the  halanoe  of  proof  woold  appear  to  he 
in  faTour  of  the  second.  Thus,  i£  the  fortnoU  of  the  tetrabUotide  of  ethjlie 
pjromaeate  be,  aa  Baejer  has  sug^ted,  viz. : 

CIHC  — CHCl 

OHilj  oa.cooc.H. 

u 

the  second  formala  would  appear  to  be  preferable,  as  the  disruption  of  carbon 
atoms  united  by  single  affinities  bj  the  action  of  chlorine  under  conditions  such 
aa  those  whieh  obtain  in  the  formation  of  thia  diloride  ia  without  precedent. 
It  may,  however,  be  anppoaed  that  the  fonnnk  of  the  tetrabromide  ia  nnajrin- 
metrieal,  thoa : 

BrHC-CHBr. 

I  I 

BrO.HC— CBr.OOOH 
one-half  the  bromine  entermg  into  oomUnation  after  the  manner  that  it  may  bo 

assumed  to  combine  with  ethylenie  oxide.  The  fact  that  furfurin  (1662),  which 
probably  contains  three  of  the  fjroups  CJTjO,  combines  with  only  dix  atoms  of 
bromine,  tends,  to  some  extent,  to  support  this  view.  The  indifference  of  pyro- 
mucic  acid  towards  acetic  chloride  and  of  Limpricht's  so-called  tetraphenol— 
which  probably  is  fimned  from  pjromode  aoid  bj  the  mere  dieplaoemeDt  of  the 
earboxjl  groop  by  hydrogen— towards  nascent  hydrogen,  however,  ia  acarody  in 
accordance  with  the  assumption  that  the  ftufoiyl  oompounda  art  derivativea 
a  body  of  the  ethylenie  oxide  type. 

The  formation  of  dibromosuccinic  acid  on  oxidation  of  pyromucic  tetrabromide 
ia  explained  almost  et^ually  well  by  either  formula.  This  is  also  true  of  the 
production  of  ao-calkd  mooobromic  aeid  by  the  action  of  bromine  in  pfeaenee  of 
water  on  pyromucic  acid.  Both  of  these  reactions,  however,  q>pear  ratiier  to 
favour  the  adoption  of  the  second  of  the  above  formulce  for  pyromucic  acid. 
The  compound  t\H^Oj,  obtained  by  Limpricht,  has  been  reijarded  as  the  half- 
aldehyde  of  fu  marie  acid,  COH.CH~Cii.COOH,  on  account  of  the  formation 
of  tlds  acid  on  treatment  of  the  crude  solution  with  argentic  hydrate,  and  this 
Tiew  meeta  with  sopport  from  the  fiwt  that  mneobromio  acid,  whioh  ia 
probably  the  brominated  derivative  of  the  compound  CJI^O,,.  has  a  corresponding 
formula ;  but  it  is  not  impossible  that  fumaric  acid  and  the  compound 
C^H^O^  are  products  of  distinct  reactions,  and  that  the  latter  is  derived  from 
previously  formed  dibromosuccinic  acid. 

Apart  from  the  qoeatioB  of  the  oonatitntion  of  llif  C^H^O,  (furfuryl)  group, 
there  oan  be  no  donU  that  in  Ibrfaraorylio  aod  the  groi^  C^H^OOOH  ooonpiea 
the  poaition  of  tho  COOH  group  in  pyromucic  acid  3  no  other  fiMrmnla  would 
•eoonnt  Ibr  its  conversion  into  normal  pimelic  acid. 

The  formula  of  furfurangelic  acid  is  not  so  well  established  :  if  the  aztdaic  acid 
formed  by  its  reduction  be  the  normal  acid,  it  undoubtedly  has  the  formula 
C,H,O.CH::OH,.CH,.COOH  ;  bnt  it  is  possible  that  It  has  the  ibrmohi 
CH^CH,.qC^H,0).OOOH.  The  high  melting-p<»nt  of  the  aielaie  add  produced 
Ikvours  the  former  assumption. 

(1928)  Dehydromucic  acid:  C.H^O^  -  CJ^/)(CO0H)^.— To  prepare  this  acid 
mucic  acid  is  heated  with  a  solution  of  hydrobromic  acid  saturated  at  o  (32°  F.) 
for  eight  hours  at  1 30° — 140°  (266° — 284*^  F.) ;  the  amount  produced  is  equal  to 
about  30  per  oent.  of  the  mucic  aoid  employed.   It  oiystalliiea  b  long  glistening 
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needles,  diiBcultly  soluble  in  cold,  more  emily  soluble  in  hot  water.  Baric  dflbj- 
dfomnoate,  C,H/\lia,  the  mort  chanolerii4»e  salt  of  the  acid,  cry^talUaet  with 

either  3  or  6  molecules  of  water.  Ethjlic  dehjdromuoate  eryttidUiip  firoB 
alcohol  in  colourless  prisms,  melting  at  47°  (il6°'6  F.) ;  it  ia  not  acted  Oil 
by  acetic  anliy'lride.  Dehydronuicic  acid,  if  carefully  heated,  sublimes  unchanged 
without  mtlting,  but  if  submitted  to  dry  distillation  it  i»  entirtly  resolved  into 
flarbonic  anhydride  and  pyromuoio  acid.  On  treatment  with  nascent  hydrogen, 
it  yielda  two  iaomerie  aoidi  of  the  formula  CJS,0,  (Hahunliiiaaii,  Jam,  ClaM. 
Pkam^  nan.  184 ;  Seelig,  Deut.  chem.  Oet.  Ber.,  xii.  1081). 

There  can  be  little  doubt  that  dehydroinncic  acid  is  closely  related  in  consti- 
tution to  pyromacic  acidi  the  following  formuls  may  be  aiiggested  as  the  moat 
probable : 

HC-CH  HC  =  CH 

I  II 
COOH.C    C.COOH  COOH.C-C.CX)OH 
\/  \/ 
0  0 

'  (19^9)  Meeomearidt  C^H^O,. — Meeooteaad  ooeora  in  opinm  cihiofly  in 
QOmbiBatioQ  with  the  alkaloids,  and  may  be  precipitated  as  baric  or  calcic  salt  from 
the  nquooun  extract  by  the  addition  of  baric  or  calcic  chloride.  To  prepare  the  acid, 
crude  calcic meconate  is  gradually  added  to  a  mixture  of6  pts.  ordinary  hydrochloric 
acid  and  20  pts.  boiling  water,  the  mixture  being  frcqueutly  shakeu,  and  kept  at 
a  temperature  aomewhafc  below  100^  (aia^F.)  nntll  the  wbole  ia  dleaolred;  if 
necevsary,  the  liquid  ia  then  vapidly  filtered  tlicoagh  a  linen  bag;  on  cooling, 
the  acid  is  deposited,  bat  in  more  or  less  coloured  oryitab:  it  nay  be  partially 
purified  by  dissolving  these  in  as  little  hot  water  as  possible  and  then  adding 
hydrochloric  acid,  being  much  less  soluble  in  dilute  hydrochloric  acid  than  in 
water»  and  finally  is  rendered  colourless  by  rccrystallization  from  boiling  water. 

Meeonio  aoid  eryitalliaea  in  micaoeou  tcalea  of  the  fiMrmula  C,H^O,  +  3OH,, 
readily  soluble  in  water  and  aloohol;  the  eiyatala  an  rendered  anbydvooa  hj 
heating  at  100°  (212°?.). 

The  general  behaviour  of  meconic  acid  is  that  of  a  dibasic  acid,  but  it  also 
yielda  trimetallic  derivatives,  a  tri-argentic  derivative,  C^UAg^O,,  for  example, 
being  thrown  down  as  a  yellow  precipitate  on  the  addiUon  of  argentic  nitrate  to 
a  lolntion  of  the  add  nentraliied  with  ammonia.  A  sc^ution  of  meeonic  add  or 
of  a  meconate  ia  eoloored  blood-red  by  ferric  chloride ;  the  colour  is  not  discharged 
on  boiling;,  or  on  the  addition  of  dilute  hydrochloric  acid,  or  of  a  dilute  solution 
of  mercuric  chloride  (distinction  from  acetates  atid  thiucyaiialf:^).  If  an  alco- 
holic solution  of  the  acid  be  aatiutited  with  hydrochloric  acid,  a  mouethyiic  and 
diethylie  aalt,  both  of  whidi  are  eryetallmei  are  produced  {  a  triethylic  aalt  eannot 
be  obtained,  however.  By  acting  on  a  solution  of  meeonic  acid  with  sodium 
amalgam  until  a  portion  of  the  neutralized  liquid  is  not  coloured  by  ferric 
chloride,  h3'dromeconic  acid  is  formed;  this  acid,  according  to  Korff( A  nn.  Cftcm. 
Fharm.,  cxxxviii.  191),  probably  has  the  formula  C,ll,,0.,  but  it  dues  not  crys- 
talliee,  neither  does  it  furnish  crystalline  aalta ;  this  acid  U  not  acted  on  either 
bj  bromine  or  by  nttrie  add,  bnt  on  diatillation  deooropoaee  entirdy  (eompi. 
Ihl^  ihid,  dxxxviii.  41). 

(1930)  Comenir  acid,  C^H^O^,  is  produced  on  heating  meeonic  acid  at  about 
120''  (24iS^  F.)  and  by  prolonged  boiling  of  au  aqueous  or  hydrochloric  acid 
•olution  of  this  acid.  It  crystallizes  in  anhydrous  prisms  or  latuina:,  re(j[uiring 
more  than  16  timea  their  weighl  of  hdling  water  to  dianlTe  thraiu  It  yidda 
both  mono*  and  dinwtallic  adta,  hat  ia  ^parently  a  monobadeaddylbnnmgoiily 
a  monetkylic  salt ;  like  that  of  meoonio  aeid,  its  solution  ia  oolonred  red  by  ferrio 
salts.  When  submitted  in  aqueous  solution  to  the  action  of  bromine  or  chlorine, 
it  yields  bromo-  and  chlorooomeoio  acids,  C,lI,BrO^  and  C,H,C10^  but  at  the 
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Mme  time  s  eonddmble  proportum  andergoet  ozidatimi  to  ocalie  md,  Ae.  It 
oombines  with  UMoent  hydrogen  (Kurff). 

(1931)  Pyromeconic  (?)  acid:  — This  isomeride  of  pyromncic  acid 

is  form«'(l  on  submitting  either  raeconic  or  comenic  acid  to  dry  distillation.  It 
crystallizes  from  water  ia  large  colouriMa  priams,  melting  at  117°  (2^2^  6  r.)» 
mvlj  folable  in  oold  water  and  aleoliol ;  It  boOa  at  a  25""  (43  7''  F.)  almoat  withoat 
decom|)osition  (Ost,  Jowr.  pr,  Okmn.  [2],  m.  177).  It  aflRiraa  a  blood-red 
ooloration  with  ferric  salts.  Althongh  its  solution  exhibits  only  a  faint  acid 
reaction,  pyromecouic  acid  forms  wpll-characterized  metallic  derivatives  of  the 
formula  C,HjO,M',  and  also  a  peculiar  chuss  of  derivatives  of  the  formula 
C^HjOpi' +  C.H^O,.  Thus,  if  an  exceiM  of  an  alcoholic  solution  of  potaaaie 
bjdnte  ha  added  to  «  hot  aatiuraled  aleohoUe  aolutioii  of  the  aeid  and  the  liquid 
allowed  to  cool,  *  oryatalline  mass  of  the  potawic  derivative  C,H,0,K  is  obtained. 
On  digesting  a  warm  solution  of  the  acid  with  bario  carbonate,  carbonic  anhydride 
ia  evolved,  and  as  the  solution  cools  the  compound  (C,Hj,Oj)^Ba  +  2C,H^0, 
cryi»taUi2ee  out  in  glistening  needles  (Ihl^e,  Ann.  Chem.  Pharm.,  cUxxviii.  31) ; 
tlw  normal  barium  derivative,  (C,U,0,),Ba+  30U,,  is  formed  on  adding  bario 
eUoride  to  a  eolntioo  of  tlie  aoid  in  a  laigo  exceea  of  amnonia  (0«t).  ThMO 
derivativeK  are  all  exceeding^^  nnafeable,  and  deoompoee  on  boiling  their  solationa; 
if  the  acid  is  heat^'d  with  an  excess  of  baric  hydrate  solution,  it  rapidly  docom- 
posesi,  fot  niio  acid  being  the  chief  product.  It  does  not  furnidh  an  ethylic  sidt; 
but  un  ilig-ation  with  acetic  chloride,  it  is  converted  into  the  monacetyi  derivative 
C,H/),(C,1I,0).  On  passing  hydrochloik  add  gae  into  a  eolation  d  pjrome- 
ooiriie  acid  in  pare  ether,  white  oi^atab  of  a  eompoondof  the  formula  0,Hp,HCl 
are  produced ;  a  similar  confound  witil  aol^uric  acid  may  be  obtained  by  adding 
Hulphuric  acid;  these  bodies  are  at  once  resolved  into  their  generators  by  water 
(Ost).  Pyromeconic  acid  does  not  combine  with  bromine,  but  if  left  ia  contact  with 
it  is  gradually  con  verted  in  to  bromopy  romecoaic  acid,  C^II^BrO^  Nitropy  romeoonic 
aeid,  C,H,(NOJO,,  may  be  obbdiied  liy-  noting  on  an  aoetio  add  aolation  of 
thoacid  with  nitric  add;  it  crystallizes  in  yellow  prisms;  on  redoetion  it  is 
convertt^-d  into  amidopyromeconic  acid,  C,H3(NHj)0j.  Nitropyromeconic  acid 
yieldrta  number  of  characteristic  metallic  derivatives  oft  he  formula  CjHj(NOj)0,M', 
but  does  not  appear  capable  of  forming  derivatives  corresponding  to  the  "  acid'* 
PTTOOieeonatee :  tbeio  oompoanda  are  all  highly  unatable.  Fyromceooio  aeid  ie 
leadilj  aetod  on  by  nitcooa  add,  and  appaieally  ia  oonvertad  into  a  highly 
unstable  nttroso-derivative  of  tiie  formuU  C,H,(NO)0,  f  C,Hp, ;  oa  treatment 
with  sulphurous  acid  this  compound  taken  up  two  atoms  of  hydrogen,  and  on 
extrivctiui;  the  product  with  hot  chloroform,  decomposition  takes  place,  pyrome- 
conic acid  going  into  solution,  oxypyromtxazunic  acid,  C^U^NO^  being  left. 
Thie  laat  mentioned  body  oryataUiiea  from  water  in  white  needlee;  in  general 
behaviour  it  oloeely  reeemUea  pyromeconio  add,  fimning  two  series  of  metallie 
derivatives,  and  being  very  readily  decomposed  by  alkalies ;  submitted  to  the 
prolonged  action  of  tin  and  hydrochloric  acid,  it  losen  an  atom  of  oxygen,  being 
OODverted  into  pyromecazonic  acid,  C,HjNO,,  which  closely  resembles  the  parent 
oomponnd  in  its  properties,  and  diiTera  greatly  from  the  isomeric  amidopyrome- 
oonio  aeid,  althoogh,  like  the  latter,  it  yidda  an  intense  indigo-blae  eoloor  with 
ftnrio  oblorideu  Tim  metallio  derivativea  of  oxy-  and  of  pyromecazonic  acids  veiy 
readily  oxidize  on  exposure  to  air,  forming  blue  and  violet  compounds  (O^t). 

It  will  be  evident  that  the  so-called  pyromeconic  acid  differs  totally  from  pyro- 
mncic acid  in  itd  general  behaviour ;  the  following  formula  would  appear  to  some 
extent  to  czpreae  itareaetioni s 

CH— C(OH)  \ 
I       I  > 

00-ca.ocv^ 
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and  nitrogen  :  Hempel,  2Mts.  Anal.  Chem.  1878,  409. 

{1041)  Determination  of  thf  Ilato^ent Cku^<m  ChmptmmU.'^YclihMxdt 
Ann.  190,  40;  Schifl",  ibid.  195,  293. 

(1051)  Determination  qf  Vapour  Den^iti/. — Improvements  in  Hofmaon's 
nelhod:  Btr,  9.  1304;  Thorpe,  C.  8,  TVmw.  1880,  146.  Aooordin;  to 
Brnhl  {Ber.  12,  197),  Hofmann's  method  b  not  available  at  temperatures  above 
120**.  A  new  aimplo  method  of  detonnining  vnponr  denaitj :  Y.  and  C.  Mejcr, 
Ber.  11,  2253. 

(lioo)  Jiydroc^yanic  Acid. — Amnionic  formate,  according  to  Andreaaeh 

(Bwr.  12,  973),  yields  only  water  and  formamide,  IICO.NH,,  on  diatilhition 
eomp.  p.  92).    On  the  poljraeriea^on  of  hjdrocTanio  add,  see  Cii.  88> 
310. 

(ll2l)  Diferrous  Dipotassir  Fcrrin/anide. — According  to  Skraup  (-4»«. 
186,  371).  this  RubHtance  may  be  formed  either  by  precipitatinf;  potassium 
ferrocyanide  with  a  ferric  salt  or  potasisium  ferricyanide  with  a  ferrouH  salt.  On 
tnatment  with  n  ftrroos  aalt,  it  ia  converted  into  trifenrona  forricjiaido  or 
^irnbiiU'a   bloo,  Fe^Cy^^  •  lerric  onlt  oonverting  it  bto  the  eomponnd 

(11^2)  Normal  Heptane. — The  exudation  from  Pinu.s  xahmana  has  been 
shown  by  Thorpe  to  oonaiat  almoat  entirely  of  pore  normal  heptane  {C.  S.  IVans. 
1869,  296). 

(1166)  Perehlermaiiom  tmd  Ferhvmmaik»  ^  Fara^n».^Oim^»  fL 
note,  p.  3^,  and  Ktafllt  and  Ifen,  Btr,  8,  1045,  12961  Knft,  B§r,  9* 
T085  ;  10,  801  ;  Mens,  £er.  9,  1049,  1506;  11,  2244. 

(1171)  Trichloromethane. — The  formation  of  thif  compound  on  distillation 
of  wood  spirit  with  bleaching  powder  in  apparently  to  be  ascribed  to  the  prtsenoe 
of  aoetone  in  the  former.    The  production  from  alcohol  probably  involves  the 


Ber.    fierichte  der  dentscben  chemischen  Gesellschafb  zn  Berlin. 
C.  S.  Trans.    Journal  of  the  Chemic.1I  Society.  Tranaaotiona. 
C.  S,  Journ,    Journal  of  the  Chemical  Society. 
C.  JSt,    Comptes  rendus  de  TAcademie  des  Sciences,  Parit* 
Am,   Idobig'a  Annalen  d«r  Chonie  nod  Pharmaoit. 
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prior  formation  of  trichlofiMtio  aoid  (oompu  Sohmitt  and  Goldberg  (Jimt,  pr» 

CAem,  [2]  19,393.) 

(1175)  Mahid  Derivatives  <^  Ethane. — Comp  Staedel  and  Denzel,  Ann. 

196,  180. 

(1188)  Dibromopropanet. — On  the  most  &Toanble  oonditioot  fiv  the  , 
oonvemion  of  allylio  bromide  into  a-dibiomopcopaiM,  lee  Brtenmeyar,  Atm, 

197,  169. 

(1202)  Nitroparajfins. — For  additional  infurmation  on  these  compoundi, 
see  Ann.  180,  iii ;  181,  I ;  Ber.  9,  384 — 396,  701 ;  10,  20S3  ;  12,  622, 
1883. 

(1907)  lHmiir9prcpmi§,~^ViaA^^  OH,.CH,.CH(NO^y  iaomerie 
with  the  d-dinitropropane,  CH,.C(N02),.CU,.  described  in  this  paragraph,  ia 

obtained  a«  potassium  derivative  by  the  action  of  potassic  nitrite  on  potassium 
bromonitropropane,  Cll3.CII^.CKBr{N0j).  It  is  sharply  distinguished  from 
the  itfomeride  by  the  power  which  it  has  of  exchanging  an  atom  of  hydrogen  for 
nwCak  (ter  Meer,  Ann,  181,  19). 

(i33o)  Oyant^fmn* — FftakiMh'a  ttatameiiia  with  regard  to  thia  eompofand 
^f^Wt  to  have  been  antmt  (comp.  Kolbe,  Jour.  pr.  Chem.  [ai]  17,  287.) 

{12 id)  Properties  of  Olejines. — On  the  action  of  water  on  olefines,  see 
Butlerow,  Ann.  180,  245  ;  comp.  ft.  note,  p.  414.  The  somewhat  contradictory 
and  irregular  results  of  diU'erent  observers  who  have  studied  their  behaviour  on 
oaddation  appear  to  hava  been  in  a  gVNt  namra  doa  to  the  employroent  of 
hnpare  materials,  or  to  the  ooomrenoa  of  aeoondary  changes.  Recent  obiamH 
tions  indicate  that  in  the  main  the  action  probably  consists  in  the  conversion 
of  the  olcfine  in  the  first  place  into  the  corresponding  dihydric  alcohol,  wiiich 
then  undergoes  oxidation  in  the  usual  manner  (comp.  Butlerow,  Ann.  173,375; 
189,  70 ;  Jawein,  196,  256 ;  Pawlow,  Ann.  196, 1 25 ;  Zeidler,  Ann.  197,  243 ; 
Haeht,Ar.  11,1153). 

(1337)  Ifomerui  and  Emohgoue  OleJinet.^The  olefinea  notieed  in  the 
following  parngrapha  whioh  are  not  indaded  in  the  table  on  pp.  184—185  have 
to  be  inserted. 

(1231)  Isobuiglene. — On  the  action  of  nitric  acid  on,  eee  Hartinger,  Ann, 
198,366. 

(1833)  Amyltne.—lt  appearanow  to  be  placed  bejond  dovbt  thail  the  erode 
■mylene  from  ordinary  fermentation  amylic  alcohol  is  a  mixture  of  no  less  than  four 
isomeric  olefines,  vi'z.,  C,HA('H:CIf,.  (\H/'(rH J:C1I,,  CH(UH,):C{('H,), 
and  C,H,.*CH:('H,  or  tyi,.Cll:CU.CH/(comp.  pp.  448,  450,  5 1  7.  S35.  and 
Ann.  197,  253 ;  Ber.  10,  1905,  2058).  The  hrst  and  second  oi  these  are 
primary  dwriTatiTei  of  the  two  aleohob  whieh  are  the  well  reoogoiied  oomtttaenta 
of  ordinary  amylio  alcohol;  the  (liird  b  formed  Irom  the  firit  and  leoond  by 
isomeric  change.  The  ori<;in  of  the  fourth  ia  at  present  obecnre;  it  has  been 
auggested,  however,  that  fusel  oil  contains  normal  primary  amylic  alcohol. 

The  iodide  formed  by  combining'  a-methylethylethyleue  from  diethjl- 
earbinol  (p.  195)  with  hydriodic  acid  has  the  formula  CH,.CHI.C,H,<'  {Ann, 

179.313)- 

(1233)  Eexylene. — Hexylene  from  secondary  he^^lie  iodide  from  maanite 
has  the  formula  (yi..aCH:CH.CH,  (Hecht,  11,  1 152).    On  tetramethy- 

lethylene,  C(CH^)^:C('CH,),,  ethyl-a-dimethylethylene,  C,H,.C(CH J:CH(CH,), 
and  ethyl./3-dimethylethylene,  C,H^.CH:C(CHJ,  see  Pawlow,yl««."l96,  122  ; 
and  Jawein»  Ann,  196,  253.  Theae  olefinea  boil  loapeotively  at  73"^,  71°, 
and  66°. 

(T334)  Septylene. — The  following  additional  heptylenes  have  been 
described:  raethyl-a-diethylethvlene,  Cn,.C(CJl  JiCILCgli,  (b.  p.  90''— 95°)  and 
trimethjflethylethylene,  (0HJ,C:C(CHJ(C,HJ  (b.  p.  75^— So^XPawiow,  Ann, 
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188,  124)  methvliaobutylethylene,  CH,.CH:CH.C^H,^  (Rohn,  Ann.  100, 

314):  methyl-d-botjlethyUne,  CU^C(CH,XO«H,/  (Batierov,  Jjm.  177, 

185.) 

(1235)  Octjflene, — Normal  octylene  or  a-hexylethjlene,  CH,:CU.C,ll^ 
Aram  normal  oetytie  iodide,  it  Mid  to  boil  at  12a* — 133**  (MMinger,  Jjm. 
185,  53.    The  octyleao  fiom  methylhesykaibbol  doobtlnB  has  tha  Jbimiik 

CH,.CH:('H.(\H„a  (comp.  399).    Diisobutylene  (comp.  p.  835). 

(1240)  HaJuid  Derivatives  of  Ethylene. — Comp.  Denzel,  Ann.  195, 
205.  A  number  of  chloro-  aud  bromo-  derivatives  of  ethylene  and  other 
olefinw  oombtoe  directly  with  oxygen,  forming  chlorides  or  bromides  of  haloid 
derivafeim  of  aeida  of  the  aeelio  aeriea  \  thoa  dikoaethjlonab  CH,:CBr^  yieUa 
noDobrooacetic  bromide,  CH^Br.COBr  (Demde,  Bmr.  XL,  315,  1303 1 
2245;  comp.  Henry,  Ber.  12,  1838). 

(1244)  Chlorohromopropyhnes , — The  supposed  propylene  derivatives  pre- 
pared from  so-called  croton-chloral  (p.  206)  are  doabtlesa  propane  derivatives 
(oomp.  p.  397). 

(1243)  .^ottylsM;— Aooordhi;  to  Ligannark  and  BUdnff(iB«r.  U|»693i), 
Bet-thelot^s  supposed  vinylio  alcohol  is  really  eratonie  aldibjde  (oomp^  Zaiael» 

Ann.  191,  366  ),  afl  suggested  at  p.  213. 

(1249)  (^'uprou^  Aceti/Ude. — Blochmann  states  (Ann.  173,  176)  that 
after  drying  over  calcic  chloride  this  compound  corresponds  iu  composition  to  the 
famnk  C,H,Cu,0  (F  HOiG.CiLCii.OH)  and  the  analogooa  aavwr  deciTativo  to 
the  formula  C,U,Ag,0. 

( 1 254)  ValeryUncf, — ^Isopropacetylene  boils  at  28° — 30°,  and  on  oxidation 
yields  isobutyric  and  acetic  acids  and  acetone  {Ber.  10,  1102,  2249;  11, 
1939).  Methylethylacetylene,  CH,.C;C.(J,H,.  boils  at  51" — 52°  and  yields 
aoetie  and  propionic  acids  ou  oxidation  {^Ber.  10,  1904,  2057).  On  the  action 
of  the  hakiid  adds  on  isoprene,  see  BoQdiardaft»  CJB.  8^,  1 1 1 7. 

(1255)  JfeiMy^MM.— The  bromide  of  the  bexoylene  from  seoondaiy  hea^lio 
iodide  from  mannite  is  convertible  into  a  methylpropylacetylene  CH,.C:C.('.H,, 
which  boils  at  80** — 83°«  and  on  oxidation  yields  aoetio  aud  batyrio  adds  (Uedit» 
Ber.  U,  1050). 

DuUfyL — ^This  hydrocarbon  yields  chiefly  saocinic  acid  on  oridatimi  with 
potaasio  permanganate  (Sorokin,  Ber,  12,  2374). 

(1262)  Hydrocarbons  of  the  C^H^  — ^  series. — Two  additional  hydrocArboni 
of  this  series  have  been  dt'scribod,  vinykllylethylene  C,1I,.CH:CILC,H,  (^itn. 
185,  144)  and  eaniharene,  i.\}]^^{Ber.  12,  577).  The  latter  is  obtained  from 
cantharidin;  it  boils  at  134'',  and  absorbs  oxygen  with  great  avidity ;  on  oxida- 
tion it  is  eonvertad  into  orthotohiie  aeid. 

(1365)  Jrt^^leial  Terpmee. — The  kydroeaibon  obtomed  by  Boner  and 
Yerson  yielda  neither  cymene  nor  terephthalio  (Xgolessoff,  J?er.  12,  14869), 
and  therefore  differs  totally  from  the  terpenes.  According  to  i^ouchardat 
{C.R.  86,  '^54),  not  only  isoprene  but  also  (crude)  valerylene  from  (crude) 
amylene  is  partially  converted  into  a  hydrocarbon  of  the  Ibrmula  ^^^^u  ^hen 
heated  in  sealed  tnbes  at  abont  250^  The  prodnet  has  all  the  propertiea  of 
terpilene,  the  hydrocarbon  obtuned  by  splitting  off  the  ekneoto  of  two  mola. 
hydrochloric  acid  from  the  terpene  dihydrochlorides  (comp.  p.  234). 

(1268)  Terpene  JTydrochloridts. — Probably  a  liquid  monohydrochloride 
does  not  exist,  the  supposed  liquid  isomeride  of  the  solid  hydrochloride  being 
apparently  a  mixture  of  the  solid  mono*  aud  dihydrochlorides  and  cymene 
(comp.  Atterbeig,  Ber,  10,  1202;  Tilden,  JSsr.  IS*  1131).  On  tto 
action  uf  sodium  on  the  terpene  hydroahloridea,  see  Mbntgolfier,  Amm,  Ckim,  \ 

^h'-  [5]  19,  145-  ! 
■    (1271)  lerebene, — ^The  auppoeed  terebene  of  DeriUa  and  Bihan  aa  1 

I 
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impTire  inietife  flimplMiM  (AniMtroiig  md  TUdm,  O.  &  2V«Mt.  1879, 

733)- 

(1275)  Nitrosoter penes. — See  Tilden  and  Shenstone,  C.  S.  Journ.31,  554. 

(1276)  Terpene  monohjfdrates. — See  Flavitzsky,  JJer.  12,  2354. 
(1384)  Comptnmd9preten$  m  Coal  Tar. — The  exutonoe  of  theftUowing 

eompounds,  besides  those  mentioned  on  p.  251,  has  been  established.  Aceto- 
nitrile,  CH,.CN,  ethylic  alcohol  (J5er.  10,  2227),  orthoiylene  {Ber.  10, 
loio),  fluoranthene,  C,^H,^  {Ann,  103,  142;  200,  i),  carbazol,  C,jH,N 
{Ann.  163,  256  j  167,  125},  and  phen^lnaphthjrlcarbazol,  C^H^N  {Ber.  12, 
341,  2242). 

(1S91)  D^fpa9inL'-Oa^mal&^^^  12, 
19B9 ;  Weidel  uid  Ciamician,  Ber.  13,  65). 

(i  292)  Benzene. — On  theaction  of  h^'driodic  acid  on  benzene  and  its  honio- 
logue*,  see  VVreden  Ann.  187,  153;  iierthelot,  Ann.  Chem.  Pkys.  [5]  16, 
150  ;  oomp.  (1296}.    On  the  action  of  chlorous  acid  on  benzene,  oomp.  ft.  note, 

P-  795- 

Froni  but  iiMniMioh,'*  Hne  7,  to  "  Benwne,*'  line  16,  and  the  indaded  fig. 

CO  p.  263,  should  be  cancelled,  andtite  words  "  whereas  only  three  are  known'* 
should  be  inserted  after  "  exitft"  on  line  7.  The  alternative  symbol  there  ^ven 
is  that  proposed  by  Kiirner  (C  S.  Journ.  1876,  29,  240),  who  appears  entirely 
to  have  overlooked  the  fact  that  this  symbol  involves  the  existence  of  only  two 
Momerio  di-derivefcim  of  beosene.  That  thie  it  tiie  ene  will  veedUjhe  tan  on 
oonstroetbg  KSnei^a  sjinbol  with  tiie  aid  of  three  knitting-needlee  or  pieoea  of 
wire,  a  cork,  and  atring:  each  of  the  irbon  atoms  to  which  the  hydrogen  atoms 
2,  4  and  6,  are  respectively  attached,  it  will  be  evident,  is  similarly  situated 
relatively  to  the  carbnn  atom  i ,  and  to  the  carbon  atoms  3  and  5.  Comp.  p. 
389  ;  aluo  Japp,  C.  S.  Trans.  1880,  89. 

(1294)  BmoU)pt§$  qf  Benzene.-^lhB  fbllowing  have  to  be  added  to  the  ' 
list  on  >  278 :— r:3-methylethylbenzene,  CH,.C,H^.C,H,  (b,  p.  158*— 1 59*), 
Ann.  192,  198;  i:4-methyli8opropylbenzene,  CH^.C.H^.CjHj^  (b.  p.  I7i'''5), 
Ber.  12,  429;  y-butylbenzene,  C,H,.CH(CH,)(CVI J  (b.  p.  171°),  comp.  ft.  . 
note,  p.  342;  pentamethylbenzene,  CgH{('Hj)j,  Ber.  12,  329;  hexmethyl- 
benzene,  CJCH,),,  Ber.  12,  329,  C.E.  87,260 ;  1:4  propylisopropylbenzene, 
C,H,«.C.H^.C,H^/<  (b.  p.  212°). 

(1300)  Xylene. — On  the  aeparatum  of  the  three  iaomerio  ijkne^  see 
Jaoobsen,  Ber.  10,  1009. 

(1301)  Isojrropyl benzene. — C'omp.  Liebmann,  J7er.  13,  45. 

(1302)  Cymene. — The  synthesis  of  this  bjdrocarbon  from  normal  propylic 
bramide  and  parabromotoluene  has  been  ferified  by  Jaoobsen  {Ber.  11,  2049). 
Jaeobaen  has  also  eonfirmed  Erant'a  remarkable  obaervatkm  that  ejmene-  ia 
Ibrmed  on  boiling  cuminylic  alcohol  (1481) — an  inopropylic  compound—with 
zinc  dust ;  as  well  as  Nencki  and  Ziegler's  statement  (p.  280)  that  n'mene  is 
converted  into  cuminic  acid  on  oxidation  in  the  body  {Ber.  12,  15 12). 
According  to  Etard  {C.R.  90,  534)1  cuminic  aldehyde  is  obtained  on  treatment 
of  the  prodoet  of  the  aotion  of  <iroaie  dikride,  Cr0,Cl,,  on  cymene  with  water. 
Ko  aplanation  of  theae  remarkable  inatanoea  of  iaomerio  ehange  haa  aa  yet  been 
given. 

(1302)  Durene. — Router  has  shown  {Ber.  11,  31)  that  this  hydrocarbon 
has  the  constitution  expressed  by  tig,  TI.,  p.  295. 

( 1 304)  PropylUopropylbenzene. — This  hydrocarbon,  obtained  by  the  action 
of  rineie  ethide  on  tiie  ^iloride  C^VL,.C^H^.Cll^C\  Aom  enminyfie  aleohol, 
yields  propylbeuzoic  acid,  isomerie  witiieaminie  add,  and  homotercphtlialic  aoid 
CO0H.0.U«.CU,.C00Hon  ondatUm  (Patemo  and  Spun,  O.  S.  Jwrm.  84, 
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( 1 306)  ITyilrocarhons  C,jHj^. — The  suggestion  that  these  hydrocarbons  are 
triprop^'l-derivatives  of  benzene  is  doubtlesi  incorrect;  probably,  like  the  terpenes, 
thflj  ireof  peeoliar  conffiitution. 

(1313)  iZeMftroMoftMMM. — Oonp.  QoMiMr,  Bet,  9, 1506. 

(1317)  CUar^bmiM^nes. — Oa  the  imneric  tri-  and  tetrachlorobenz^nes,  all 
the  j>os8ible  modiSeatkmi  of  wbioh  are  now  knoini,  we  fieilatoin  and  Karbatow, 
Ann.  192,  228. 

(1322)  Jodobenzene. — Thin  may  be  prepared  by  adding  iodine  chloride 
to  benamo  contabing  a  unall  qaantity  of  aluuiiinie  ctUoride  (Gusmi^  CIS.  80, 40 ). 
(1344)  gWiii<i^pft»ita<iitf.—Coin|i.  Hqppu  Btr,  9»  402. 
( 1 346)  ISUrotoluene. — Crude  nitrt>tolliaM  k  a  miztlin  of  tho  ptl»-t  ortho-, 

and  meta-  compound  {Ber.  12,  343). 

(1353)  Nitro-haloiil  Derivatives  of  Toluene. — On  the  action  of  chlorine 
and  bromine  on  the  heated  monouitrotoluenes,  see  Wacbeudorfi',  Ann.  186, 
259 ;  Greiff;  Ber.  18,  288. 

(1356)  Action  ofBeagenU  <m  Beiuau,  ^e.—Th»  meta-  as  well  as  the 
para-  and  ortho*  derivativd  i»  formed  by  the  action  of  nitric  and  of  sulphoriG 
acid  on  toluene  (Claesaon  and  Wullin,  Her.  12,  1S48),  and  also  on  treating 
aniline  sulphate  dissolved  in  an  excesH  of  sulplniric  acid  with  nitric  acid 
(lluebner,  Ber.  10,  1716).    This  should  be  not«'d  in  the  table  on  p.  337. 

(1357)  dnnamene, — On  homologiMB  of  thb  bydrooarbon,  see  Perkia, 
C.  S.  Journ.  32,  660. 

(1367)  Chloronaphihalenes. — Comp.  p.  498.  Much  attention  has  recently 
been  paid  to  the  iiivesti<jutioii  of  the  naphthalene  derivalivos,  and  no  less, than 
eight  isomeric  dichlorouaphthalenes  are  now  known.  They  will  be  found  fully 
dcaeribed  in  the  art  "Naphthalene,"  in  Watta'  Dictionary,  7ol.  viii.,  pt  2. 

(1376)  SnwtoUguMif  Diphenyl. — On  the  fonnation  of  thcia  by  Zincke'a 
mtthod,  com  p.  sec.  5,  p.  772. 

(13S9)  Coh.sfifufion  of  Anthracene. — For  a  proof  that  in  both  C^-  groups 
of  ajithracone  two  atoms  of  hydrogen  in  the  ortho-position  are  displaced,  see  v. 
Pechmann,  JJer.  12,  2125.  It  is  probable  that  the  conversion  of  dibroman- 
thraqninona  into  aliiwin  doaa  not  merely  involvt  tha  ditplaeenMnt  of  tlio  bionino 
atoms  by  two  hydrosyl  gnraps,  and  thwefiMre  this  reaotion  does  not  afihrd  a  reli- 
able determination  of  the  oonstitotion  of  dibronanthiaqninone  (oomp.  Perliin, 
Chem.  News,  41,  4-;). 

(1392)  Constiiulion  <^ Bhenanthrene. — Comp.  Japp,  C.  S,  Trans.,  iSSo, 

86. 

( 1 402)  TriphenyUMfOuaM^ — ^Thia  hydrocarbon  ia  a  prodoet  of  the  eonjomt 
artion  of  alaminie  eUoride  and  triehhnomethane  on  beniene  (Friedeland  CnAa, 

C.  R.  84,  1450.) 

(1407)  Dinaphthyls. — Three  isomeric  dinaphthylsare  now IcDOwn  (Wataim 
Smith,  C.  iS.  Journ.  32,  559;  Trans.  1879,  224). 

(1410)  Dinaphthylctkylcne. — Comp.  tirabowski,  Ber.  11,  298. 

(1413)  Tetrapkenylm§tka»9. — Comp.  mo.  5,  p.  772. 

(1416)  Bevimo  of  tk€  hydrocarbons. — With  reference  to  the  action  of 
hypochlorous  acid  on  propylene,  and  of  sulphuric  acid  on  amylene,  discussed  on 
p.  401,  comp,  pp.  451,  462,  835.  OsjipofT s  conclusions  appear  to  have  been 
based  upon  an  iusudicient  examination  ol  the  products  (oomp.  VVischn^p:udsky, 
Ber.  10,  404). 

!I4I9)  2brfMMy  CMiNett.— Oomp.  p.  562. 
1421)  Formation  of  Tertiary  Carbinols. — Comp.  p.  77 1,    By  action  cf 
water  on  raono-haloid  derivatiTes  of  paraffins,  see  Niederist*  Ann,  186,  388  1 
196,349. 

(1422}  Diagnosis  qf  Carbinols. — Meyer's  metbod  appears  only  to  be 
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available  for  the  lower  terms  of  the  series.  It  answers  with  normal  primary 
octylic  alcohol,  but  fails  witli  second  iry  liexjlio  iodide  ((jutknecht,'i?er.  12,  622). 

(1426)  Methi/lic  Alcolml. — Tliorpe  gives  65''2  as  the  boilini^  point  of  this 
alcohol  (C.  S.  Tram.  1879,  544)  .Uu  the  action  of  chlorine  oa  mcthjlic  alcohol, 
oomp.  p.  461. 

(1427)  EAjflie  AJieokoL—^  the  synthBsis  of  tlut  aloohol  ficom  ethybiMy 

tomp.  p.  188. 

( r  430)  Isotnerlc  chancje  in  the  P/'opyl  Seriet. — On  the  action  of  water  on 
propylenic  bromide,  Ac.  (ft  note,  p.  437),  oomp.  Eltekoff  Ber.  11,  989; 
Flavitzky,  Her,  11,  1940. 

(1435)  2*ommcckanff9in  Butyl  Seriet, — ^Aooording  to  Meyer,  Barbiertand 
Foster  {Iter.  10,  1 30),  Linnemann's  statameiit  tkat  normal  batylamuia  nitrite 
yields  isopriinary'but)  lie  alcohol  is  incorrect ;  the  products  are  normal  buylene, 
normal  primary  butylic  alcohol  and  secondary  butylic  alcohol.  Comp.  Brauner, 
j5er.  12,  1877.  For  "secondary,"  line  15  from  bottom  p.  442,  read  "isopriraary." 

(1438)  Amjflic  Alcohol*, — On  optically  active  and  inactive  amylic  alcohols, 
see  Le  Bel,  BuU,  Soe.  Chim.  81, 104. 

(1439)  P)'opylmetht/l  Carhinol. — Comp.  p.  991. 

(1444)  Dimethjfluofrofjfl  Csr&Mol^This  aloohol  boUa  at  1 1 7%  Pawlow, 
Ann.  186,  123. 

(1448)  Teriiarjf  I£ej>tjjflic  Alcohols. — Comp.  p.  562. 

(1454)  Table  <j^CarbinoU  of  Ethylic  8erie*t  pp-  453,  459,  460. — Alter 
K  p.  <^  methylie  akoliol  to  65°-2,  and  di£  of  Ik  p.  between  methylio  and  ethyllo 
alcohols  to  1 3^  2.  Also  b.  p.  of  dimethjlisopropylcarbinol  to  117°,  and  diff. 
between  it  and  diiuetbyl-i3<-ba(7«arbiDol  to  13°.  Insert  tertiary  alcohols 
described  on  p.  562. 

(1457)  Allj/idimethj/l  Carbinol. — Comp.  Ann.  185,  151.  Three  homo- 
logoee  of  this  akohel  a»»  nowknoira: — allyldiethylcarbinol  (b.  p.  155**— 
156**);  allyldlpro|rflflerbindl  (b.  p.  192** — Z93^);and  methylbotallylcarbinol, 
CII,  CH(OH).CH..CA(fc-  P-  138"— 139*)  (Awaoe.  1P9. 113 s  a&  TroM. 
1878.  53). 

( 146 1 )  Methi/ldiallyl  Carhinol. — Three  horaologues  of  thi^  alcohol  alno  have 
been  prepared: — diallyloarbinol  (b.  p.  151°)  ;  diallylpropylcarbmol  (b.  p.  195°) ; 
and  diallylisopropylcarbinol  (b.  p.  182^—185°)  (^an.186,  129,  169;  198, 
362  ;  Ber,  18,  689,  2374). 

(1462)  Bemologues  of  Phenol. — Several  of  the  phenob  noticed  in  the 
followin<^  paragraphs  have  to  be  added  to  the  list  on  p.  469, 

(1463)  Preparation  of  Phenols. — Comp.  Degeaer,  Jotir.  pr,  chem.  £2jl7, 
394;  20,  300;  Meyer,  ^er.  8,  1074. 

(1466)  PAenojriMiioiie.— Comp.  note  to  169a 

(147 1 )  BromophenoU. — Tribromoi^benol  is  converted  into  the  componnd 
C,H,Br,.OBr  by  the  action  of  bromine  water ;  on  warming  with  concentrated 
sulphuric  acid  until  it  melts,  this  body  forms  tetiabromopheool  C^UBr^tOU 
(Benedikt,  Ann.  199,  127). 

(1479)  ^ylenoU  or  XenoU. — Jacobeeu  has  shown  {Ber,  lit  17)  that  the 
eryrtsUine  xenol  deeeribed  on  p.  492  is  derived  from  paraxylene;  it  therefore  has 
the  constitution  [OH;CH,  :CH,  =  1:2:5].  Par:aenol  nielU  at  74*'5,  and  boils 
at  2ii*"5.  The  8npi>o«ed  xenol  from  mesitylenesulplionic  acid  is  mesitol 
(1480).  Metaxylene  yields  two  i.soraeric  sulphonic  acids,  which  are  converted 
into  corresponding  metaxenols  by  fusion  with  poUssic  hydrate ;  that  from  the 
solpho-add,  which  is  the  chief  product, has  thee(mstitation,[OH:CII,:CH,  =  1:2:4] 
and  is  liquid ;  the  isomsride,  [OH:CH,:CH,a  1:2:6,]  is  crystalline  and  has  the 
same  melting  and  boiling  point  as  panxenol.  Orthozeool,  [0HK7H,:C^  =  1:3:4.] 
melts  at  61**  and  boila  at  125^ 


/ 
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(1480)  Propyl  phenols.  Pgeudocumenol. — Botli  propyl-  and  isopropyl- 
benzcne  yield  isomeric  sulphonic  acids,  which  are  converted  into  corresponding 
pheaolit  by  fusion  with  potaiwic  hydrate.  The  propylphenols  are  both  liquid  ; 
tiMpHtfOompoiiadiMik  at  332%ifaeortiio-  at  326^  ixopropylplMiial  wluflb 
is  the  fihiif  {Nwdurt  melts  at  61*  and  boUa  at  229'* ;  theisomerio  ortliO'eonipcMiiid 
is  liquid,  and  boils  at  22 7*^  (Patemo  and  fi^iea,  Qazz,  Ckim.  6,  535  ;  7,  2 16). 

Pseudocumenol,  C,H.,(CH  )^.0H,  from  pseudocumenesnlphonic  acid,  melto 
at  69°  and  boils  at  240°  (Reuter,  Ber.  11,  29).    Mesitol  boils  at  220°. 

(1483)  CAoletterin.  —  Cholesteriu  is  converted  into  a  dinitro*deriTatiTe 
by  the  aetion  of  eonoeBMed  nitrie  add  (B$r,  18,  234).  On  tha  behaviimr 
of  dioksteriu  on  oxidation,  see  Ber.  10,  8a,  232 ;  11«  ig^l. 

(1489)  Anthrols. — By  reducing  anthraquinonemonosulphonic  acid  with 
hydriodic  acid,  and  fusing  the  rmiulting  an thracenesul phonic  acid  with  potastiic 
hydrate,  an  anthrol  C,H^:C,H,:C,H,(OH)  is  produced  different  from  either  of 
thoae  described  by  Linke,  whose  obaervations  Liebermann  has  been  uiutble  to 
Teriiy  (jBm*.  12,  592).  By  haaftiiig  aDthraqunoM  witii  hydriodic  add  and 
phosphorus,  an  isomeric  phenol,  C,H^"C,H(OH):C,H,,  so-called  (unthranol,  is 
obtained  (Liebermann  Jind  Topf,  0,  1201).  Chrysazin  (1705),  when  treated  in 
like  manner,  yields  a  dihydric  alcohol  of  the  formula  C,H/C\H(OH)X\H.(OH) 
{Ber.  10,  606;  11,  16 10).  Two  isomerides  of  the  latter,  of  the  formula 
C,H,(OH):C,H,.C,H.(OU),  ham  haaa  obtainad  tm  tiia  iMswrie  diadphonie 
aaida  pcepcved  fiom  anthfaoeoa  {Ber,  11, 161 5 1  12,  i8$)l 

(1496)  Glycol. — On  tlie  preparation  of  glycol,  sec  Niederist,  .^iw.  196* 
354.    Comp.  Eltekoff,  Ber.  11,  989  ;  Flavitzky,  Ber.  M,  12$6,  1940. 

(1499)  Methyl  Glycol. — Comp.  note  to  1530. 

(1502)  Brojpylmethyl  Glycol. — This  glycol  yields  acetic  and  normal  butyric 
add  on  oadation  as  laqaiMd  bj  tiw  fiwiirala  C,H,.CU(0H).CH(OU).CH, 
(Hechft,  Bet,  U,  1x54). 

(1505)  OrdnoU. — It  mnild  prohftUj  he  better  to  term  the  1:3  dH^dno 
phenols  orcinoh  rather  than  resorcinols  as  suggested  in  the  ft.  note,  p.  519. 

(1508)  Pentalyromoresorciiwl. — Thii  body  doubtlebs  has  the  furmula 
r!^HBr^(OBr),  and  the  corresponding  chlorine  derivative  and  the  homologous  com- 
pouoda  fipom  ordnol  are  similarly  oonstitnted  (comp.  Beoadikt*  Aim,  196*  127). 

(15 1 7)  Constitution  Orcinol. — Supposing  ordnol  to  be  a  leaovoittol 
derivative,  the  relative  po«ition  of  the  methyl  and  hydroxyl  groups  may  be 
[OH:()H:CH,-  1:3:5  or  1:3:4]  or  [OHiCH^.OH  ^  1:2:3].  The  tendency  which 
it  exhibits  to  form  tri-derivatives  ;  its  conversion  into  a  dinitroso-derivative 
(Stenhouse  and  Groves,  C.  S.  Joum.  81,  544) ;  and  the  formation  from  it  of 
two  dialdehydea  fiivour  the  aaaumption  thai  it  haa  the  eoaatitatioii 
[OHK)H:Cir,=  1:3:5]. 

(K525)  Hydrohenzoin. — The  conclusion  that  hydro-  and  isohydro-benzoin 
must  both  be  represented  by  the  formula  C^H^.CH(0H).CH(OH).C,H,  has 
been  entirely  confirmed  by  further  investigation  (Zincke  and  Breuer,  Ann. 
108,  115.  141 ;  coup.  1665.  1680,  1919  and  Bsr.  11,65,  1396 ;  13,  <54i). 
Both  iuniiah  beiunl,  C,H,.00.0O.C,H„  on  oiidalioo  with  nitrie  add.  When  rab- 
mitted  to  the  notion  of  PCl^,  hydrohenzoin  yields  two  chlorides  of  the  frnntlln 
C,^Hj,Cl,,  one  of  which  melts  at  192^^,  the  other  at  94° ;  and  the  former  of 
these  chlorides  only  is  obtained  from  isohydrobenzoin.  When  submitted  to  the 
action  uf  twenty  per  cent,  sulphuric  acid,  they  each  furuitik  diphenethaldehyde, 
(C;H,),CH.C0H,  together  with  n  orystaUbe  anbatanoe  of  the  empirioal 
ibrmnla  C,«H„0$  tlM  prodaets  of  this  formula  from  the  two  aloohela  am 
isomeric,  however,  but  apparently  the  !^onleriBm  ia  similar  in  chnraelWP  to  that 
which  obtains  between  the  parent  alcohols. 

At  line  15  from  bottom,  p.  536,  iiwert  the  word  "  much  "  before  "  lower," 
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at  line  t  3  iiMtrt  the  vofdi "  mdtt  at  only  a  14*  blgW  "  tempentaie,  iortead 

of  at  a  hij^lier  tenipfrature. 

(1527)  Anthraquinol. — Comp.  note  to  1489. 

(1530)  Glycerol. — Sodium  glycerol  (p.  539)  yieldi  methylglyool,  among 
other  pruduutit,  <m  diy  di^ittticQ ;  il  inffieet  to  dUtU  a  mixture  of  i>qnal  mole- 
onlar  proportiona  ofglyocrol  and  Mditini  hydrate  (Ber.  18,  1872). 

Accurditiir  to  Fit%  (/?(?/'.  11,  42, 1892),  ^a^t'/ZiM  subtilU  fennents  glyWTOl 
with  l"iirm;ition  of  ethylic alcohol,  100  ^^rmnines  of  ^lyctfrol  yieldinj^  from  25-30 
grainmps  of  alcohol ;  au  allied  Bacillus,  somewliat  larger  in  sizf.  however,  pro- 
duces normal  butyl iu  aluuhol  (p.  546).  It  may  also  be  fermented  to  normal 
propyl ic  alcohol  {Ber.  18,  36). 

(1514)  PyrogaUol — ^I'be  formation  of  anthngallol  (1706,  p.  807)  with 
fho  aid  of  pyrogalUil  would  appear  to  indicate  that  in  this  latter  the  three  OH 
groupn  are  relatively  in  the  positions  1:2:3  (comp.  p.  Sio),  but  the O0CttrreiM9 
of  isoincrio  c!uin;^e  in  such  a  reaction  is  by  no  means  improbable. 

(  '535)  Pl^f-oroglucol. — This  idcoliol  is  formed  on  fusing  phenol  or  resorcinol 
irith  aodic  hydrate,  the  latter  yielding  nearlv  70  per  cent,  of  ita  weight ;  the 
fimner  only  aboat  ao  per  cent.  (Barth  and  Schreder,  Ber*  12,  4x7.  503). 

(1544)  ItothUeM, — Comp. Behrend,  i/er.  11,  1353. 

(1554)  Cupric  reducing  pmoer  of  Carbohydrate!/. — Soxhlet,  in  a  recent 
papf'r  (Jiiiir.  pr.  [2]  21,  227-289),  entirely  condemns  tlie  •jravinutric 

process  i'ur  the  estimatijn  of  dextrose.  He  find8  that  the  amount  of  cupriu  salt 
reduced  by  tliie  and  noet  other  earboh3*dratee  i«  largely  influeoeed  by  the  con- 
centration of  the  iolotioo  and  faj  the  presence  of  an  ezoeae  of  the  eupric  aalt.  Thaa» 
*5  grm.  dextroae  in  a  i  per  cent,  aolution  reduces  105*2  cc.  of  Fehling*^  solution 
of  ordinary  strenf^th,  but  only  10 1  i  cc.  of  the  same  solution  diluted  with  4 
▼ols.  of  water;  itb  reducing  power  is  greater  in  presence  of  an  excens  of  the 
oxidizing  agent.  The  same  ia  true  of  invert  sngar  and  lactose ;  the  reducing 
power  of  milk  eogar  ie  not  altered  hy  this  amonntof  dilution,  and  i»  Icm  alMed 
hy  an  exceits  of  cupric  salt ;  the  reduinng  power  of  amylon,  on  the  other  hand,  is 
not  affected  by  the  employment  of  an  excess  of  Fehling's  solotion  of  ordinary 
strength,  but  diluting  the  solution  has  the  effect  of  increaning  it.  From  these 
xesuUit  Soxhlet  argues  that  it  ia  not  legitimate  to  suppose  that  the  carbohydrates 
are  capable  of  reducing  cupric  salts  in  a  definita  moleoalar  ratio  (comp.  p.  581). 
Tlie  fiiete  ha  adduces,  howevsr,  soaredy  wanaofe  so  sweeping  a  cooelusion;  tho 
pradoets  of  oxidation,  whatever  their  nature,  may  be  axpeeted  under  all  oircam< 
stances  to  exert  a  certain  amount  of  action  on  the  cupric  aalt.  and  it  does  not 
appear  probable  that,  if  it  were  not  the  case,  the  approach  to  a  definite  molecular 
proportion  would  be  t>o  constant,  or  so  near,  as  it  actually  is.  The  reducing 
power  of  dextraas  being  taken  as  100,  thst  of  the  other  carixihydrates  in  i  per 
dsnt.  eolations  for  Pehling*e  (f),  Knapp's  (k),  and  SaohsM'a  (a)  solutions  (eomp. 
pp.  582,  607)  is  gireo  in  the  first  three  columns  of  the  following  table,  the 
number  of  cc.  of  Knapp's  (k)  and  Sachsse's  (s)  solutions  which  are  reduced  by  I 
gram  of  each  iu  a  x  per  cent,  solution  being  shown  ia  columns  4  and  5  ; 


f. 

k. 

s. 

z. 

Cane  snj^ar 

1000  ... 

1000 

lOO'O 

Invert  sugar  . 

962  ... 

990  ... 

1245 

502-5 

...  376-0 

liSBvulose  .  . 

924  ... 

I03*2 

148*6  ... 

5035 

...  4495 

Milk  sugar  • 

70-3  ... 

64*9  ... 

70*9  ... 

3225 

...  214*5 

Inverted  do.  . 

96*2  ... 

90-0  ... 

85  5  - 

448*8 

...  258*0 

Lactose     •  • 

932  ... 

83*0  — 

748  ... 

4130 

226-0 

Amylun 

610  ... 

638  ... 

65  0 

317-5 

...  197-6 

I  gnuu  of  dextrose  reduces  497  '5  cc.  of  Knapp's  and  302*5  cc  of  Sachsse  a  aolu- 
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lion.  These  <«nlutiQnH  contain  almost  the  same  amoonU  of  maxuij,  but  fcij  ^ 
dill'erent  ainuuut:i  ol  alkali. 

(i  559)  Laetote. — According  to  Soxhlefc,  tW  app.  «p.  rot  power  in  •  10  per 
osnt.  •olutioo  of  a-kujtoM  is  [aj.s  81**5,  *  oomudctttlily  lower  Talna 

than  that  given  b}'  Fndakowakt.  8oxblet*s  observations  lend  tsupport  to  the 
com  hision  that  ordinary  dcoctroM  U  one  of  the  prodiMt*  of  the  hjdrolyMa  of 
milk  su<<^ar. 

(1^64)  Cane  Sugar. — On  the  app.  sp.  rot.  power  of  cane  sugar  in  aqueooa 
Mlatiotii»  «ee  ToUmm  and  Sehmitz,  Ber.  10,  1403,  141 4.  On  the  cp.  gr.  of 
OMM  sugar  and  malbMe  in  aoliitton,  tee  Brown  and  Hcran,  C  8,  Trmta.  1879^ 
602,  618.    Cane  angar  is  nlowlj  invorted  by  digwHon  witfi  nalt  Mtnot 

(Brown  and  Ht^ron,  op.  cit.  p.  609). 

{156  ^)  ^filk  Su(/ar, — Omit  the  fig.  2  before  C,„H„^0,j,  line  8  from  bottom, 
p.  611.  On  some  properties  of  milk  liugur,  see  Mills  and  iiogartb,  Ji.  Soe. 
Proe.  28.  273.    On  Ha  coprie  vedodng  power  ooooip,  Bw.  H,  2076. 

(1566)  An^loM  cr  MmltoM.'—On  the  eopric  redooing  power  and  mpfk  tp. 
rot  power  of  thn  carbohydrate,  comp.  Soxhlet,  Brown  and  Heron,  and  O'SuUivan* 
C.  S.  Trans.  1 879,  770.  Omit  the  fig.  2  before  C^^H^O^^,  line  8  from  top^  p. 
613.     Diaj^tase  solution  is  without  action  on  amylon  (Brown  and  Heron). 

(1570)  SyiUkesis  of  Carboki/dratet. — According  to  Demole  {Ber.  12, 
1935),  the  oetaeetate  obtained  by  tbo  aetion  of  aoatie  aahydrida  on  destrsM 
(eomp.  p.  580)  yields  on  treatment  with  alkali  a  earbahydiaita  of  tlie  feroralft 
C,^„0|j,  having  all  the  jMvperties  of  that  prepared  by  Gautier  from  dextrooa. 
By  a  -tins^  on  the  mixture  of  ^luconeg  from  milk  sugar  with  acetic  anhydride,  an 
oetaeetate  of  tho  formula  Cj,Hj^Oj(C,H^Oj),  is  produced,  which  has  all  tlic  pro- 
perties of  that  prepared  directly  from  milk  sugar  (Demole).  Ou  the  auelates 
prepared  ftom  varioiia  etfbobydnttei,  eee  Jraiehimoii^  Jlsr.  12,  1938;  Hen- 
ftld,  Btr.  18,  265.  Peligotatatea  (aJB.  89»  918)  that  among  the  prodada 
of  the  action  of  calcic  hydrate  on  dextroaa  ia  a  cryMtalline  body  of  the  formula 
0„HjjOjj,  which  is  destitute  of  cupric  reducing  power,  nnfermentable,  unaltered 
by  cold  concentrated  sulphuric  acid,  and  but  little  attacked  by  nitric  acid  ;  in 
crystalline  form  and  many  of  its  properties,  this  body  ckeely  resembles  mycon 
(1568;  eomp.  Bertkakil»  O.R.  •Dv  965). 

(1571)  BUirrk. — On  the  solubility  of  i^tarch  in  water  ead  on  the  pnpeitiee 
of  starch  paste,  see  Brown  and  Heron,  C  S.  Trans.  1879,  596.  The  experi- 
ments of  O'SuUivan  on  the  action  of  malt  extract  on  starch  have  been  extended 
by  Brown  and  Heron,  who  have  arrived  at  somewhat  ditferent  conclnsiona. 
Aanigning  the  app.  sp.  rot  power  [a]|  *»  150°  to  amy  Ion  (maltoee)  and 
[a], »  9 16  to  anylin  (dertrin),  and  a  eapiie  vedoeing  pom  ef  61  to  Msyloa — 
values  calculated  on  the  assumption  that  tho  solid  matter  in  aolution  has  the  sp. 
pr.  0386  — they  also  conclnde  that  the  results  obtained  are  compatible  with  the 
hypothesis  that  amylon  and  amylin  alone  are  produced.  They  find,  however, 
that  even  cold  malt  extract  acts  rapidly  on  cold  starch  paste,  the  relative  amounta 
of  emyloB  end  amylin  (dediwed  him  the  ofaeervatieii  of  tie  oaprie  ndoaing 
power  and  app.  «p.  rot.  power)  prodneed  under  these  dreamstaooea,  or  at  tempe- 
ratures not  above  60**,  being  in  accordance  with  the  eqaation(C^H„0  BOH, 

=  8C„H„0j^  + (C,H,„OJ^.  If  the  malt  extract  be  heated  to  66*,  a  smaller 
proportion  of  amylon  is  produced — viz.,  sC'j  H,,,()j,:(C,HjjOjj^ ;  if  the  extract  be 
heated  to  75°,  or  if  malt  extract  heated  to  60°  and  rendend  alkaline  with  sodic 
carbonate,  be  employed,  the  proportions  are  2C„H^0jj :  (C,l I,, OJ^,.  And  if 
nalt  extract  heated  to  66%  and  made  very  slightly  alkaline  with'«iodic  hydrate, 
be  used,  the  proportions  are  Cj,H^O,j :  (C,H,,0J„.  Malt  extract  has  no  action 
on  amylon,  but  on  digestion  with  dilute  sulphuric  acid  this  carbohydrate  is 
entirely  converted  into  ordinary  dextrose.    These  results  may  be  explained  on 
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the  assumption  that,  as  pointed  out  on  p.  656,  starch  has  a  very  high  molecular 
weight — viz.,  C,^H,,  -  (0,11^  ,0^,^.  and  that  under  the  influence  of  the  malt 
extract  it  undergoes  gradual  simplidcation,  Cj,- groups  being  split  off  and  form- 
ing arajlon,  the  residue  in  each  case  constitating  an  "  arojlin."  On  this  hypothesis 
the  Hnyliiw'*  formed  at  dlflbroit  atagea  differ  in  moleealar  weight ;  the  diflbrenee 
in  their  behaviour  wiik  ioffina  landa  eoma  anpport  to  this  view,  but  on  the  other 
hand  thejall  appeartohSfOthe  name  Kp.  rot.  power,  and  to  be  otherwise  identical. 
O'Sullivan,  in  a  recent  paper  ( 6".  6'.  Trans.  1879,  770),  in  which  he  upholds 
and  extends  his  former  observations,  adduces  additional  facts  in  opposition  to  this 
view  that  the  different  "  amjlins"  are  different  terms  in  a  series  of  polymerides. 
It  ia  highly  probable  that  amylon  and  "  amylin**  are  not  the  only  prodaele  of 
the  action  of  malt  extract  on  starch,  bat  that  bodies  intermediate  in  character  are 
also  formed  (oomp.  Herzfeld,  J9«r.  12,  2120 ;  Soxhlet,  Jour.  pr.  Chem.  [2] 
21,  2707);  their  prodnction  is  readily  accounted  for  on  the  above  hypothesis 
if  it  be  supposed  that  the  elements  of  water  are  added  on  to  the  starch  molecule* 
and  that  a  change  takes  place  somewhat  similar  to  that  involved  in  the  eonver* 
aioii  of  ethylenio  oiide  into  glycol.  The  whole  qneetion  of  the  eonatitntion 
of  starch  and  its  transformatiosa  ia,  however,  one  of  extreme  difficulty,  and 
one  which  no  doabt  will  not  be  aet  at  rest  withont  mneh  fiurther  experimental 
investigation. 

According  to  Musculus  and  Mering  {Bull.  Soe.  Ckem.^  81,  105),  saliva 
and  panereatic  fluid  also  convert  atareh  into  amylin  and  amylon,  and  alao  gradn- 
allf  tnnafbrm  the  latter  into  dextroae.   Brown  and  Heron  (priwU  eommu' 

nidation)  have  verified  theee  oboervations  for  pancreatic  juice,  which  they  find 
is  capable  of  slowly  converting  amyl<^n  into  dextrose,  although  it  is  unable  to 
induce  the  inversion  of  cane  Hugar.  The  small  intestine,  especially  that  portion 
where  the  so-called  Peyer's  glands  are  situate,  furnishes  a  secretion  which, 
although  very  doiw  ia  ito  aotion  on  atareh,  very  rapidly  converta  amylon  into 
destroee,  and  alao  inverts  cane  sugar. 

Synanthroxe. — Dieck  and  Tollens  (Ann.  19S,  228)  have  shown  that  the 
80-called  synanthrose  of  Popp,  or,  as  thej  term  it,  Jevnlin,  haa  the  empirical 
eoroposition  CJI,^,Oj  (comp.  p.  641). 

(1575)  G//cc/^en.— According  to  Musculus  and  Mering  (loe.  eil.),  glycogen 
reaembles  starch  in  yielding  dextrin  and  amylon  on  treatment  with  ediva  or 
malt  extract  Bernard's  condneions  with  regard  to  the  amount  of  "  glucose  ** 
in  blood  (p.  644)  from  varimia  parte  of  the  body  are  diapnted  bj  Pkvy  {B.  Soc* 
Froc.  26,  314,  346). 

(1589)  Ethers  of  the  C^II,^^^.O.C,E,j,.i  series.  —  Un  the  action  of 
aulphnrie  acid  on,  see  Eltekoff,  £er.  10, 1902.  Vii^lethylether,  C,H^.0.C,1I,, 
see  Wielicenna,  Anm,  198,  106.  Thia  ether  boOa  at  ZS'^'S  :  ^  deeompoaition 
with  dilute  sulphuric  acid,  it  yields  ethaldehyde  and  ethylic  alcohol. 

(1594)  Anethol. — On  thfi  synthesis  of  this  compound  and  of  isomeric  and 
homologous  ethers,  see  Perkin,  C.  S.J.  32.  668;  C.  S.  Trans.,  1878,  211. 

(1596)  Propj/Uyiic  Oxide. — The  oxide  obtjiined  from  the  chlorhydrin 
CH,CLCH,.CH,(OH)  boils  at  50°  (Eeboul,  Am,  dem.  Fhys.  [5]  14. 
453)- 

(1605)  Pjfrt^aUcl  0(k«MdeohoU — Comp.  note  to  1699. 

(1606)  Glttcnsides. — Gli/ryrrhizin.  according  to  Habermnnn  {Ann.  197, 
10^),  is  the  acid  ammonic  salt  of  a  nitrogenous  acid,  glj/ryrrhizic  acid^  and 
has  the  formula  C  H^NOJNH J. 

HeUeyn. — ^Thia  glneoaioe  may  be  prepared  by  the  adaoo  of  to-called  aoeto- 
ehlorhydroae  (p.  ^80)  on  the  potaaainm  derivative  of  aali^lic  alddiyde, 
C.HXOK).COH,  Michael,  C.R  89,  35.V 

SinaUrim,  aoordiog  to  Will  and  Laubenheimer  {Ann,  199,  150), 
8  3  T 
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aDalogous  in  constitution  to  potMsie  myronate  (p.  697),  being  reacdved  bj  the 
autioD  of  myorin  into  ainalbin  thiooyanate  C\H.O.  NCS,  glnooMMid  abapine 

Bulphate,  C^,II,^XO^.ir,SO,. 

(1634)  Amidoethylic  Acohol. — On  tho  various  products  of  the  action  of 
hydroi-yaiiio  acid  on  this  oomponod,  see  Erleumeyer,  Ann,  200,  120;  oomp. 
1775,  17S0. 

(1647)  Ifeplaldehyde.-"^  the  preparation  of  from  eaator  oiI»  aee  KnflW 
JBer,  10,  3034. 

(1658)  ProiocatecJinic  Aldehyde. — An  iaomeric  aldehyde  is  obtained  by 
the  combined  action  of  chloroft^rm  and  alkali  00  resomnola  and  a  bomologue 
from  orcinol  {Bcr.  10.  2210  ;  12,  9991). 

(1661)  Homolugiies  of  i?eM2uW<?/(^(f«.— On  the  formation  of  cumic  aldehyde 
from  ctymeoe,  aee  noto  to  1302.  The  productioii  of  an  aeid  of  much  higher 
melttng  pmnt  than  emnie  add  by  oxidation  of  propyliaopropylbenaene  ^>peart(  to 
afford  con6rraation  of  the  conclusion  tliat  cumic  aldehyde  \s  an  isopropyl  deriva- 
tive. PhcnpthaMehyli'.  C^H^.UIL.CUII,  is  produced,  to<rethcr  with  a  compound 
of  the  empirical  li)nmii;i  (Mi^O.on  heatingphonylglycol,C\H^.CH(UH),CH,(oH  ), 
with  20  per  cent,  sulphuric  acid.  Thia  glycol  is  prepared  from  the  oorret<pond- 
ing  bromide  from  dnnamene ;  on  oxidation,  it  yieldi  mandelie  add  and  amall 
quantitie.^  of  bcnzoylcarbinol,  C,H,.CO.CH,(OH),  and  benzoylformio  aeid, 
CVI,.CO.COOII.  {Her.  10,  1004.  i486;  11,  1399;  18,  635). 

( 1662)  Fu)fiu'itl(h  h >idc. — On  the  constitution  of,  see  1927. 

(1OC9)  Phihaldchi/de. — The  supposed  aldehyde  from   phthalic  chloride 

appeara  from  reomt  reiearohea  of  Heppert  to  have  the  formula  O^H^j^^'  |  O ; 

the  acid  formed  from  it  by  the  action  of  alkalis  has  the  corresponding  formula 
C^H^(C'Hj.OH).(^( '( HI.  Phthalid,  as  this  substance  is  more  appropriately  termed, 
does  not  combine  with  acid  sulp)iiti>s.  Phthalic  chloride  probably  corresponds 
in  con.stitution  to  phthalid  {Ber.  11,  237). 

(1671)  Formatum  <f  JKetonet. — According  to  Gnstavson  (Ber,  H, 
2 151),  aluminio  chloride  unites  with  benzene,  toluene,  Sk.,  forming  compounds 
such  as6CJ  f^:Al.,Cl^,  and  these  apparently  play  an  important  part  in  Uie  re- 
actions realized  by  Friedel  and  Crafts  (p.  772). 

(1672)  Action  of  Citric  Acid  on  Ketones. — The  supposed  nitro-derivatives  of 
acids  ol  the  acetic  aeriea  formed  on  treatment  of  ketones  of  the  CO(CnH,,^j)j 
series  with  nitric  acid  are  apparently  "  dinitro<paraffins.*'  Thus  the  sup^  o^ed 
nitropropionie  acid  from  dipropylketone  (p.  776)  is  probably  identical  with  ti  e 
"  dinitropropano  "  of  tcr  Meer  (Chancel,  C,B,  66, 1405).  On  nitroeo^ieriva- 
tive  of  ketones,  seo  p.  915. 

(1678)  Ketones  of  the  {O^H^„^.^)^CO  seriex. — On  the  ketoncj*  of  the  form 
CH,.CO.CoHj„^j  containing  13,  15,  17  and  19  carbon  atoms,  see  Kraflft,  i/er. 
12, 1664. 

(1687)  Camphor. — Comp.  pp.  976,  979, 

(1689)  Quinhydronc. — The  formula  C|JIj^O^  for  this  substance  has  been 
conBrmed  by  Nietzki,  Bcr.  12.  17  79*  BesorciuoL  also  combines  with  quinone, 
ibrraing  an  isomeride  of  quinhydrone. 

(1690)  PAenoquinone. — The  formula  of  this  compound,  according  to 
Nietxki,  is  C,,H^,0^  and  not  C,,Hj^O^ ;  it  contains  the  elements  of  i  moL 
of  quinone  and  2  mols.  of  phenol. 

(1699)  Ccdf'irct. — The  sub.4ance  in  beech-tar  from  which  ceilrir.  t  is 
dLM-iveil,  according  to  Hofmann.  has  the  formula  0^1,^0,  -  C^Hj(OL"lIj)j  Oil. 
Heech  tar  ako  contains  a  methylpyro^jalloldimethylin  and  the  compound 
C',,  11^,0^  refored  toon  p.  Soo  is  apparently  a  propylpyrogalloldimethylin, 
C.H.  C,H,(OCH,),.OH.  The  diethylin  C,H,(OC,H,),.OH  yields  an  ethyl- 
cedruet  on  oxidation  (Ber.  U,  329,  ygS»  1455 }  12,  1371,  2216). 
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(1705)  Itomeride$  <f  AU»airm.-^lm  17  fiom  bottom  p.  804,  tabttitato 
3-3'  for  (?)  2'-3  or  2'  -  2, 

Chrysazin  may  readily  be  prepared  from  anthracene-a-disulphonic  acid,  either 
by  coiivertint;  this  into  the  correspond ini,'  dihydroxyanthraceno  which  is  then 
oxidized,  or  by  oxiduing  the  •ulpho-acid  and  thea  fusing  the  resulting  anthra- 
qninonediialphonie  aoid  wHJi  polMsb  hjrdnts  (LiebflriiiHm  tod  BoMk,  Ber» 
U,  1613 ;  19,  181,  1287). 

A  nth rajlavone, according  to  {be  litar  researches  of  SchniMk  md  Booner (Bsr. 
11,  969),  is  a  mixture  of  three  isomerides,  the  product  from  100  pts,  metahy- 
droxyl>euzoic  acid  consintini*  of  30  pts.  authraflavic  acid,  4  —  Jj  pts.  metabenzbioxy- 
authrnquinone  aod  2  pts.  anthrarufiu.  The  second  of  thetie,  already  partially 
daieribed,  does  not  yield  ookrais  with  moffdanti ;  on  fiuioa  wilii  potanio  hjdxato 
it  yields  iaoparpurio,  being  much  more  readily  acted  upon  than  aalkiip  or 
iso-anthraflavic  acid.  The  acetyl  derivative  melts  at  1 99^.  AnthraruBn  may  be 
much  more  readily  obtained  from  anthracene-ZS-disnlphonic  acid  in  the  same 
way  that  chrysazin  is  formed  from  the  a-acid  (i?er.  11,  1176,  1613  ;  12, 
182,  1287).  It  crystallizes  in  yellow  prisms,  melting  at  280°;  it  does  not  yield 
cdoan  with  mordaata;  oa  tnatoMiit  witJi  nitric  aoid  it  finrna  a  tetnMiitio- 
darivative;  its  acetyl  derivative  melts  at  245^.  It  is  converted  into  tha 
same  trihydroxyanthraquinone  as  chrysazin  when  fused  witli  potasj>ic  hydrate ; 
and  like  chrysazin,  if  heated  with  potassic  hydrate  at  a  temperature  somewhat 
below  that  at  which  the  trihydroxy-cuuipound  is  formed,  it  furnishes  a  mixture 
aaliojrlic  and  metbydroxybeuKHo  aoid. 

Line  16  from  top,  p.  809,  tha  reference  should  ba,8eab«ilioh.  Ber,  10, 38. 

(1710)  Con»HtiUc»  of  Anthraquinone  Derivatives. — Three  dihydroxy- 
anthraqu  ill  ones  may  theoretically  he  derived  from  metahydro.xy  ben  zoic  acid,  and 
not  two  as  stated  on  p.  810,  where  ont>  of  the  figures  (the  hrst)  is  incorrectly 
printed,  they  are  represented  by  the  tollowiug  symbohi 

OH  OH 


— CO- 


—CO— 


OH 


HO 


^_co->^ 


OH 


(JO— 


The  formation  of  aalicylic  and  mctahy droxybenzoio  ttad  on  fnaing  anthrarufin  with 

potassic  hydrate  can  only  be  exidaiiied  on  the  assumption  that  anthrarufin  is 
represented  by  the  first  of  th*\si.'  fi<j^s.  (Liehermann  and  Dehn.st.  Btr.  12, 
1293).  i«'rom  the  fact  that  anthrallavic  acid  is  the  chief  product,  and  on 
aeoonnt  of  ita  ibnnation  from  anthraqninone,  it  can  hardly  be  doubted  that  ita 
constitution  iarepreaentad  by  the  second  6g.,  and  the  third  therefore  must  be  re- 
garded as  representative  of  metabenzbioxy anthraquinone.  Isoanthraflavic  acid 
not  improbably  has  the  constitution  indicated  by  fig.  i,  p.  810  ;  and  chr3-sazin 
either  corresponds  to  fig.  3,  p.  810,  or  contains  the  hydroxyl  groups  in  the 
positions  3' — i,  since  it  yields  the  same  acids  us  authrarutiQ  on  fusion  with 
potasaic  hydrata. 

(171 1 )  PAenanthraquin(me.'~'QtB  Jk^,  Cktm,  News,  41,  170. 

(*7I5)  Constitution  of  Quinouef, — Comp.  Jl^^Pt  C.  S.  Trans.  1880,  86. 

(1723)  Formic  Acid. — Soda-lime  rapidly  absorbs  carbonic  oxide  at  a  tempe- 
rature of  200"" — 220°,  forming  sodic  formate  (Merz  a.  Tibiri9a,  Uer.  13,  23; 
Gcntber,  Ber.  13, 3237. 

(1739)  DwflftjrArne.— ^!Jomp.  ft.  note  with  note  to  1233. 

(1732)  Ili^ihcr  JTnmologues  of  Acetic  Add, — ^It  has  long  been  remarkable 
that  acaroely  any  of  the  higher  terms  containing  an  uneven  nnmber  of  carbon  afcoma 
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w«n  knows ;  fbe  bknk  his  nfiaoUjlMtn  filled  op  by  tbeprepanition  of  the  acids 

containing  ii,  13,  and  15  carbon  atomji  by  oxidation  of  the  ketones  referred 
to  in  the  note  to  1678  (Krafll,  i?tfr.  12,  1664).  These  acid«  raelt  respectively 
at  28°'5,  4o'''5  and  51°;  and  boil  under  a  pressnre  of  about  100  ram.  at  2i2**'5t 
936*  Mid  257  .   HvgMie  add  boib  nndar  this  prestim  «t  277°. 

(1744)  JSMfraol  Me«.— Tht  jhmaamtk  attsndiiig  the  fomuition  of 
etherMd  salts  have  been  further  studied  by  Menschutkin,  who  has  extended  his 
o1)»enrations  to  many  other  alcohols  and  acids  besides  those  mentioned  in  this 
section  (comp.  Ann.  195,  334  ;  197,  193;  Ber.  12;  665,  2168;  13,  162). 

(1840)  Malonic  ac%d. — The  ethylic  salt  of  this  acid,  like  ethjlio  aoeto- 
aeelife,  vsadily  canliaiigaa  om  oC  Ha  atoms  of  hydrogen  fer  aodinin  when  enb- 
mitted  to  the  action  ei&r  of  eodimn  or  of  sodioettijhie.  The  raeaHuig  mono-  * 
sodium  derivative  is  acted  -upon  by  haloid  compounds,  snch  as  the  moniodo- 
paraflBns,  famishing  derivatives  of  the  form  CHX(C(X>C,Hj),.  which  also  are 
capable  of  exchanging  an  atom  of  hydrogen  for  sodium ;  and  the  sodium  deri- 
vative  thus  produced  may  then  be  converted  into  compounds  of  the  form 
CZT(COOC,H.),  by  tnotment  with  haloid  eompomida.  The  etheiwd  salts 
formed  in  this  manner  mostly  yield  corresponding  acids  on  saponiBcation ;  these 
acids  decompose  when  heated,  evolving  carbonic  anhydride,  derivatives  of  aoetie 
acid  of  the  forms  CH,X.CO()H  and  CHXY'.COOH  being  pro^Jnced. 

£thylic  malonate  is  readily  acted  upon  by  chlorine,  and  converted  into  the 
eUorinated  derivative  CHCi(COOC,HJ, ;  this  is  converted  into  potassie 
tartronate,  CH(OU)(COOE)^  on  treatment  with  potassie  hydrate.  The  deri- 
vatives of  ethylic  malonate  of  the  form  CHX(COOCjHj),  behave  nmilariy. 
Ethylic  rhlorom.ilonatc  and  ethylio  sodiumroalonate  react  to  form  the  compound 
(CCXXyij,CII.CH(C'(J<HJ^H,),.  Lastly,  ethylic  sodium  malonate  and  the 
sodium  derivatives  of  the  malonates  of  the  form  CIIX(CXX)CJI,),  are  converted 
by  nitrons  seid  mtoeonesponding  nitroso>oompounds,  so  that  uw  analc^y  between 
ethylio  malonate  and  aoetoaoetate  ia  complete  (Conrad ;  Conrad  and  fiiaohoff, 
B«r.  12,  249, 1236 ;  18.  595). 

(1864)  Malic  arid. — Although  a  weak  solntion  of  ordinary  malic  acid  is 
laevorotatory,  a  concentrated  solntion  is  deztrorotatoryf  the  variation  in  rotatory 
power  being  expressed  by  the  equation  : 

where  q  ij*  the  wei<2:ht  of  water  in  100  parts  of  sohition,  5 '891  being  the  specific 
rot.  power  of  the  anhydrous  acid.  Sodium  malate  exhibits  a  similar  behaviour, 
its  rotstoiy  power  being  expressed  by  the  eqnation 

J«]»='5**<>» — *3af*a  +  •oooSi84^*  (Schneider,  J?er.  18,  6ao)u 
In  this  respect,  malic  acid  manifests  considerable  analogy  with  dextrotartvic 
acid,  very  concentrated  alcoholic  solutions  of  which,  according  to  Amdtsen,  are 
laevorotatory.  These  fiicts  meet  with  an  explanation  on  the  assumption  that 
the  acid  forms  a  compound  with  the  solvent,  and  that  the  ucid  and  its  compound 
with  the  solvent  are  bod^  of  opposits  rotatory  power. 

(1876)  Diaterehic  acid. — This  acid  and  terebie  seid  would  appear  to  have 
the  Jbllowing  formula  (Bredt.  JBsr.  18,  748). 

(CHJ,C(OH).CH,.CH(COOH),  (Cig^.C.CH,CH.C0OH 

(I  CO 

(1883)  Besoralie  aeid, — ^The  foimida  of  this  acid  as  printed  is  inoomet ; 
it  should  be 
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Aceuaphthene,  357 

„  broni-,  3f8 

„  bexabromide,  358 

Acc  naphthalene,  ^6^ 

AcetaJ, 

dichlor>,  681 
moDobrum-,  6ii 
„     niuDochlor-,  6S1 
„     trichlor-,  (i&i 
Aoeteajlbeoseiie,  343 
Acetates,  ^ 
Acetic  bromide,  8j;i 

cidoride  (acetylic  chloride),  8s a 

action  of^  86 
cyanide,  85  3 
disulphide,  856 
iodid^,  S52 
peroxide,  856 
Acetone,  jjS 

„     action  of  hydrocyanic  acid  on,  770 
chloiubronio-,  782 
dichlur-,  781 

„  chloride, 
diiodo-,  783 
hexabroui-,  783 
hexachlor-,  781 
huuiolugues  of,  783 
monothlor-,  205,  781 
nittxMo-,  915 
pebtabrom-,  783 
pentaclilur*,  78a 
tetrachlor-,  283 
Aoetonitrile,  dibrumouitro-,  172 
diioduuitru-,  177 
dinitro-,  iji 
„       trinitro-,  177 
Acetonylare*,  780 
Acetophenoue,  jS^ 
Acetyl,  bromide,  8^ 
chloride,  8.S2 
cyanide,  85^ 
„     iodide,  852 
Acetylene,  209,  1002, 
, ,      chlor-,  9&5 

dibromide,  213 
dichluride,  ill 
diphenyi-  (tolaue),  381 
dipotauiuui-,  214 
disodium-,  214 
ditolyl-,  382 
etbylpheuyl',  369. 
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Acetylene,  homologuas  of,  2t^ 

„  „  coustitutioa  of, 

ltd 

,f      metallic  derivatives  of,  214, 

LQQl 

phenyl-,  343 

seriee,  table  of  hydrocarbons  of, 

,,      Sixiium-,  214 
„       tetra bromide,  2X2 
Aoetyleneo&pUiiialeue,  36^ 
Acid,  abietic,  239 
„    acecouitic,  9 So 
acetic,  824 

„    higher  homologues  of,  836,1012 
acetuacetic,  906 
acetufurmic  ur  pyruvic,  904 
acetonic,  8^5 

^•acetupropionic  (Uevulioie),  917 
acetorthucuuuiaric,  762 
acetylene4icarboxylic,  983 
aoooic,  973 
aconitic,  979 

„     brom-,  365 
„     chlor-,  965 
adipic,  932,  977  HoU 
„     dibrom-,  $^ 
„     monobrom-,  aii 
sMcintc,  6B& 
8eecnlic,  703 
allylacetic,  961 
amides,  59 

aiuiduacctic  (glyeocine), 
„     camphoric,  977 

formic,  or  carbarn  ic,  979 
hydrozyacetic,  ^01 
malonic,  935 
propionic  (abuiinei  738 
„     pyromecuuic,  999 
amygdadic, 

aochoic  (lepargylic),  933 
angelic,  959 
anhydrides,  6si 

M        of  the  acetic  series,  8^3 
antliraflaTic,  804 

diaoetyl-,  804 
tetrabromo-,  804 
anthraquinoue-carboxylic,  38a 
aiK>8orbic,  949 
arochidic,  839 

aapartic,  or  asparaginic,  936 
axelaic,  or  andioic,  ^3 
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ACI 

Acid,  beheoic,  8.^0 

„    behenoUc,  982 

„  beuzamidacetic,  or  hippnric,  867 
„  bensilic,  or  diphenjigly colic,  jSj 
„    benzoleic,  or  bydrobenzoic,  98a 

benzylseleDiouB,  714 
„    brassic,  964 
„    brassylic.  9^ 

bromacrylic,  965 
^    broiuanilic,  797 

brum  ides,  5^ 

broniitaconic,  971 

bromocitraconic,  972 

bromocrotonic,  967 
„    bromofutuaric,  ^I* 
,,    bromomalcic,  (jji^ 

bromomethracrylic,  966 

bromoDapbtbalic,  358 
„    bromopyromeconic,  999 

butylolactic,  895 

butyric,  normal,  829 
„       „      fleoondary,  bjo 
f,    caiDcic,  690 
„    camphic,  qjj 

campholic,  977 

camphoric,  974 

constitntion  of,  979 

camphoroDic,  977 
„    capric,  812 

caproic,  or  hexylic  isoprimanr,  8^ 
„       „  „       normal,  8^* 

„       „  „      Bccondary,  8^ 

n       >t  >f      tertiary,  834 

„       „  from  pyroterebic 

acid,  21^2 

„  caprylic,  or  octylic,  iso-secondary,  835 
II      II  II       normal,  83^ 

,.    carbacetoxylic,  906 
„    carbamic,  87Q 

carbonic,  8^6 
„    carbolic  (phenol),  475 
ff    carbuTic,  918 

carminic,  690 
„    cerotic,  144,  8^ 

cfaluracrylic,  965 
„    chloranilic,  796 
„    chlorides,  5^ 
,,      „        action  of,  B6 
„    chloritaconic,  972 
„    chloritamalic,  970 
„    chlotrocitracoDic,  97a 
„    chlorocitratualio,  970 
„    ehlorocrotooic,  966 
„   chloromethacrylic,  966 
„  chloromuconic, 
„    chlorotolaie,  319 
,,    chrysophanic,  &28 
„    cimicic,  962 
„    cinnamenylacrylie,  768 
„   citraoonic,  96^ 
„  l«omo-,  021 

„  „       chloro-,  qjl 

f,    dtramalio,  949 
„    citratartaric,  949 
„    citric,.  25a 


1014  ACI 

Add,  comenie,  998 
con  vol  VP  lie,  69a 
crotacouic,  97 1 

crotonic  or  /!}-methacryIie,  952 
„       „      bromo-,  qjl 
,,       „      chloro-,  966 
„   cuproycanic,  99 
„    cyanacetic,  86 1 

cyanic,  Lih 
„      „       oonBtitntiun  of,  112 

cyanilie,  12^ 
„    cyanuric,  121 

„       coDstitntion  of^  lU 
„    daruaturic,  962 
„    decylic,  or  capric,  8^ 

debydracetic,  916 
„    dc-hydrodihydroxybutyric,  906 

dehydroglycolic,  883 
„    dehydrolactic,  890 
„    dehydromncic,  997 
„    dcbydrosarcolactic,  89a 

deaoxalic,  953,  mu 
„    dextrficampboric,  975 
„    dextrouic,  5S5,  625,  903 
dextrotartaric, 
diallylacetic,  9S1 
diaterebic,  (^50,  mil 
diaterpenylic,  950 
„    dibcuzyldiparasulphonie,  361 
„    dibromac«tic,  86x2 
,,    dibromacrylic,  966 
,,    dibromhydrosorbic,  981 
„    dibrotuobutyric,  864 

dibroiiiuchlorobatyric,  864 
„    dibromomaleic,  995 
,,    dibrumopropiouic,  466,  86^ 
„    dichloracetic,  55  r,  859 
dichloracrylic,  965 
dichlurupropiomc,  862 
„    dichloroxybatyric,  jSi 
„    diconic,  980 
dicyanic,  vxi 
„    diethacetic,  or  secondary  hexylic,  834 
„    dietbhydroxyacetic,   or  diethoxalic, 
892 

diethhydroxybntyric,  898 
„    diethoxalic,  897 
„    dietbylmalonic,  231 
„    digitalic,  (xj4 
„    diglycolaiuldic,  867 
„  diglycoletbylenic, 
„   diglycolic,  £ii  88^ 
„    dihydracryUc,  885 
„    dihydroxyaoetic,  or  glyoxylic  899 
„    di  hydroxy malonic,  or  meeoxklic,  958 
„    dibydroxypropionic,  or  glyceric,  90a 
„    dihydroxyauccinio,  or  tartaric,  941 
„    diiodacetic,  86j 
„    diisoamylhydroxyacetic,  898 
„    diisopropylhydroxyacetic,  898  , 
„    dilactic,  890,  noi« 

dimethacetic,  or  isobvlyrie,  830 
„    dimethacrylic,  958 
„    dimethbromacetic,  864 
„    dimethetbacetic  (tertiarj  heiylic),834 
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Acid,  dimetheihoxyacetic,  ^6 
„    dimethhydroxyacetic,  895 

dimethiodacetic,  S6^ 
„    dimetbozalic,  8q^ 
„  dimethylmalonic, 

g-ditncthylauccinic,  933 

dimethyltartaric,  950 
,,    dinitroheptylic,  978 
„    diBitroxyracctnic,  94 g 
„    diphenylcarbozylic,  361 

diphenyleneglycolic,  81 1 

diphenylglycolic  or  beiuUic,  787 

ditartoric,  94^ 
„    doeglic,  96^ 
„    elaidtc,  963 

erucic, 

erythritic,  5^4 
etbacetic,  or  butyric,  829 
„    etbane-Z^icarboxylic,  or  isosaccLnic, 
930 

etbylenecarboxylic,  or  acrylic,  95^ 

ethyleneJactic,  or  hjdracrylic,  8S1 

cthylcrotonic,  961 

ethylbydroxybutyrio,  8^2 

etbylideneUictic,  88; 

ethyl ic  or  acetic,  824 

etbylmalonic,  931 

etbylnitrolic,  107,  168 

etbylsuecinic,  933 

etbyluulphuDic,  708 
„    formic,  821,  loii 
„    frangnlic,  694,  805 

falminuric  OBocyanaric),  125,  177 

fumaxic,  967 

„      bromo-,  ^ 

furfuracrylic,  767,  996 

farfurangelic,  990 

farfuropropionic,  996 
,,    furunic,  996 

glaconic,  £8x,  90^ 

glaoovanillic,  69a 

gluUminic,  q^l 
„    glutanic,  949 
„    glutaric,  9^ 

»»    glyofric,  or  dibydroxypropiooie,  901 

„    glydnecarboxylic,  935 

„    glycoHc,  511^  58^Si 

M    glycyrrhiiic,  1009 

„    glyoxylic,  892 

„  halides, 

heptylic,  or  cenanthylic,  8^ 

heapertic,  696 

hesperlBic, 

bexylbydroxyacetic,  898 

bexylic  or  caproic  isoprimary,  834 
tt       >f  n         normal,  8^ 

„       „         „         secondary,  8^ 
„       „         „         t«rUary,  834 

hippnric,  or  bengamidaoeticTSo? 

bomoTaoillic,  6S5 
„  hyaenic, 

hydracyficTSS^ 
,t    hydriodic,  action  of,  8j 

hydroauricyauic,  lq2 
„    bydrobenzoiC)  982 


Acid,bydrobeDzyIaric,  981 

bydrobromic,  action  of,  83 
„    bj'drochioric,  action  of, 
bydrocobalticyanic,  LLi 
„    hydrocyanic,  90^  looo 

cuu  version  into  formic 
acid,  93 

,,  „  det€ctioa  of,  94 

,,  „  estimation  of,  95 

hydroferricyanic,  loj 

bydroferrocyanic,  104 

hydrofuronic,  (/)6 

hydromeconic,  998 
,,  hydromuconic,  973 
„    bydronitroprussic,  1 1 1 

bydro-oflmiocyanic, 
,,    bydro-oxyc:iinphoronic,  978 

bydroplatiuibromocyanic,  1 14 

hydropl;itinocyanic, 

hydrosorbic,  96] 
„    hydroxyacetic  or  glyoolic,  8Sa 

bydroxyacetoformic,  906 
„    hydroxy  butyric,  895 
,,    hydroxycitraconic,  972 
,,    hydroxycitric,  971 

hydroxyformic,  or  carbonic,  876 
„    hydroxyfumaric,  971 
„    hydroxyisobutyric,  576,  895 
„    hydi-oxyisosuccinic,  or  isooialic,  Q4I 

hydroxy itaconic,  972 

bydroxymaleic,  97^ 
„    hydroxymalonicor  tartronic,  38 

hydroxy paraconic,  97^ 

hydroxypentylic,  896 

o  hydroxypropionic,   or  hydracrylic 
884 

„   ^-hydroxypropionic,  or  ethylidene- 

»  tic.  887 
„  inaciive  (lactic), 

887 

bydroxysncciuio  or  malic,  939 
„    bydroxyvaleric,  896 
„    hypogseic,  §62 

imides,  59 

imidocaprylic,  811 
„    iodides,  59 

iodobutyric,  864 
„    ipomseie  (sebacic),  693,  934 
„    isoamyl,  897 

iaoamyihydroxyacetic,  897 

isobutyric,  8^ 

isocrotonic,  957 
„    isocyanQric  (fulminnric), 
„    isomalic,  or  hydroxy isosuccinic,  q^i 

isopbloretic,  699 
„    isopropaoetic  (isoprimary  raleric),  447 
811 

isoprophydroxyaoetic,  896 
isopropylacrylic  or  pyroterebic,  950, 
961 

isopyromacic,  996 

isosuccinic,  or  methylmalonic,  930 
„  „         monobromo-,  925 

,,    isotrichloroglyceric.  903 
„    itachloropyrotartaric,  9^ 
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Acid,  itacoaic, 
„    itAmalic,  949 
„    itatartaric,  94Q 
„    jalapic,  6312 
„    o  jalapic,  697 
„    jaJaptnolitf,  097 
„  '  UcUc,  <;8i.  7I6,  887 

„     ctheric  acida  derived  from,  889 
Isev'ocamphoric,  975 
„    bevoUrtaric,  943 
„    l«vulinic,  603,  917 
,f  lauric, 

„    lepargyiic  or  anchoic, 
leacic,  S96 

,,    maleic,  968 

„        „     brom>v,  021 

„  chloro-,  IJ21 

„    malic  or  bjdroxjaucciuic,  939,  1017 

„    malooic,  925,  lOLi 

„        „  dibroino-, 

mandelic,  688,  757 

mauuitic,  558,  903 

margaric,  8  >8 

toecunic,  998 

meli&sic,  840 

mesachloropjroUrtaric,  935 

mesacouic,  969 

iQesocuuipbonc,  97S 

meaoxalic  or  dibydrozymalonic,  2^ 

niesuUirtaric,  948 
,,    metac«tuoic  (propionic), 
„    tneUtarturic,  943 
, ,    mt'thancdicarboxylic  or  malonie,  925 
„    methaoetic  (propiuuic),  S28 
„  iueihacetj]eiiecurboxvlicortetrolic,9So 

methacrylic,  958 
t,  f,        bromo-,  066 

„       chloro-,  966 
„    methetbaoelic  (secoDtiiuy  valeric),  4  47, 

metbethbydroxyacetic.  8q6 

„    mebbethbydruxy butyric,  808 
metbolboxalic,  S96 
luetbbexaoetic  (aouylic),  836 

,,    tnetbbydroxyphtbalic,  675 

„    metbydroxyacetic,  or  etbylideoelactic, 
882 

„    metbbydroxybutyric,  896 

,1    loetbylcrotouic,  or  tiglic,  958 

f,    metbyletbttcrylic,  <^ 

„    methylic  (forniic/,  aai 

„    methyl malouic,  or  iBosoccinic,  930 

metbylpropane-a-dicarboxylic,  9^ 

metbyUucciaic,  or  pyrotartaric,  q^ 

moaiuiacelic,  ji^u 
„    mooiodopropionic,  &61 

moDobromiic«tic,  S5o 
ft    a-mouobromopropioaic,  S^i 
„    /S-monobrotuopropiotiic,  8^ 

moQocbloractitic,  8^ 

mouuchlorobatyric,  863 

a*mouocbloroprupiuuie,  861 

/9-mouocbIoroprupioaic,  Ml 
„    moQouilrobeptyiic,  978 


Acid,  moringic,  963 
„    mucic,  5S7,  611,  25f 
„    mucobrumic,  99^ 

mucocbloric,  <^ 
„    muoonic,  Qji 

myriatic,  238- 
„    myronic,  O92 

napbtbalic,  3^ 
,t   nitric,  action  of,  &x 
„    nitrococcusic,  690 
„    nitropyrauecumc,  999 

/S-nitrosopropiooic,  915 
„    nitroas,  action  of,  8l2 

/3-nitroxypropiouic,  889 

nonyiic,  or  pebu-gonic,  normal,  8 36 
„  „        iaopriiuary,  8^6 

octylic,  or  caprylic,  normal,  S35 
„        „  „      i80B«condary,  8^5 

oenaatbylic,  or  heptylic,  S3 4 

oleic,  962 

orstillinic,  fiS 
„    orthocarbooic,  S77 
„    ortbo  benzoyl  beiuoic,  386 
„    orthoformic,  823 

oxalic,  ^20 

oxyaoetic,  or  glycolic,  SSi 

oxybutyric,  or  bydioxybutyric,  89^ 
„    oxycampboronic,  978 

oxisubuiyric,    or  bydroxyiaubutyrie, 
£16,  825 

oxypicric  (trinitroresorcxnol),  5*3 

oxypyrumeoazonic,  999 
,,    oxyteiric,  981 

oxy  valeric,  ^16 
„    palmitic,  838 
„    palmitolic,  981 

pamWazuylbentoic,  385 
„    paracauipboric,  975 
„    paraconic,  2Ji 

poradipimalic,  885 
„  para^ic, 

paralactic,  8^ 
„    parametbL-xypbenylacrylic,  764 

parapbeuylbeuzuic,  38^ 
„    pelarguuic,  or  aouylic,  normal,  836 
„        „  „        iauprinury,  8^ 

„   peutaae  a-dicarboxylic,  933 
„    peotic,  981 

peniylic(valcric),  830 

pboronic,  978 

peraalpbocyanic,  liq 
,,    phenuldisulpbonic,  479 

phenoltuetasulpboDic,  479 

pbcuolortbosulpbouic,  478 

pbenolpai'asalpbouic,  478 
„    pheuolprupiooic,  493 
„    pbeuoltriaulpboaic,  479 
„    phloretic,  69<^. 

„    picramic  (amidodinitropbenol),  478 
t,    picric  (trinitropbeuol),  476 
„  pimelic,2^2^ 
„    pivalic,  783 

„    propacetic  (normal  valeric),  8.^0 

„    proi>ane-a-dicarbox}  lie,    or  glutaric, 

930 
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Acidipropaoetricaiboxylie,  or  txicarballylie, 
propiooic,  SiS 

propylaorylic  ^hydrosorbic),  961 
propyluitrolic,  lLH 
prassic  (bydrocyaoio),  go 
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pyromeconic,  999 
pyromucic,  lob 


760 


tetrauromide,  Q94 
/5-pyromucic,  767,  996 
pjroraceiuic,  or  pyruvic,  904 
pyroiartane,  ^ 

„  itucLloro-,  9^ 

me»ackloro-,  935 
pyroterebic,  950,  961 
pyruvic,  or  pyroracemic,  904 
quarteuylic,  or  iaocrutonic,  957 
quiuovatauaic,  699 
qoinoTic,  699 
racemic,  94D 
ratauhia-taiuuc,  700 
Hciooleic,  917 
rooellic,  934 
rosolic,  763 
raberytbric,  802.  noU 
rablacic,  802,  note 
rufigallic,  802 
ratio,  or  capric,  837 
aaccbaric,  950 
saliuyiic,  930 

salicylouB  (salicylic  aldehyde),   

sarculactic,  8(^ 

„       optical  activity  of,  891 
scammonio,  092 
SJieele'a  (bj"(Kocyanic),  23 
sebacic,  or  «ebic,  934 
Borbic,  981 
stearic,  839 
stearolic,  983 
Btearuxylic,  98  a 

stypbuic  (trimtroresorcinol),  533 
suberic,  933 
soccinic,  935 

(ubromo-,  934 
iDonobromo-,  934 
,,       tribruMO-,  934 
ralphocamphoric,  925 
Bulpbocarbuuic,  or  thiocarbonic,  &So 
sulpbocyanic,  110 
tanipicic,  703 
tauipiuolic,  703 
tannic  (tanoin),  703 
tartaric,  gil 
tarlrelic,  943 
tartrouic,  938 
teracrylic,  962 
terebic,  738,  950 
terpenylic,  138.  950 
tetrabydrobenzolc,  or  benxoleic,  982 
tetiabydruxytetronedicarbozy Uc  (sao- 

ciiario),  950 
tetramethybuccinic,  933 
tetntuti^lyciuecarboxylic  (glutaminic), 

tetnc,  981 
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Acid,  tetroHc,  980 

tetryliicetic,  or  caproic  isoprimary,  Sj[^ 

I,         II  normal,  8ii 

tetrylic  (botyric),  839 
tbiacetic,  &&i 

tbiocarbonic,  83q  , 
tbiodiglycoiic,  884 
tbioglyooUc,  884 
thojetic,  22i 
tiglic,  958 
tribromacetie,  86a 
tribromolactic,  893 
tricarballylic,  953 
tricbloracetic,  513,  8f  9 
tricbloracetonic,  782 
trichlorbydroxyvaleric,  896 
tricblorobutyric,  516,  864 
tricblorolactic,  744,  893 
trigeoic,  736 
triglycolamidic,  867 
trihydrooyanic,  ^4 
trihydroxybutync,  903 
triojiotliactiUc  (tertiary  Taleric),  44  7i 

.  783.  83a 
trinitrocresotic,  690 
tarpetbic,  704 
turpetbolic,  704 
urochloralic,  5 14 
valeric,  isopriuiary,  831 
„      primary,  830 

secondary,  8^ 
,,      tertiary,  8^ 
vanillio,  684.  685 
veralric,  6S1 
xautbic.  880 
xeniiiic,  974 
AcidLydrola,  623 
Acid^,  acetic,  series  of,  &20 

„  hftloid  derivatives  of,  85  7 

„  hydroxy  1  derivatives  of, 

811 

acrylic,  series  of,  9^ 

auuido-,  864 
bromacetic,  &6a 
camphoric,  97* 
caproic,  833 
carbo-,  ^6 
carboxylic,  56 
cbloracetic,  8f8 
definition  of,  S16 
etbauedicarboxylic,  925 
etherio,  derived  from  lactic  acid,  889 
general  properties  of,  Hih 
glyoolic,  or  lactic  series  of,  82i 
haloid  derivatives  of,  ^ 
hexanedicarboxylic,  9^ 
hexylic,  or  caproic,  833 
hydroxyadipic,  949 
hydroxy  butyric,  894 
hydroxy capruic,  896 
hydroxydodecylic,  898 
liydroxybeptylic,  8^7 
hydroxyoctylic,  898 
hydroxypropane-o-dicarboxylic,  949 
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AcidSfbydrozTTaleric,  896 
,,  iodaoetic, 

ketonie,  904 
„    luetic,  Si£ 

maleic,  series  of, 
„    malic  (isomeric) ,  2£i 

modes  of  formation,  817 
„    nitrolic,  162 
organic,  ^ 
pentanecarboxylic,  9  ^1 
,,    pliosphouic,  ^ 

propanedicarboxylie,  930 
pyrocitric,  969 
succinic  series  of,  ^18 
,,    sulphuric,  52 
„    sulpho-,  £1 
„    sulphonic,  y 
„    tetranedicarboxylie,  93? 
,,    thiooarbonic,  8liQ 
,,    Taleric,  series  of,  830 
Acraldebyde,  or  acrolein,  545,  75a 
Acrinyl  thiocyanate,  701 
Acrolein,  or  acraldebyde,  545,  75a 
Acrothialdin,  754 
Aciylates, 

Action  of  Imlogens  on  earbon  compoands, 

.flsc'igenin,  6SS 
iEsorcein,  687 
^scircin, 
•Eflculetin,  682 

„       par-,  682 
„        triaoil-,  682 
„        triacetyl-,  687 
.^t^acalin,  682 

hexaoetyl-,  682 
„       trianil-,  682 
Agent*,  dehydrating,  action  of,  8^ 
„     oxydizing,  action  of,  21 
,,     redncing,  action  of,  2i 
Ajowan,  oil  of,  a^ 
Alanine,  or  propane -glycine,  738,  S68 
/Ij-alaninea-carbonamide,  926 
Allan,  246 

ALohol  (ethylic  alcohol),  425.  loos 
f,     absolate,  4a6 
,,      allylic,  464 

,,     amidoethyIic(aldehyde  ammonia), 

737.  loiQ 
,,     amylic,  higher  homologuea  of,  457 
II  1 1  isoprimary, 

,f  „    normal  primary,  4^5 

„         ,,    tertiary,  450 
„     benxylic,  ^ 
„     bromopropylic,  ^ 
,,     butylic,  normal  primary,  438 
II  II     isoprimary,  438 

„  ,,     secondary,  4^ 

„  „     tertiary,  ^ 

„     oerylic,  452 
„     oetylic,  4^2 
„      o  chloropropylic,  514 
,,      cinnamic,  495 

,,     coniferylic,  6^1 
„     cumic,  494 
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Alcohol,  eaminylic,  494 
,,       cyanethylic,  736 
decylic,  457 
diaoetonic,  780 
dichlorisopropylic,  541 
dichloropropylic,  541 
diglyceric,  546 
etbyleaic,  509 
ethylic,  4^5i  1005 

,,    higher  homolognea  of,  457 
ilnorene,  503 
forfurylic,  766 

heptylic,  normal  primary,  454 
„       isoprimary,  ^ 
„       secondary,  455 
„  tertiary, 
hexylic,  normal  primary,  4ga 
isoprimary,  45a 
secondary,  45  a 
tertiary,  45  J 
iodopropylic,  5»5 
isopropylic,  4^ 
melissic,  457 
menthylic,  467 
methylic,  472,  1005 
mononitrobenzylic,  490 
naphthalenic,  554 
oetylic,  or  caprylic,  primary,  456 
paratolylic,  49a 
jiaroxylienzylic,  263 
phenylethylic,  primary,  421 

„  secondary,  49  a 

phenylpropylic,  primary,  434 
■I  11  Becondiry,  4^ 

„      pi|)eronyIic,  765 
„      proiiargylic,  462 
„      propylic  chloro-,  191 
II  II 

primary.  4^ 
„      secondary,  435 
„      sycoccrylic,  495 
„      thioallyiic,  6^ 
„      thioamylic,  bin. 
„      thiobeuzylic,  662 
„      tbiobutyric,  f*ftt 
„      tbioethylic,  661 
„      tbioisobutyiic,  6da 
,,      thioisopropylic,  66i 
„      thiomethylic,  061 
„      thiopropylic,  66i 
„      triglyceric,  £46 
„      Tauillylic,  76.S 
„      Tioylio,  aij 
Alcohols,  £i  403 

„       allylic,  series  of,  464 
„       amylic,  444,  100s 
II  II      secondary,  449 

„       benzene  series  uf,  469 

benzylic  seriea  of,  4W,  471 
butylic,  438 
dibydric,  ';o4 
ether-,  6&2 
ethylic  series  of,  404 

classification  of,  405 
diagnose*  415, 
1004 
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Alcohols,  etbylic  series,  of  formation  of, 

407 

„         „       „    haloid  derivatives  of, 

461 

„        ,,    isomerism  of,  406 
„  „       ,,    properties  of,  415- 

general  characters  of,  403 
„  „    review  of,  563 

„       heptylic,  4^  563^  loo.s 
„       hexylic,  ^ 
„       nonylic,  4^2 
„       octylic,  456 
,,       pentylic,  ^ 
,,       polyglyceric,  546 
„      primary,  405.  407,  416 

pnjpylic, 

secondary,  405,  410,416 
tertiary,  405,  ^it^  412 
thio-  (niercaptans),  659 
„       tritylic  (propylic),  ^ 
Aldehyde,    acetic  or    ethylic,  212 
Ethaldehyde) 
.acrylic  (acrolein),  ill 
v^jnmmonia,  221 

compounds  of,  22I 

amylic^  Zfio 
suiisic,  76.^ 

benzoic,  7^  (tee  Benzaldehyde) 

„  homoIOgUPB  of,  U2JLQ 

butyric,  248 

caproic  (hexAldehyde),  1^ 
oetylic,  Jii 
chlorobutyric,  ilA 
cinnamic,  -241,  767 
ero tonic,  754 

cnmic  or  cuniinic,  34I,  766 
diphencth*,  1006 
etbylic   or  acetic,    212  ("^ 

Ethaldehyde) 
formic,  212. 
isobutyric,  749 
isovaleric,  750 

methyleneprotocatechnic,  765 
methylic,  723 
metbylprotocatechuic,  764 
nApbtboic,  768 

cenanthylic  (ceoanthol  or  bept- 

aldehyde),  751,  1010 
oxalic  (glyoxal),  768 
oxybutyric,  748 
palmitic,  75 1 

parametadioxybenioic,  764 
paraoietametbylenoxybenzoic, 

parumethoxybeni^io  or  anisic, 

paramethylbenzoic,  765 
paratuluic,  765 

paretb  oxy  aietamethoxy  benzoic, 

paroxybenzoie,  763 
paroxymetametbozybenzoic, 

692,  764 
phenetb-,  loia 
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Aldehyde,  phenylncetic,  76s 
phenylacrylic,  767 
pbthalic,  770,  LQlQ 
piperonylic,  765 
propionic  or  propylic,  747 
protocatecbuic,  7O4,  iqip 
a-pyromucic,  766,  uio 
/S  pyromucic,  767 
-resin,  7ii 
salicylic,  760 
succinic,  770 
terepbtbalic,  770 
toluic,  765 
tricblorobutyric,  749 
valeric,  750 
Aldehydes,  55^  JIA 

„        aromatic,  755 

ff       formation  of,  7x5 

f,       general  properties  of,  716 

„       pent-,  jio 

table  ot^22,  755 
Aldehydin,  737 
Aldehydrols,  504 
Aldines,  791 
A  Idol,  222i  14? 

, ,     poiymerides  of,  7»S 
Ale,  421 
Alizarin,  &az 

amido-,  804 
brom-,  804 
constitution  of,  376 
diacetyl-,  804 
isomerides  of,  8o4<  lOl  I 
maou&cture  of,  803 
methyl-,  807 
nitro-,  804 
Alkalis,  action  of,  85 
Allene,  aoS 
Allylacetone,  789 
AUylbensene,  341 
Allyldimethylcarbinol,  466,  lOOS 
AUylene,  iil 
„       iso-,  113. 

moniod-,  468 
monobrom-,  468 
monochlor-,  I6S 
Allyienio  dibromide,  206 
oxide,  iiH 
„       tetrachloride,  1^ 
Allylic  acrylate,  Q12 
bromide,  205. 
„     brom*,  acetate,  2136 
„    nitrate,  206 
,,     tbiocyanate,  206 
,,     chloride,  203 
formate,  847 
„     iodide,  207,  544 
„     mercur-,  iodide,  107 
sulphide,  7JJ 
tri  bromide,  L^a 
tricyanide,  US 
„     trioxide,  679 
A  loin,  808 
Aloxanthin,  SoS 
Alaminic  acetate,  827 
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A  marine,  i^ 
Amic  acids,  5^ 
Amides,  addp^ 
Amid  in  (tUrcb),  6Jl6 
Amidon  (starch),  (ijit 
Aminea,  ^ 

Ammoaia  type  examples  of,  6^ 
Ammoaic  acetate,  &Ih 
,,       adipate,  933 

carbamate,  879 
cyanate,  118 
malaie,  940 
sulphocjanate,  L2Q 
,,       thiucarbouatea,  S81 
Amygdalin,  C^SB 

„        heptacetyl-,  688 
Amylaceous  group,  616 
AmylacetyleQe,  (ttuauUiylideiie),  211 
'Amylcarbiuol,  455 
AmyldimetLylbeuzeue,  196 
Amylene,  195 '44^  {note),  835  {note),  isioi. 

«,  dibrom-, 
Amylenic  chloride,  uii 
„     hydrate,  ^fo 
„     oxide,  67Q 
Amy  lie  chloride,  ifi2 
„     hydride,  ijj 
,,  iodide, 
Amylio,  or  dextriu,  617,  iqqq 
Amylmetbyl,  139 

Amylmethylbeuzene,  296 
Amylodextrin,  634 

Amylon,  .»r  starch  sugar,  612.  626,  looR 
Amylum  (starch),  6Ui 
Aualysia,  calculation  of,  ^ 

of  bodies  ooutaiuiug  nitrogen,  22 
of  carbon  comiwunds,  ^ 
of  gaseous  mixtures,  32 
of  liquids,  2x 
proximate,  2 
..       ultimate,  4,  11,  1000 
Anethol,  2^  67^  icog 
Angolates,  960 
Anhydride,  abietic,  2^ 
acetic,  8^ 
amidocamphoric,  977 
bromociti-aconic,  971 
camphoric,  976 

bromo*,  976 
citraoonic,  ^g,  note 
chlorocitraconiu,  97a 
diacetotartaric, 
diacetuxysucciuic,  945 
glutaiic,  931 
hydroxycamphoric,  976 
nialidc,  (^69 
methylauccuiic,  931 
pyrotarLaric,  <^ 
Bucciuic,  947 
sulphocyauic,  no 
taitaric,  y^j 
thiacetic,  856 
trimothacetic,  836 
xeronic,  9-4 
Anhydrides,  acid,  ^ 
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Animal  oil,  Dippel's,  358 
Anise,  oil  of^  2^1 
Anisol,  674 
Anisylic  hydride, 
Auol,  496 
Authraoeae,  320 

coDStitutioQ  of,  374,  1004 
dibrom-,  ^24: 

tetrabromide,  ^jA 
dichloro-,  374 
dichloride,  373 
<iil»^<iro-.  ^jTuA 

h*'xahyun>-,  3£5,  373 
methyl-,  382 
moDubrom-,  374 
moiiochior-,  373 
tetrabrom-,  374 
tetrachlor-,  374 
tetroxy-,  803 
,,        tribrom-,  ijA 
Anthrachrysone,  807 
Aiithralliivouc,  8o<i,  101 1 
Aathragallol,  807 

Anthrahydioquinoae,  or  antbraqoinol,  536, 

1007 
Aothranol,  iaa& 
Anthiuquinone,  8qi 

constitution  of,  and  its  de> 
rivaiiTes,  374iSo9.  laii 
dibrom-,  801 
dichlor-,  80 1 
dimethyl-,  807 
dinitro-,  Sot 

dioxy-,  dehvatiTCt  of,  801 
et  seq.  {tee  also  Alizarin) 
erytbroxy-,  801 
hexoxy-,  802 
methyi-,  807 
mooobrom-,  8qi 
mouoxy-,  8qi 
sulphonic,  acids  of,  Soi 
tetroxy-,  807 
„  trioxy-,  derivatiyes  0^  8o£ 

ct  <fcy. 

Anthrarufin,  loi  1 
Anthiols,  S04.  1006 
Apbrodesciu,  688 
Api^enio,  688 
Apiin,  688 
Arabin,  589.  651 
Arabinose,  654 
Arbutin,  68^ 
„      di-,  689 
„      tetrauitro-,  689 
Argentollylene,  2_i8 
Argentic  acetate,  8i6 
,,     acetoformate,  905 
acrylate,  956 
aogelate,  HhQ 
butyrate,  830 
crotonate, 
cyanide,  99 
cyanurates,  isa 
duuethacrylate,  960 
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Argentic  diroethetbacetate,  83 
formate,  833 
„      falminate,  t2^ 
faronate,  qq6 
heptylate,  Sj^ 
„      h  yd  racry  late,  or  a-hydroxypropio- 
nate, 
iaobatyrate,  830 
180  valerate,  83J 
meconate,  998 
methetbacetate,  833 
nonylate,  836 
potassic  falmiiutte,  114. 
„      propionate,  83S 

pyruvate,  or  acetoformate,  905 
„      trimethacetate,  833 
Argol.  941 
Araidn.  690 
Arrack,  431 
Arrowroot,  6^1 

Arw»Tiicura,  in  carbon  oomponnda,  deter- 
mination of,  lit 
Artiads,  42 
Asparagine,  9S6 
Asphalt,  146 

Asymmetric  carbon  atom  hypothewia,  986 
Atom,  diatingraiahed  from  molecale,  42 
Aurantin,  690 
Anroas  cyanide,  mi 
Austracamphene,  235 
Anstraterebenthene,  234 
Avogadro'fl  law,  38 

Balsam  of  Canada,  339 
Barbaloln,  8q& 
Baric  acetate,  826 
angelate,  960 
caprate  (rotate),  838 
„   caproate,  83^ 
,,   cobalticyanide,  LLl 
diraetbacrylate,  960 
dimethethacctate,  834 
dimethoxalate,  89S 
„   heptylate,  835 
isncaproate,  834 
isovalerale,  831 
methetbacetate,  832 
nitropnisside,  1 1 1 
nonylate,  836 
octylate,  8^ 
oleate,  964 
pelargonate,  836 
propionate,  &3lS  ' 
pyromeconate,  909 
tri  m  eth  n  eetate,  033 
valerate,  8^1 
Bariey  sngar,  f97 
Barraa  (g  ilipot),  226 
Bay,  oil  of,  34.1 
Beer,  ±2i 
Benylene,  ^22 
Benzaldebyde,  755 

dicBloro-,  7^ 
„  haloid  derivatires  of,  253 

bomolognes  of,  765 
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Benzaldehyde,  metanitro-,  7(^0 

nitro-derivatives  of,  760 
orthocbloro-,  760 
orthometboxy-,  761 
orthoxy-  (salicylol),  760 
paracbloro-,  2^ 
thio-,  2i2 
tricbloro-,  760 
Benzene,  258,  1003 

action  of  re-agents  on,  1004 
ally!-,  3^ 
amyl-,  13^ 
amyldimetbyl-,  336 
amyl  methyl-,  396 
benzyl,  (diphenylmethaoe),  360 
bromiodo-,  31 1 
bromo-,  300 
bn)roonitraroido-,  333 
broraotrimetbyl-,  331 
/S-bntyl-,  iM 
chloriodo-,  3_ij 
ehloro-,  305,  1004 
chlorobromo-,  31  r 
chloromethyl-,  3 13 
chloromethylchlom-,  314 
chloromethydicbloro-,  3i«; 
chloromethylpentachloro-,  317 
chloromethyltetrachloro-,  3t6 
constitution  of,  261.  370.  338, 

817,  note 
cyano-,  337 

deriratives,  constitution  of,  364. 
diaceteoyl-,  385 
di benzyl-,  385 
dibromo-,  300 
dichloro-,  307 
dichloro methyl",  314 
dicblorometbylcbioro-,  31^ 
dichlon^methyldichloro-,  316 
dichloromethylpentachloro-,  317 
dicblorometbyltetrnchloro-,  317 
dicbl'iromethyltricbloro-,  316 
dichlorotetroxy-,  796 
diethyl  ,  333 
diethylmetbyl*,  2^ 
diiodo-,  311 
dimethyl-,  28^ 
dinitro-,  32^ 
ethyl-,  2 84 
ethylbromo-,  321 
et"'yldiinethyl-,  294 
e  ■hylmethyl-,  2M 
ethylniiro-,  ^2!!. 
floor-, 

hal»id  derivatives  of,  3^ 
hexabroroide,  300 
bexachloride,  305 
liexabrr»mo-,  1004 
hexnchloro-,  ;,ov 
bexyl-,  296 

bomolognes  of,  2  76,  too 3 

„       action  of  hydrogen  on, 
281 

„      action  of  halogens  on^ 
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Benzene,  homologaes  of,  oxidation  of,  i7g 
iodo-,  .^10,  1 004 
isocyauo-,  328 
isopropyl-,  ^86.  roo.^ 
raetabroiniodo-,  31 1 
metadichloro",  308 
metadibromo-,  301 
metadicyano-,  3ig 
metadiiodo-,  .^^r  1 
metadimethjlbromo-,  321 
metadimethyldibromo-,  3i_t 
metadiuxy-,  5a  i 
metanitrocyano-,  318 
metatrtbroino-,  .^06 
methyl-,  7S^  {see  Toluene) 
methylcbloro-,  313 
methyldichloro-,  3i4 
methyldipropyl-,  297 
I mctbylpentachloro-,  316 
methyltetrachloro-,  316 
methyltrichloro-,  ^ 
nitro-,  323 

dibaloid    deriTativeB  of, 
Ul 

,,    monohaloid  derivatives  of, 

„    tribaloid   derivatives  of, 

Ul 

nitrodichloramido-,  33.^ 
Ditroparodimelbyi-,  ^2/; 
ortbochloriodo-,  31 1 
ortbodihromo-,  302 
ortbodicbloro-,  308 
ortbodietbyl-.  293 
ortbodiiodo-,  31 1 
orthodinitro-,  .^24 
orthodioxy-,  524 
ortbotribromo-,  304 
oxydimethyl-  (xenol),  492 
oxyetbyl-,  ^33 
parabroiniodo-,  311 
paracbloriodo-,  3 1 1 
parachlorobromo-,  311 
para<libroma-,  300 
paratlicbloro-,  307 
panulicyano-,  329 
pamdictbyl-,  293 
paradiuitro-,  324 
paraditnctboxy-,  .t;33 
paradiiuetbylbrouo-,  321 
paradioxy-,  525 
paradipbenyl-,  385 
pfimpropylmethyU,  28Q 
paratribroino-,  302 
paratricbloro-,  .^09 
pentfibrorao-,  ^05 
I)oiitacbluro-,  .^oq 
proiKsri ies  of, 
propyl-,  Thh 
propyldimetbyl-,  25^ 
propylisoprupyl-,  1003 
propylnietbyl-,  281^ 
Byiiilx)!,  Kekulc's,  33S 
table  of  homolo^ues  of,  278 
tetrabrotuo-,  305 


BeDzene,  tetracbloro-,  309 

„       tetrachlorodioxy-,  796 
tetramethyU,  2^ 

,,       tribromo-,  302 

„       trichloro-,  309 

,,       tricbloroinethyl-,  3jj 

„       tricbloromethylchloro-,  316 

„       tricbloromethyldichloro-,  316 

,,       trichlorometbyltetnichloro-,  317 
triohlorometbyltricbloro-,  317 

,,       trietbyl-,  796 

,,       triixlo-,  .^i  I 

triraethyl-,  282 

,,       trinitro-,  100  4 

„       triphenyl-.  390 
Beuzhydrol,  50.^,  786 
Beiizil  (dibenzoyl),  7S2 
RinziiDidc,  75S 
Henzohelicin,  695,  699 
Benzoin  (l>enzoylpbeD^carbinol),  jSj 
Benzonitrile,  .^^2  7 
Beiizopinacone,  786 
Benzoyl  hydride,  75.:; 
Bonzoylpbenylcarbinol  (benzoin),  78^ 
Benzyl iicDzene,  or  diphenylmethaue,  360 
Benzylethylbenzene,  363 
licnzylic  or  benzoic  alcohol,  490 

,,     bromide,  ^i^ 

,,     chloride,  31^ 

„     oxalate,  21i 

„      selenide,  213 

,,     sulphide,  U_7 

,,     sulphydrate,  662 

,,      telluride,  714 
Benzyliuetaxylene,  363 
Benzylnaphthalene,  383 
Benzylparaxylene,  363 
Benzylphenyl,  503 
Bcnzyltolueue,  oftho-,  362 
„  para-,  362 

I,  tetranitro-,  36^ 

Bergainot,  oil  of,  2^ 
Bctaorcin.  5^3 

Benzoic  chloride,  action  of,  8fi 
Bitter  almond  oil,  2^ 
Bitumen,  146 
Bi>uds,  4^ 
Bone  oil.  2^8 

Bones,  destructive  distillation  of^  258 
Bornenee,  240 
Borneo  camphene,  233 
Borneo  camphor  or  bomeol,  791 
Borneol,  791 
Bomesite,  56a 
Braii.ly,  ^ 
British  gum,  623 
Broniacetic  bromides,  S6q 
Bromal,  jAl 
Bromalide,  894 
Bromal  ly lie  acetate,  lofi 
,,        nitrate,  loh. 

thiocyanate,  lod 
Bromhydranil,  526 
Bromhydrina,  ^  463 
Bromine  acetate,  850 
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Bromine,  determioatioQ  of,  in  carbon  com- 
pounds, iS 
Bromobutylene  bromide, 
Bromoform,  153 

Bromopicrin,  or  tribromonitromethane,  i 
Rromoxaform  (pentabromAcetune),  2^ 
Hryonin,  6go 
Bryoretin,  690 

Bur  sen  8  method  for  combastioos,  iH 

Butaldebyde,  jAl 

Butane,  haloid  derivatiTes  of,  ihi 

,,     dihromo-,  ifij 

„     iBo-,  liS 

mouiodo-,  Ldj 

,,     munobromo-,  idl 
monochloro*,  (61 

,,     normal,  ij8 

,,     tetrabromo-,  162.  119 

,,     tribromo-,  162 
Itutanes,  Ij8 
Buteue,  191 
Butylcar&iDoI,  445 

secondary,  4^5 
Butyldimetbylcarbiuol,  tertiary,  45 .S 
Butyleue,  or  tetrylene, 

„      dichloro-,  i£± 

„      nonual,  i^j 

„      a-pheuyl-,  ^ 
/S-pbenyl-,  312 
Hatylenic  bromides,  ihi 
Butylethylene,  >9y,  196 
Butylic  aldehyde, 

,,     bromides,  161 

,,     chlorides,  liii 

„     hydride,  y8 

,,     iodides,  101 
Butylmethyl,  139 
Butylmethylcarbinol,  primary,  ^ 

,,  secondary,  4^ 

Butyric  aldehyde,  7^7 

cEloro-,  2^ 

,,     peroxide,  856 

CvisciOESiK,  690 
Caincin,  690 
Cajeputol,  467 
Calamus,  oil  of,  197 
Calcic  acetate,  &2h 

,,    adipatc,  231 

, ,    angelate,  960 

,,    butyrate,  823 

,,  capr.-ate, 

,,    carliamate,  Sjf^ 

,,    citrate,  952 

„    dibydroxyacetate,  or  glyoxalate,  goi 

„    dimethacrylnto,  960 

„    glycolate,  or  bydroxyacetate,  88^ 

M    glyoxylate,  qoi 

„    heptylate.  8j5 

„    hydracrylate,  or  a-hydroxypropio- 
naie,  SSj 

isobutyrate,  830 

isocaproate,  834 
„    lactate,  8Sq 

malate,  940 


Calcic  octylate,  8^ 
„    pimelate,  q^3 

propionate,  828 
„    succinate,  927 
„  tartrate, 
,f    trimethacetate,  S33 
„    valerate,  83J 
„    xcronate,  974 
Calculation  of  analyses,  35 
Camphenes,  232 

„        Austra-,  2i5 
„        liorneo-,  2^ 
tero-,  2^ 
Campholene,  977 
Camphor,  790,  laiQ 

Borneo,  7^ 
constitution  of,  79a 
from  campheue,  237 
,  feverfew  oil,  790 

,,  laurel, 
„  monobromo-, 
„       monochloro-,  792 
„       oil,  240 
,,       sodium-,  790 
Camphoric  peroxide^  237 
Canada  balsam,  239 

Cannel  coal,  destructive  distillation  of,  254 
Cane  lugar  (saocbaron),  593,  looR 
Caoutehin,  rj^ 
Caoutchouc,  2^ 
Caprylidene,  2^ 
Caramel,  598 
Caraway,  oil  of,  241 
Carbamines,  proi>ertie8  of,  1 7^ 

,,        table  of,  173 
Carbinols,  405 

diagnosis  of,  1004 
,,       tertiary,  1004 
Carbo-acids,  56 
Carbohydrates,  562 

constitution  of,  654 
„         nomenclature  of.  6.; 9. 
i»         reducing  power  of.  68. 1 00  7 
«t         specific  rotatory  power  of, 

„         synthesis  of,  1008 
Carbon  dichloride,  201 
Carbonates,  8^6 
Carbonic  tetrabromide, 

tetrachlori<'e,  1^ 
„     tetr  iodide,  15 1 
Carbonyl-dibiuret,  j_i2 
Carljothlaldiue,  739 
Carboxylic  acids,  56 

Carbureited  hydrojjen,   light  (methane), 

m 

M  II         heavy  (ethylene), 

183 

Carius*s  method  for  determining  chlorine, 

bromine,  and  iodine,  28 
Carmine-red,  690 
Carpene,  224 
Carvacrol,  494 
Carvene,  24 1 
Carvol,  2£i 
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Casmn,  oil  of,  74^ 
Catechol,  or  pyrocatechin,  514 
dimethyl,  68a 
methyl-,  j^a 
monetbylin-,  683 
Cedriret,  or  coeralignone,  800,  lolq 
Celluloae, 

,,     estimation  of,  646 
,,      hydro-,  650 
„     nitro-,  649 

,,     Bolable  in  ammoniacal  oxide  of 
copper,  647 
Cemtene,  199 
Oetene,  or  cetylene,  153 
Cetenylene,  22a 
Cetine,  122 

Cetylene,  or  cetene,  152 

,,      dibromide,  2^ 
Cetylic  bromide,  163 
„     chloride,  163 
,,     iodide,  16^ 
Change  of  valency,  47 
Chapean  (of  must),  433 
Cb«mical  types,  67 
Chemistry,  inorganic,  l 
„        organic,  Li  49 
physiological,  1 
Chinese  yellow,  700 
Chinizarin,  804 

„        cnnstitntion  of,  376 
Chloraeetic  chloride*,  859 
Chloracetin,  676 
Chloral,  2i3 

,,     alcoholate,  683 
ammonia,  7^ 
„     hydrate,  744 
metar,  7^ 
Chloralide, 

„       and  analogous  eomponnds,  8<23 
„       glycolic,  §24 
„       lactic,  894 
Chloranil,  or  tetrachlorqnioone,  795 
Chlorethylic  acetate,  7i|P 
Ch'orhTdrinimide,  ^42 
Clilorhydrins,  54.  463 
Chlorine  acetate,  849 

iodine  and  bromine,  determina- 
tion of,  in  carbon  compounds,  lii 
Cblorhydranil,  £76 
Chloroform,  151 
Chlon>picrin,  ij;o 

Chloropropylenic  oxide  (epichlorhydrin),  541 
Cbolesterin,  496,  Looh. 
Cbrysazin,  805,  1006,  loi  1 

oxy-,  H02 
Chrysene,  386 

,,       dihromo-,  387 
dichloro-,  387 
dinitro-,  38  7 
mononitro-.  387 
\,       series  of  hydrocarbons,  386 
tetmnitro-.  3S7 
Chrysenehydrcquinone  orchrysoquinol,  537, 
812 

Chrysoquinone,  38/1  8ia 


Chrysorhsmnin,  700 
Cider,  433 
Cinnamene,  34 o 

„        kroino-,  34I 

„        chloro-,  341 

,,        dibromide,  3^ 

„  metft-, 

„        nitro-,  342 

„       series  of  hydrocarbons,  340. 
1004 

Cinnamon,  oil  of,  24I 
Cinnamol  (cinnamene),  340 
Cinnamic  chloride,  343 

„       cyanide,  341 

„       iodide,  341 
Citronellol,  467 

Classification  of  carbon  oompoonda,  49 
Cloves,  oil  of,  1Q7 
CoaJ,  destructive  distillation  of,  747 
„    cannei-,  destructive  distillation  of,  154 
„    -gas,  manufacture  0(^348 
„    -naphtha,  247,  ^5* 
„    -tar,  242 
,,      compounds  preseDt  in,  is^,  1003 
,,      distillation  of,  052 
Cobalticyanides:,  1 1 1 
Cohaltocyanides,  lii 
Coccinin,  601 
Cochineal,~090 
Coeruliguone,  or  cedriret,  80Q 
Coke,  gas-,  147 
CoUidine,  738 
Collodion,  647 
Colocynthein,  691 
Colocynthin,  691 
Colocynthitin769i 
Colophene,  22Q,  231 
Colophony,  139 
CJombinati on,  direct,  43 

often  double  decomposition,  41 
Combustion,  Bunsen's  method,  18 
„        Dnmas's  method, 
„       furnace,  13 
tube,  i£ 

„    filling,  17 
with  plumbic  chromate,  10 
Common  frankincense,  126 
Compound  radicles,  theory  of,  64 
Compounds,  organo-metallic,  63 
„        saturated,  50 
„        nnsiaturaled,  50 
Concretor,  Fryer's,  554 
Coniferin,  692 

C!oD8titution  of  anthracene,  374,  1004 

„        of  anthraqninone,  374^  809, 
lOI  I 

of  naphthalene,  346 
„        of  phenol  derivatives,  48.S 
Convallarin,  693 
Convallaniarctin,  691 
Convallamarin,  691 
Convolvnlin,  691 
Convolvnlinol,  691 
Coriander,  oil  o7f"i4i 
Cork,  645 
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ConmariD, 

Creasote,  aj>S 
Creosol,  684 
Cresol, 

„     nitro-,  491 
Crocetin,  6q3 
Crocin,  693 
Crotonaldehyde,  jf^ 
Crotonylene,  ?i8 
CrystallizatioD,  fractional,  ^ 
Cubebs,  oil  of,  39^ 

Camene,  fromcomicacid  (iBopropylbenxeoe), 
iM 

,,     psendo-  (from  coal  tar),  iM 
Cumin,  oil  of,  2Al 
Guminol  (comic  aldehjd),  766,  100.^ 
Cupric  acetates,  837 
„     cyanide,  ^ 

formate.  ^Vj 
„     glycolate  orbydroxyacetAte,  883 
Cuprosoacetylic  chloride,  2x4 

„  oxide,  314 

Cupmso  cupric  cyanide,  99 
Cuproso-vinylic  etber,  314. 
Cuprous  acetylide,  314 
„      cyanide.  99 

sulphocyanate, 
Cuticalar  substance,  645 
Cyamelide,  1 17.  121 
Cyanethine,  174 
Cyanic  bromide,  ll6 
chloride,  115 
iodide,  lio 
sulphide,  ua 
Cyanides,  96 

detection  of,  94 
double, 
Cyanmetbine,  L74, 
Cyaoo-deriTatives  of  benxene,  J37 

„        the    hoiuologtics  of 
benzene,  ^[33 
,,  „        the  hydrocarbons,  ^ 

Cyanoform,  175.  loai 
Cyanogen  acetate,  850 
bromides,  1x6 
chlorides,  iig 

conrersion  of  into  ammonic  oxa- 
late, 89 
formation  of,  SS 
iodide,  iiii 
liquefaction  of,  8(ji 
preparation  of,  8& 
solubility  in  water,  88 
,,       sulphide,  12a. 
Cyan  uric  bromide, 
,,  chloride, 
Cyapbenine.  .^28  ^ 
Cyclamin,  693  t 
Cyclarairetin,  693 
Cymei  e,  3S9,  1 00 

,,      dihydrides,  391 
,,      mononitro-,  336 
Cymoquinoue,  798 

dioxy-,  ^ 
oxy-,  2^ 
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DiXBonri,  56a 

Dambose,  561 
Daphnetin,  693 
Daphnin,  69^ 
Datiscetin,  693 
Datiscin,  693 
Dead  oil  (from  tar),  351 
Deoane,  dibromo-,  ijjS 

,,     normal,  141 
Deoanes,  141 
Deoenylene,  m 
Decylene  or  decene,  197 
Dehydrating  agents,  action  of,  83 
Dehydrotriacetonamine,  780 
Deoxybenzoin,  787 
Desiccation  of  organic  compounds,  1 1 
Destructive  distillation  of  bones,  258 

cannel  coal 
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ooal,  3^ 

Iignit«,  254 
menhaden  0 

soap,  357 
peat,  2fii 

„  »i  wood,  354 

Determination  of  carbon  and  hydrogen,  i 

11 

„       „        nitrogen,  22 

,,       ,,        sulphur,  phosphorus  ai 

arsenic,  26 
,,       ,,        haloids,  2Sl 
„       ,,       vapour  densities,  ^ 

Dextrin  or  araylin,  627 

DextroglucoMe,  or  dextrose, 

„  in  the  blood,  

Dextrose  (prape  sugar),  577,  601 
,,      acetates,  sSo 
,,      cbloracetins  of,  «i8o 
,,      from  diabetic  urine,  583 
,,        ,,    various  sources,  .^82 
,,      reducing  power  of,  £81 

Diabetic  sugar,  58^ 

Diacetonalkamine,  780 

Diacetonamine,  780 

Diacetenylbenzene,  385 

Diallyl,  220,  loox 
,,      dibromo-,  175 
,,      tetrabromide,  no 

Diallylmethylcarbinol,  468,  loo.s 

Diamidohydrin, 

Diamyl,  141 

Diamylene,  197,  loi  i 
,,        bromide,  198 

Diaibutin,  689 

Diargentic  cyanurate,  raa 

Diatomic  molecule,  44 
,,      radicle,  44 

Dibenroyl  (benzil),  787 

Diberzoylbenzene  ortho-,  386 
para-,  385" 

Dibenzyl,  361 

,,       dibromo-,  361 
,,       dnitro-,  362 
,,       monobromo-,  361 
„       trinitro-,  261 
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Dibeniylbeniene  parm-,  385 

„  ortho, 
Dibentylmethjine,  56^ 
DihruiuethaKIebytlrol,  «;I4 
Dibromhydrio,  543 
Dibromobenzeoes,  ^oi 
Dibutyl,  141 

Dichloracetone  chloride,  tS9 

Dichlorhydrin,  54 1 

Dichloreth»ldelliydroI,  .ST4 

Dichloiuglycid,  Kebonr«,  705 

Dicinnamcne,  369 

Diethyl,  ijS 

Diethylbenzenes,  IQ3 

Dtethylcfirbinol,  450 

Diethylenic  dioxide,  678 

Diethyl ic  Iact*te,  883 

Diethylmethylbenzene,  79^ 

Dit'ci  rous  dip4>ta&itic  ferricyanide,  107,  1000 

Difonnylethylenediamide,  746 

Ditritalin,  693 

DigitalireUD,  6Q4 

DihydroBothraccDe,  367 

Di  lydroxyetbyleaamine,  677 

DiiJdhydrin,  543 

Diisoamyl,  141 

DiiBobutol,  835 

Diiitobutyl,  y_i 

Diisobatylene,  835,  note 

Diisoprupylcarbinol,  455 

Dill,  oil  of,  141 

Dimethacrylates,  960 

Dimethyl  (elhane),  137 

Diioelhylacetylene,  7  19 

DimethylanthraqninoDe,  807 

Dimelhylallene, 

Dimetbylamidubenzutc,  chloride,  786 
Dimethylbenxene  (xylene),  785 
Dimetbylbenzophenone,  363 
Dimethylbutylmethane,  140 
DimethylcArbiDol,  435 
Dimethyldiethylmethane,  14O 
Dimelhyletbylene  (butylene), 
Dimethyletbylethyiene  (hexylene7, 
DimetbyliBobutylcarbinol,  455 
DimethyliBopropylethylene,  197 
DimetbylmetatrioxybeDMne,  552 
Diinethyltolano,  ^82 
Dimesitylinethane,  363 
DinaphUialene,  enneachloro*,  2^2 
Dinaphlhols,  S.H 
DinAphtbyl,  IQQA 

dibromo-,  ^88 

hexabromo-,  388 

iso-,  388 
„  „    heptabrom-,  383 

tetrachlor-,  383 
„        series  of  hydrocaroons,  388 

tetranitro-,  388 
Dinaphthylethane,  389 
Dinaphlhylethylene,  389,  1004 
Diuaphibylmetbane,  389 

„  dibromo-,  389 

,,  tetranitro-,  389 

Dioapbtbyitrichloreth&ne,  389 


Dioxyretistene,  381,  811 
Dip  (turi>entine),  235 

,,  virgin,  xifii 
Diphenols,  51* 
Diphenyl,  ^ 

,,       hexoxy-,  563 
,,       bomologties  of,  358 
methyl-,  369,  note 
„       BericB,  ^sfi  1004 
,,       substitution  derivativei  of,  356 
Diphenylacetyleue  (tolane),  381 
Diphenyl  benzene,  iso-,  38.S 

para-,  385 
Diphenylcarbinol,  503,  780 
Diphenylchlon)inethanefi,  361 
Diphenyldiacctjlene,  34^  38^5 
Dipbenyldichloromethane,  381 
Diphcnyldimethylethane,  363 
Diphenylditolylnietbane,  386 
Diphenylenecarbinol,  503 
Diphenylenetnetbane,  or  fluorene,  365 
Diphenylenesulphune,  712 
Dipheuyleuic  disulphide,  71 1 
oxide,  679 
sulphide,  211 
Diphenylethane,  or  dibenzyl,  361.  74a 
/S-Diphenylethane,  362 

h&)oid  deriTatires  of, 
363 

a-Diphenylethylene,  or  stilbone,  366 
/S-Diphenylethylene,  or  isostilbene,  367 
Diphenylethylene,  haloid  deriraUTea  of, 

DipEeoylmetbaoe,  360 

nitro-derirativee  of,  360 
Dippel's  oil,  75i8,  1003 
Dipropargyl,  ^If 

„  octobromide,  376 

tetrabromide,  tj^ 
Dipropyl,  139 
Dipropylcarbinol,  455 
Direct  combination,  4^ 
Disacryl,  2^ 

„       resin,  151 
Discrimination  of  the  gases,  general  re- 
marks on,  Tfi 
Distillation,  fractional,  7^  looa 

,,         in  a  current  of  steam,  10 
Distilled  waters,  239 
Distyrolcne,  369 
Diterebene,  129,  232 
a-Ditolyl,  361 
Ditolyl,  ortho-,  361 
Ditolylacetylene,  382 
a-Ditolylethaiie,  303^ 
/3-Ditolyletbane,  363 
Ditolylketcne,  369 
Ditolylnietbane,  363 

dibromo-,  3^ 
„  dicbloro-,  363 

„  dinitro-.363 

Dodecane,  normal,  r^f 

Double  cyanides,  98 

Drying  subfttance«ior  analysis,  11 
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Dulcamaretin,  694 

Dulcamarin,  694 

Dulcitane,  68/ 

Dulcite,  or  dulcitol,  558,  8M 

Domas'  method  for  combustioos,  15 

M  M  determioiog  nitrogen,  25 
Dnraasin,  788 

Daploihioacetone,  661.  779 

Durene  (tetramethjlbenxene),  ^94,  ^oo:^ 

Dyads,  ^ 

Dyalyte, 

Ebonite,  or  vulcanite,  744 
Elai'din,  (/)4 
Klajl  (ethylene),  18^ 
Elseoptene,  233,  note 
Emodin,  80H 
Empirical  formulse,  35 
Endeceuylene,  12a 
Endecylene,  199 
English  turpentine  oil,  334 
Epibromhydrin,  5£j 
Epicblorbydrin,  541 
Epiiodhydrin,  5^ 
Eremacaaais,  2J 
Ericinoi,  694,  699 
Ericocin,  694 
Brythrin,  539 
Erythrol,  or  erytbrite,  552 
„     dibromhydrin  of,  5^ 
,,     dichlorhydrin  of,  £^3 
Erythromannite  (erythrol),  553 
Erythrozym,  Soa 
Essential  oil  of  ajowan,  a^i 
t,         aniseed,  7^ 
bay,  34_i 
bergnmot,  240 
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bitter  almonds,  333 
calamus,  297 
camphor,  240 
caraway,  341 
eaaaia,  3^ 
cinnamon,  341 
cloves,  297 
coriander,  241 
cnbebs,  297 
cumin,  2^1 
dill,  3^ 
eucalyptus,  7^ 
fennel,  241 
galbanum,  14a 
garden  cress,  r23 
juniper,  233 
lavender,  2jjt 
lemons,  2^0 
maoe,  240 
mustard,  2':3 
neroli,  240 
nutmeg,  iAq 
orange  peel,  340 
patchouli,  397 
peppermint,  243 
petit  grain,  3  40 
rosemary,  242 
rosewood,  397 
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Essential  oil  of  sassafras,  341 
savine,  339 
spearmint,  2^ 
spoon  wort,  333 
thyme,  342 
watercress,  223 
Essential  oils,  2^2 
Kthal,  4^7 

Ethaldehyde  (aldehyde),  2II 

action  of  acid  amides  on,  740 
M        amines  on, 

ammonia  on,  737 
halogens  on, 
„        on  hydrocarbons, 
7A1 

•ammonia,  737 
chlor-,  lAl 

compounds  witbaeid  sulphites, 

condensation  of,  732 
dibrora-,  2a1 
dichlor-,  IaI 
haloid  deriratives  of,  2^ 
higher  homolognes  of,  747 
n>et-,  lii 
!»«•-,  121 
parathio-,  7^ 
polymerization  of,  ^il 
preparation  of,  jt^ 
resin,  Jii 

tribrom-  (bromal),  747 
trichlor-  (chloral),  743 
Ethaldehydrol  chloracetin,  7^ 
diacetin,  736" 

Ethane, 

a-dibrom-,  156,  lai 
^-dibrom-,  156,  20J 
dibromotrichlor-, 
o-dichlor-,  2qq 
^-dichlor-,  155,  iqq 
a-dichlorocyan-,  176 
dicyan-,  175 
a-diiod-,  158,  213 
^iiod-,  158^  213 
dinaphthyTTiSg 
^diphenyl-, 
ditolyl-,  363 
ethyl-/3-diphenyl-,  363 
haloid  derivatives  o*^ 55,  1001 
hexabrom-,  ini 
hexachlor-, 
iodobrom«, 
iodochlor>,  137 
isocyan-,  172 

methyl /S-diphenyl-,  3 S3 
moniod-,  157 
monobrom-,  i  j;6 
monochlor-,  1^ 
nitro-,  lbs, 
pentabrom-,  2Q2 
pentachlor-,  ^6 

table  of  chlorinated  derivatives  of 
156 

t«trabrom-,  202 
tetrachlor-, 
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Etb&ne,  tetrtpbenyl-,  390 
tribrom-,  aoi 
„     tricblor-,  if6 

tricblorodibromonitro-,  Ll^ 
tricblorotrinitro-,  no 
Etbene,  183  Ethylene) 
EthenetlicymoquinoDe,  HoQ 
Btber,  dichlor-,  6x3^  221 
„  etbyl-ftUyirO// 

etbyl-beniylToii 
„     etbylic,  (m 

chlorinated  derivatiTes  of,  oji 
„     glyceric,  673 
„     glycidic,  68£ 
„     methyl-benzyl,  675 
,,     meihyl-phenyl,  02± 
,,     methylic,  667 

mopocblor^^7i 
„     peutachlor-,  07.^ 

perchlorim^edT^Ii 
„     phenylic,  62± 
sulpburic,  66S 
,,  tetrachlur-, 
„     tbioethylic,  jo^ 
,,     tricblor-,  673 
,,  vinyl-etbyT7Too9 
Etber-aloohols,^! 

,       „      from  glycerol,  6i5 
„       „      from  pyrogallol,  685^  »0O9 

Ethereal  salts,  ^ 

„  of  adds  of  the  actdTe  series, 

841.  iQil 
Etherification,  theory  of,  8^1 
Ethers,  66^ 

„     beniyl,  625      ,  , 
„     double,  or  mixed,  60^  o^S 
,,     mixed,  664,  670 
,,     preparation  of.  663 

simple,  664 
„     thio-,  20± 
Elhine,  209 
Etbionic  acid,  i8q 

anhydride,  189 
Etbylacet*  lene,  213 
Ethyll)e«iene,  ^84 
Elhylbroraobeniene,  ^ai 
Ethylcarbf\minic,  ill 
Ethylcjirbinol,  4.U 
Eibyldimcthylbcnzene,  1314. 
El  hyldinielhylcarbinol,  n^,  4  50 
Etbyl-/9-diphenylethane,~iOj 
Eihylene  (elayl,  olefiant  gas),  183 
cblorobromo-,  an 
compounds  of,  with  ohlorides,  1 89 
dibrom-,  lol.  ^ij, 
dichlor-,  201,  2±2 
diethyl  ether,  6£q 
diiod-,  201 
dinaphthyl-,  389 
dinitroBudibrom-,  IJI 
a-diphenyl-  (aliibone),  366 
/3-dipheiiyl-  (isostilbene),  367 
ethylphPMyl-,  Ml 
haloid  derivatives  of,  iflQl 
metbylpbeoyl-,  34 > 


ETH 


»» 


Ethylene,  mouiod-,  102,  Hi 
roonobrom-,  2Q1 
'  monochlor-,  lOQ. 

phenethyl-,  iii 
„       phenyl-  (cinnamene),  34O 
polymerizaiion  of,  iQO 
preparation  of,  iBh. 
,,      tetrabrom-,  iGl 
tetrachlor-,  lOl 
,,      tetraphenyl-.  22i 
,,      tribrom-,  1Q2. 
,,      tricblor-,  lOl 
Ethyleuic  bromide,  1^6 
„       chloride,  LiS 

ethylidenic  dioxide,  678 
iodide,  lsI 
,,       oxide.  676 
,,       sulphide,  2±? 
Ethylethylene  (butylene), 
Elhylic  acetate,  848 
,,      aoetoacetate,  *jO^ 

action  of  alkalis  od, 

911 

nitrous  and- 

on,  91.^ 
metallic  derivatives 


If 


II 
•I 
II 
II 
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11 
i» 
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t* 
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of;  911 

aoetocapracetale,  911 
acetolactate,  889 
acetonitrosoacetate,  9IS 
aoetusodacetate,  91 1 
acetoxysuccinate,  940 
acrylate,  957 

amidofonuate  (nrethane),  879 
bromide,  156 
camphoronate,  978 
carbonate  (uretnane),  879 

,,       thioHlerivative«,of,  881 
carbonate^  877 
carbuvate,  jiS 
chloride,  155 
chlori>carbonate,  878 
chlorofyrmate,  or  chlorocarbonate, 

818 
cyanide,  iji 
cyanocarbonate,  878 
cyanoformate,  or  cyanocarbonate, 

818 

dehydromucate,  998 
desoxalate,  gj^ 
diacetosuccinate,  918 
diacetoxysuccinate,  945 
diethacetate,  907 
dieLhacetonecarbonate,  907 
disulphide,  708 
eth  acetate,  907 
etbacf'tonecarbonate,  O07 
ethoxyacett>ethoxyiicetat«,  917 
etboxypropiooate,  889 
formate,  S47 

, ,      action  of  sodium  on,  915 
fiimarate,  969 

glyculate,  orhydroxyjicetat*,  883 
glyoxylate,   or  dihydroxyacetAte, 
902 


Google 


ETB  lU 

Etbyllo  hydride,  Li2 
„     iodide,  157 
f,     isMucciuate,  Q30 

isovalerate,  actioo  of  sodiam  on, 
016 

„     lactate,  889 

malate,  940 
„     maleate,  1^9 

malonate,  1012 
,,     mucate,  251 
„     macobromate,  qqs 

/3-nitro9opropiouate,  915 

orthoformate,  833  note 

oxalate,  ^23 
„     oxide,  or  ether,  668 
, ,     propionate,  action  of  sodium  on,  Q 1 5 
„     propiopropionate,  ^li 

saccharate,  2^1 
„     selenide,  2y 
,,     saccinate,  qij 

M  action  of  alkali  metals 

on,  qiS 
„     snccinopropionate,  929 
,,     saccioosuceinate,  929 
,,     salphide,  706 

salphydrate  (mercaptan),  661 
„  tartrate, 
„  tellnride, 

tetrasulphide,  708 
,,      trichlorolactate,  744 
Ethylidene  diethyl  ether  (t^tal),  6&2 
dimethyl  ether,  (iSq 
,«       methyl  ethyl  ether,  QiQ 
Ethylidenedibenzamide,  240 
Kthylideneurea,  j^i 
Etliylideuic  bromide,  i.s6 
„         chloride,  155 
„        cyanide,  175 
„         iodide,  150 
Ethylisoamyl, 
Ethylisobatyl,  140 
Etbylmethylbeazene, 
Ethylmethylearbinol,  439 
Eihylmethylethylene,  450 
Ethyluaphthaleoe,  355 
Ethylpbenol,  493 
Elhylphenyl,  784 
Kthylphenylacetylene,  369 
Ethyl phenyletbylene,  ^42 
Ethylrinyl  bromide  (a-dibromotetrane),  ifil 
Eucalin,  or  eucalyptose,  590  ^ 
Eucalypton  (melitoae),  61^ 
Eugenol,  ?4i.  684 
Eulyte,  ^21 
Enpion,  130 

Ereritt's  white  salt,  io2 

Fbcula  (starch),  difi 

Fennel,  oil  of,  7^ 

Ferrous  dipotassic  ferricyanide,  102 

„         „       ferrocyanide,  loj 
Ferric  cyanide,  uxz 

,,     formacetonitrate,  824 

,,    formonitrate,  824 

,,    succinate,  212 
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Ferrieyanides,  ma 

,,         table  of,  juq5 
Ferroeyanides,  isn 

,,  table  of,  10^ 

Filling  combustion  tube,  17 
Fixed  oils,  x2-2 
FlaTopurpurin,  806 

„  diacetyl-,  802 
„  triacetyl-,  837 

,,  tribromo-,  807 

Fluavil,  246 
Fluorene,  365 

,,       DTomo-,  dibromide  of,  365 
Formal  (methyUI),  6S0 
Formates,  823 
Formethylamide,  746 
Pormionitrile  hydrochloride,  94 
Formonetin,  698^ 
Formulae,  empincal,  35 
„       graphic,  4^ 

,,       molecular,  ^ 
Fractional  crystallization,  fi 

„       distillation,  2j  IQQQ 

I,       precipitation,  6. 

ft       saturation,  2 

,,       solution,  6 
Frangulin,  694 
Frankincense,  common, 
Fraxetin,  695 
Fraxin  or  paviin,  694 
Fucusaldebyde  (fucusol),  7^7 
Fucusamide,  767 
Fucuslne,  767 
Fucusol,  707 
Fulminates,  123 

,,  constitution  of,  176 

Fu marie  chloride,  968 
Fuffuraldehyde  (furfurol),  766,  mm 
Furfuramide,  767 
Fuif urine,  762 
Furfurol  or  furforaldehyde, 
Furfuryl  corapoauds,  coostitutioa  of,  99^ 
Furnace,  combustion,  13 
Fusel  oil,  445 

Galactosk,  585 

Galbanum,  oil  of,  241 
Galipot  (white  resiu),  126. 
Gallotannin,  703 
Gas-coke, 

Gas  combustion  furnace, 
Gaseous  mixtures,  analysis  of,  31 
Geissler's  potash  bulbs,  ifi 

Gin,  432 

Githagin  (saponin), 

Global iretin,  695 

Globulariu,  695 

Gluooso  (grape-sugar),  £21 

,,     artificial,  590 

,,     in  the  blood.  643 

,,     optical  properties  of,  S78 
GluooAidee,  686,  1009 
Glycerin  (see  Glycerol), 
Glycerol,  or  glycerin,  537.  1007 

„     amyUc,  5^ 
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Glycerol,  dibromhydrina  of,  543 
diclilorhydriDs  of,  Cji 
,,      diethyliu  of,  682,  685 
,,      diHtiilation  of,  538 
,,      fct  mentation  ot,  54*; 
,,      iodbydrins  of,  543 
,,      moriallylin  of,  685 
,,      monochlorhydrin  of,  5^ 
,,      moriethyliu  of,  682,  685 
„     phosphate,  j>40 

preparation  of,  538 
produced  by  fermeotation,  538 
sodium-, 
,,      Hulphato,  54O 
ethlylm  of,  685 
trinitrate,  540 
Olycidaraine, 
Ulycide,  GiLi 
Glyci  ne  (glycocoll),  866 
Glycines  or  amido-acids,  864.  et  acq. 

,,      propeities  of,  865 
Glycocine  (glycocoll),  866 
Glyeocidl  or  glycine,  866 
Glycogen,  641,  1009 
Glycol,  500.  1006 

chlorometliyl-,  1^41 
chloro  a-propylenic,  541 
dietbylcnic,  513 
dimethyl-,  516 
dimelbyl-a-butylenic,  517 
dimethyldibatyi-,  517 
diniethyldiiaopropyl-, 
dimetbyldipropyl-,  517 
ethyl-, 

ethylisopropyl-,  516 
isopropyl-, 
methyl-,  515,  1006 
metliyl  a-propylenic,  515 
monethylin,  683 
octylenic, 
a-propylenic,  41^ 
^•propylenic,  515 
propylrnethyl-,  517,  ifiofi 
tetramethyl-  (pinacone),  516 
tetraisopropyl-,  !;i7 
tetraphenyl-,  786 
tetrapropyl-,  ^ij 
triethyleuic, 
trimethyl-,  £16 
xylene-, 
Glycolamide,  883 
Glyoolic  brorahydrin,  t;n 
,,      chloracetin,  51a 
,,      (^lorhydrin,  ^ij 
,,     monacetin,  510 
Olycolide,  883 
Glycolfl, 

,,     amylenic,  £i6 
,,     aromatic,  £ra 
,,     classilication  of,  506 
,,     methods  of  preparation,  50^ 
,,     polyethylenic,  513 
properties  of,  so  7 
filycyrretiu,  65^5 
Qlycyrrhiiin,  695,  1009 


Glyoxal,  or  oxalic  aldehyde,  768 
Glyoxaline, 

,,        tribromo-,  769 
Gold  {ttt  Aarous) 
Grape  sugar  (glucose),  577 
Graphic  form u lie,  44 
Gratioleretin,  695 
Gratioletin,  695 
Gratiot  in,  695 
GratioBoleretin,  695 
Gratiosoletin,  695 
Gratiusolio,  695 

Goaiaool  (raethoxycatecbol),  683 
Gum  arabic, 

,,  Briiisb,  623 

,,  thus,  206 

,,  tragacanth,  65^ 
Gums,  65 1 
Gun  cotton,  649 
Guita,  246 
Gutta  percha,  245 

Halogen  actps,  action  of,  on  carboo  com- 
pounds, dl 
Halogens,  action  of  on  carbon  compounds. 

Haloid  derivatives  of  acids  of  the  succinic 

series,  2i4 
,,         the  acetic 
series,  857 
cyanoparaffias,  1 76 
ethane,  iff 
ethylene,  200 
hydrocarbons,  £2 
metliane,  if  1 
nitrojwi-affins,  169 
paraflins, 
propane,  i}^ 
propylene,  203 
tetranes,  161 

,,     ethers,  £2 
,,     pho8phi)rus  compounds,  action  of, 

on  carbon  compounds,  Hi 
,,     salts,  ^ 
Uelicin,  695,  1009 

„      benzo-,  695,  639 
,,     monobrom-,  695 
,,     monochlor-,  695 
,,      tetracetyl-,  63^ 
*'     tetrabenaoyl-,  695 
Helicoidin,  696 
HellelwreVn,  696 
Helleboresin,  696 
Helleboretin,  696 
Helleborin,  696 
Heptaldehyde  (oenanthol), 
Heptane,  haloid  deriTatives  of,  163 
,,  dicblor-, 
„  a-iso-, 
,,       monochlor-,  i6i 
,,       normal,  140.  loqq 
Heptanes, 

Hept«ne  (heptylene),  196 
Heptylene  (ctuaiithyieut;),  196,  lOO\ 
Heptylcarbiuol,  456 
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Heptylic  chloride,  163 
Hesperetin,  6g6 
Hesperidene,  240 
Hesperidin,  6q6 
Heterologous  series,  63 
Heveene,  2^ 
HexAbromhexylene,  300 
Hexadecane, 

haloid  derivativca  of, 
ff         moniod-,  16^ 
ff        moDobrom-,  163 
„        moQocblur-,  163 
Hexads,  ^ 

Hexahydroanthracene,  355 
Hcxahydrometaxylene,  2^ 
Hoxahydropyrene,  7,67 
Iltixaldebyde,  isoprimay,  25i 

,,  normal,  j^i 

Hexametliylcnamine,  jllt 
Hexane,  dibrom-,  163 
dicblor-,  ^ 
hexacblor-,  16^ 
a-iso-,  r^o 
/S-iso-,  ijto 
,,     i:  i8o-,  no 
,,     8  ISO-,  liO 
,,      mouiud  ,  163 
,,      nionoohlor-,  16:2 

normal,  iji 
,,      tetrabrom-,  no 
„     tetriod-,  no 
Hexane  glyciues  or  leacineii,  870 
Hexanes,  1  m 

llexdecaldehyde  (palmitic  aldehyde),  2^5 1 

Hexene  (hexylene),  155 

Hexoylene,  220.  lqq^ 

Hexoxydipheuyl,  562 

/S-Uexylbeozene,  2g5" 

/3-Hexylcarbinol,  4^4 

llexyleue  (caproylone),  195*,  iQSil 

,,      hexabrom-,  .^00 

,,     hexachlor-,  305 
Hexvlenic  oxide,  67Q 
Huxylic  chloride,  udi 

,,      iodide,  16.^ 
Hexylmethylcarbinol,  primary,  4^6 
Hofmaun's  ga^  furnace,  13 

,,       method  for  vapour  densities, 

36,  IjCKIQ 

Homocatechol  moaomethylin,  684 
Homolo'^ous  series,  ^ 
Homologues  of  benzene,  278 

„  „       bromo  -  derivatives 

of,  322 
chloro  •  derivatives 

of,  ii8 
iodo  -  derivatives 
of;  jaa 


Homopyrocatechin,  532 
Humus,  646 
Hydmmides,  720 
Hydranisoin,  764 
Hydranzotin.  SfJi 
Hydraznlmin,  Stj 
Hydric  argentic  falmioate,  li 


11 
»» 


Hydric  auricyanide,  LQi 

„     cyanate,  116. 

,,     cyanide,  90 

platinocyanide,  1 14 
Hydrol)eu2amide,  75,6 
Hydrobenzoin,  535,  iflfid 

Hydrobryoretin,  690 
Hydrocarbons,  ^  £0 

aceteuylbenzene  series,  343 
acetylene  series,  loH 
anthraccQu  series,  370 
benzene  series,  240 
benzylitapthaleue  series,  383 
einuameue  series,  340 
chrjsene  series,  386 
cyauo-derivatives  of  the,  51 
diiuiplithyl  series,  388 
diplieuyl  series,  3?^ 
general  review  of  the,  391, 
1004 

haloid  derivatives  of  the,  £i 
idrialene  series,  3QO 
isoIogouH  Ecries  of,  5^ 
napbtbalcue  series,  345 
nitro-derivativcs  of  the,  51 
olefine  series,  1 77 
paralHii  Kt-ries,  116 
„        pyrene  series,  383 
,,         stilbene  si'ries,  36^ 
„        tcrpene  aeries,  222 
Hydrocellulose,  650  ~  , 

Hydrochloric  acid  type,  69 
Hydrociniiamide,  768 
Hydrocteruligtioue,  562,  Sofi 
Hydrocyanaldiu,  7  38 

Hydrogen,  estimation  of,  in  earboa  com- 
pounds, L2 
oasceut  action  of,  J5 
,,       substitution  for,  ^8 
type,  GE. 
Hydrogratio8.>leretin,  691; 
Hydrohexft^lyoxal, 
Hydrouaphthaquinone,  534 
Hydroparoxybenzoin,  763 
Uydroplilorone,  5^ 

,,  dichloro-,  526 

Hydropiperoin,  763 
Uydroquinone,  or  quinnl,  525 

haloid  derivatives  of,  525 
nuiuufhluro-,525 


»» 


»> 
>« 


tetrabrom-,  .S2O 


teirachlor   

tribrom-,  526 
trichlor-,  ^26 
Hydrovanilloin,  765 
Hydroxethyleuamine,  672 

Idbialkmb, 

series  of  hydrocarbons,  390 
„        trinitro-,  3»iO 
Idrialite,  ^ 
Idriaquinone,  390 
Imidocaprylonitrile,  871 
Imidocaprylimide,  821 


IMI  1( 

Imides,  acid,  52 

India-rubber,  or  caoatcbouc,  343 
valcanized,  344 

Indie  cyanide, 
Inoeol,  or  ioouite,  f,6o 
Intercellular  substaooe,  6^ 
Inulio,  637 

action  of  acids  on,  640 
Inuloid,  641 
Inverted  sugar,  584 

Iodine,  det<:nnination  of,  in  carbon  com- 
pounds, 2B 
triacetate,  8.^0 
lodofurro,  154 
IriJicyanides,  115 
Iron  saltd  (tee  Ferric  and  FerrooB) 

„  cyanides,  101 
Isoallylene,  218 
Isoamylmetbyl,  140 
Isoamylic  aldebyJe, 
„       hydride,  r^Q 

,,      oxalate,  21i 
Isobatane,  138 

Isobutylene,  138,  1001 
isubutylcarbinol,  £^ 
Ibobutylic  carbaniate,  SSq 

„      cyanoformate,  879 

„  oxalate, 
Isobutylisoamyl,  141 
Isobatyl  /3-iBoamyTrii4l 
Isobutylmcthyl,  13^ 
Isobutyric  aldehy^  749 
liiocbolesterin,  497 
Isodipbenylbenzene,  ^85 
Isoduicite,  or  ieodulcitol,  5^  1007 
a-Ieoheptane,  140 
a-Ieohexane,  140 
/S-lsohexane,  140 
7-i8ohexane,  r^o 
S-Isobexane,  140 
Isohydrauisoin,  764 
IsobydrobenxoYn,  535 
IsohydropiperoVn,  *76& 
isologoua  series,  ^ 
Isomeric  compounds,  ^ 
Isomeribm,  insuflSciency   of  the  pres^Bt 
theory  of,  383 

M     Van  V  iluff-Le  Uel  hypotheaia,  983 
Iso-orcin,  532 
l80])ex]tane,  130 
Isopbloretin7099 
Isophloriziii,  699 
Isopboroue,  Qqo 
Isoprene,  22Q 

„     terpen  e  from,  334 
laopropacetaldehyJe,  ^io 
Isoprjpylacetylene,  319 
Isopropyl  benzene, 
iBopropylcarbinol,  438 
Isopropyldimethylcarbinol,  454,  logg 
Istipropyletliylene,  ^50 

IsopropylethvluieihylL-arbiuol,  563 
Isopropylic  bromide, 

M  chloride, 

ft        iodide,  160 
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Isopropyl  methylcarbinol,  4f)0 
Isopurpurin,  806 

„        dibrom-,  8od 
Isostllbene,  367 
Isoterebentbene,  330 

dihydrochloride,  ijo 
„  monobydrochloride,  230 

Isotetraldebyde,  749 
IsoTaleric  aldehyde,  750 
„       cyanide,  853 
„      peroxide,  8^ 

Jaljipiv,  696 
JalapiuoU  097 
Juniper,  oil  of,  239 

Kekulk's  benzene  symbol,  338 
Ketone  di benzyl-,  787 

di-dimetbylamidophenyl-,  786 
„     dimethyl-  (acetone),  2J§. 
„     dinaphth^l-,  788 
„     diphenyl-,  786 
„     dipheuylene-,  "89 
ethylbeniyU,  785 
ethylphenyl-,  785 
„     ethylenediethyl-,  789 
isopropylbenzyl-,  786 
„     isopropylpbenyl-,  785 
„     methylbt-nzyl-,  785 
methylcinnamyl-,  789 
meihylniirosoethyl-,  515 
„     metbylnitroaopropyl-,  915 
„     methylnonyl-,  78^ 
„    methylphenyl  (acetophenone),  785 
,,     methylphenethyl-,  785 
,,    niethyl-tertiary-butyl-,  jS^ 
,,     nitrostKli  methyl,  915 
,,     paraditoljl-,  787 
,,     pbenylbonzyl-TaeoxybenioIn),  782 
,,     pbeuylcymyl-,  jSj 
,,     pheuylnaphthyl-,  787 
,,     puenylenedietfayl-,  789 
,,     propyl  phenyl-, 
„     tolylphenyl-,  786 
Ketones,  60,  jjo 

„     actiou  of  nitric  acid  on,  ioiq 

aromatic,  785,  786 
„     of  the  acetic  series,  778,  783 

furmatiun  of,  771,  isno. 
„      properties  of,  774 
Klumene  (acetylene},  30<^ 

Laotamide,  891 

Lactates,  889 

Lactide,  890 

Lactin  (muk  sugar),  609 

Lactocaramel,  610 

Lootoa  (milk  sugar),  609 
,,     acetates,  585,  6-Li 
inversion  of,  <>in 
metallic  deriTatives  of,  ^Lio 
octacetate,  (no. 
,,     reducing  powers  of,  6.11 

Lactose  (milk  sugar),  609,  1008 

Lactose  or  galactose,  585 
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a-Lactofle,  t;86,  ioo& 
p-Lactone,  586 
Laciylurea,  739 
Lsevuglucode,  584. 
Lievuloflaa,  585 
Lsvulose,  S04 

calciam,  compouod  of,  584 
Loserol,  gS9  note 
LASrrpitin,  959  note 
Lnurene,  296 
l^kveader,  oil  of,  141 
sails  (w  Plumbic) 
„    sugar  of,  822 
LecftDorin,  538 
Lees, 

Lemous,  oil  of,  1^ 
Leucine,  870 
Leuco„'allol,  549 
Liebig's  potash  bulbs, 
Light  napbtba,  253 

,,        „       coDstituents  of,  3^ 
Ligneous  matter,  6^ 
Liguiie,  destructiTedistillatioDOt,  3^ 
Ligustrin,  or  syringin,  702 
Liouemann's  apparatus,  g 
Lime  salts  {»ee  Calcic), 
Limited  oxidation,  72 
Lonicerin,  or  xjlosteio,  2^ 

Maob,  oil  of,  740 
Magnesic  platinocjranide,  113 
„       trimethacetate,  8^3 
Magnetic  iron  cyanide,  105 
MairogsUol,  549 
Malates,  9 40 
Malunates,  ^15 

Maltose  or  starch  sugar,  6n,  iqq8 
Manna,  53^6 

„     trehala-,  6ij| 
Uannite  or  manitol,  f  «;6.  585,  j88,  655 
dibromhydrin,  557 
dichlorhydrin,  5^ 
hexacetate, 
„      hexanitrate,  «i«)7 
Marignao's  oil,  1 20 
Marsh  gas  (methane),  ijj 

, ,  series  or  paratfins,  ^ 

„  or  methane  type,  70 

Melampyrite  (duldtol),  A&8 
Meleoe,  199 

Meleziton  or  melezitoae,  614 

Melin  (rutin),  700 

Meliiose  or  eucalyptose,  615 

Menhaden  oil  soap,  destructive  distillation 

of,  m 
Mentheue,  121 
Menthol,  241.  467 

Menyanthiu,  697 

Menyauthol,  697 

Mercaptan,  or  tbioalcobol,  6di 

Mercnptana  or  thioalcohuls,  54,  65Q 

Merourallylic  iudide,  107 

Mercuric  cyanide, 

„      fulminate,  r_3^ 

II     oxycyamde,  un 


Mercuric  sulphocyanate,  Lia 
Mesitol,  49* 
Mesitvl  oxide,  788 
Mtbitylene,  287 

brorao-,  311 

dicbloro-, 

dinitro-,  320 

monochloro-,  ^l^ 

uitro-,  226 

„       tribromo-,  321 
trichloro-  319 
„        trinitro-,  326 
Mesitylenes,  chloro-, 
Met*-,  meaning  of  prefix,  303,  note 
Metacetone,  6or.  788 
Metachlorai,  743 
Metacresol,'  ^gj 
Metacrolein,  71,^ 
Metaldehyde,  732 
Metallic  salts,  58 
M     type,  6^ 
Metameric  compounds,  ^ 
Metarabin,  6^ 
Metetbaldehyde,  221 
Methaldehyde,  723 
Methaldebydrol,  509 
Methane,  bromotrinitro-,  170 
chluronitro-,  170 
dibenzyl>,  36.^ 
dibromo-,  ifj 
dicbloro-,  151 
dichlorocyanonitro*,  170 
dichlorodinitro-,  170 
dichloronitro-,  170 
diiodo-,  154 
dime8ityC^63 
dinaphtbyl-,  389 
diphenylene-,  305 
diphenyltolyl-,  386 
ditolyl-,  ^ 
haloid  derivatives  of, 
moniodo-,  154 
monobromo-,  153 
monochloro-,  151 
naphthy  I  phenyl-,  383 
nitro-,  164 

phenylenediphenyl-,  387 
series  ^parathus),  50 
tetrabromo-,  1 54 
tetrachloro,  153 
tetraiodo  ,  154 
telranitro-,  1O9 
tetraphenyl-,  390 
tribromo-,  153 
tribrumonitn>-,  170 
trichloro-,  151,  looQ 
tricbloronitro-  (chloropicrin),  170 
tricyano,  175 
triiodo-,  15^ 
trinitro-,  ^09 
triphenyl-7^ 
Methenylammonic  chlunde,  ^ 
Methethacetaldehyde,  7^ 
Metbylal, 
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Methylaliznrin,  807 
Methylanthiacene,  382 

dibromo-,  383 
Methyliuithraquinone,  382,  807 
Methylated  spirit, 
Motbylbenzene,  or  toluene,  283 
Metbylcarbinol  (alcohol),  ^25 
Metbylchloracetol, 
Methyldiethylearbinol,  454. 
Methyldietbylethylene,  197 
Methyldiphenyl,  369 
Methyl -^-diphenyleUiane,  363 
Metbyldipropylbensene,  7^ 
Methylenedimetbyl  ether,  or  methjlal,  680 
MethyioQic  bromide,  i£3 

tf  chloride, 

,,        iodide,  ij^ 
Methyletbyl,  or  propane, 
Methylethylene,  i^o 
Methylethyletbylene,  135 
Me  thy  lie  acetate,  842 
hcrylate,  gsjr 

alcohol,  4.22 

„       aldehyde,  723 
„       bromide,  1^3 
chloride,  ij^ 
carbonate,  SSo 
„       citrate,  Q£j 
,,       cyanoformate,  879 
,,       funiarate,  gCn) 
,,        hydrate,  421 
,,       hydride  or  methane, 
,,       iodide,  if4 
,,  maleate.QOQ 
,,       oxalate,  923 
„       oxide  »»r  ether,  667 
,,       Melenide,  713 
,,       sulphide,  708 
,,       telluride,  714 
Mothylbexylcarbinol,  41,6 
Methyloaphtbalene,  354. 
Melbylnitrosoetbylketone,  qij; 
Methylphenol  (cresol), 
Methylphenylcarbinol,  493 
Methylphenylethylene,  341 
Meyer'n  method  for  vapour  den&ities,  1000 
Microscope,  use  of,  ^ 
Milk  sugar,  585,  ixhoS 
Mineral  naphtha, 
Mixed  types,  2 ' 
Molecular  formula,  36 

,,      distinguished  from  em- 
pirical formula. 39,  40 
„      relations  of,  to  vapour 
density,  ^ 
„     weight  definetl,  ^ 
Molecule,  monatomic,  diatomic,  &c.,  44 
Molecules  distinguished  from  atoniS;  ^  ^4 
Munuoetin,  6y6 
Monads,  £2^  ^ 
Monatomic  molecule,  ^ 

„       radicle,  44 
Ifom  dichlomcetic  chloride,  859 
Monikchlorliydrin,  i;4i 
Mononitro-paraffiDs,  164 


If 


Mucilage,  6j;4 
Murrayetin,  697 
Murrayin,  697 
My  con,  or  my  cose,  613 
Mycofle  (trehalose),  613 
Myrislicol,  240,  467 
Myrosin,  6^2 

Naphtha,  coal-tar,  247,  if  a 
„      light-,  2^ 
,,       mineral-,  146 
Xaphthaleue,  3^5 

„         acetylene-,  ^6^ 
„         benzyl-,  383 
„        chlorides  of,  351,  et  $eq, 
„        constitution  of,  346 
„         dibromo-,  353 
dichloride,  3^ 
„         dichloro-,  35^  498 
„  dicyano-, 
„         dinitro-,  £02 

diuitro-o-chloro-,  351 
enneachlorodi-,  35a 
ethyl-,  i53 
liomologues  of,  354 
„         isomeric  substitution  derira- 
tivea  of,  348 
nsethyl-,  iyt 
monimio-,  353 
monobrorao-,  353 

monochloro-,35  1,  35  2.353.  jgg 
tetrachloride  of,  35a 
monocyano-,  3f  4 
mononitro',  353 
pentabromo-,  35  3 
pentacbloro-,  350 
perchloro-,  3^ 
phenyl-,  ^ 
phenylene>  (pyrene),  383 
series  of  hydrocarbons,  345 
tetrabromo-,  3^3 
tetrachloride,  351,  56a 
tetrachloro-,  352 
tetrahydride,  343 
tetranitro-,  3.S4 
tribromo-,  35a 
trichloro-,  3^ 
Naphthalenes,  bromo-,  353 

chloro-,  351,  1004 
cyano-, 
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nitro-,  353 


I* 


Na]>hthaquino1,  534 
Nuphthaquinonc,  799.  800 

dichloro-,  80Q 
dioxy, 

Naphthazarin,  799 
Naphtherjtbrol  554. 

Naphthol  derivatives,  constitution  of,  501 
Naphthols,  432 

„       amido-,  499 
diamido-,  foo 
diimido-,  «>oo 
dinitro-,  500 
„       nitro-,  4QQ 
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Naphtbols,  nitroao-,  499 

oximido-,  500 
Naphthonitrile,  .^54 
Naphthjlic  oyiioide, 
Naphtbjlpbenjlmethaue,  ^83 
Naqaet'a  rule,  47 
Niiacent  bydrogea,  action  of,  i£ 
Nataloin,  8aa 
Neroli,  oil  of,  140 
Nickeloua  cyanide,  09 
Nitric  acid,  action  o^aa 
Nitrites,  properties  of,  ij^ 

table  of,  L22 
Nitro-deriTativea  of  tbe  bydrocarbous,  52 
Nitrofonn,  167 

Nitrogen,  analysis  of  carbon  oompunnds 
for,  22 

Dumas' method  of  determining, 
.  15 

aetermination,     by  relative 
Tolumcs,  iii. 

„  „  metbud  of  Will 

and  Yareutrapp,  2^ 

Nitrolic  acids,  167 
Nitroparafiins,  reactions  of,  165 

„         baloid-,  160 

,,         table  uf,~i04 
Nitroprussides,  1 10 
Nitrosodimetljylketono,  915 
Nitrons  acid,  action  of,  &2* 
Nonanea,  141 
Nonene  (uonylene),  197 
Nonylacetylene,  ixi 
Nonyiene,  197 
Nutmeg,  oil  of^  3 40 

OcTANK,  haloid  derivatives  of,  163 
,,      moniodo-,  163 
,,      monobrom-,  i6jt 
„       monochlor-,  163 
„      normal,  1^ 
Octaneglycine,  870 
Octyleue,  losn.  , 
Octylic  bromide,  16^ 
,,    chloride,  i^T 
iodide,  163, 
O^nantbol,  23' 
(Knantbylidene,  221 
Oil,  bone,  258 
,,  dead,  352 
„  Dippels,  158,  looi 
„  fusel, 
„  -gas, 

Marignac's,  ijo 
,,  of  turpentine,  22^ 
„  „  English,  2ij 

„  ,,  French,  12& 

,,  rock,  146 

Oils,  drying  and  non-dryinor,  962 

essential,  211  {kc  Es:ieatial  Oils) 
,,   fixed,  ZJL2 
volatile,  .2^ 
Oleates,  96^ 

defiant  gas  (ethylene),  183 
Ulefiues,  iJ2 


defines,  formation  of,  128 

,,      haloid  derivatives  of,  199 

isomerism  of,  1&2. 
,,  polymerization  of, 
,,      properties  of,  iSo,  1  not 

Oleina,  96^ 

Ononetin,  698 

Onoain,  698 

Ouospin,  69S 

Optically  active  substances  sp.  rotatory 
power  of,  569 
,,       active  substances,  constitution 
of,  982 
Orange  peel,  oil  of,  340 
Orcin  or  orcinol,  527 

,,    uonatitution  of,  ^.^o,  ix>o6 
,,    dibromonitro-,  £^ 
,,    baloid  derivatives  of,  5^ 
,,    isomeridcs  of,  5^ 
,,    moniud-,  ^jj 
,,    monobrom-,  531 
,,    nitro-derivatives  of,  5^1 
,,    peutabrom-,  5^ 
,,    pentachlor-,  531 
„    tribrom-,  5^1 
,,    tricblor-,  ^ 
,,    triiod-,  ^ 
,,    trinilro-,  ^ 
Orcinols,  5 1 9,  lao^ 
Oroosolin,  959  note 
Organic  analy^iis,  principle  of,  1 1 

,,       ,,       of  a  solid  not  containing 

nitrogen,  i_i 
,,    chemistry,  ^ 

,,       distinction  from  inor- 
ganic, 1 
,,    compounds,  nature  of,  i 
Organized  bodies,  2 
Orguno-metallic  compounds,  6^ 
Ortho-,  meaning  of  prefix,  303,  note 
Orthobcnzyltoluene,  362 
Orthocresul,  491 
Ortbodiethyl benzene,  293 
Orthodimetbylbtiuzene,  491 
Ortbodiphenylbeuzene,  385 
Oxalates,  933 
Oxaldtnes,  Jll 
Oxamide,  89 
Oxidation  limited,  73 
Oxidizing  agents,  22 

,,       ,,        action  of,  j^i  7* 
Oxybenzene  (phenol,)  475 
Oxycbry^aziu,  807 
Oxycymoquinones,  799 
Oxymetaxyloquiuone,  798 
Oxy pentad lin,  738 
Oxytetraldin,  738 
Oxytrialdin,  lil 

PALLAnlOCTAKIlJES,  IT^ 

Palladious  cyanide,  1 14 
Famlitane,  i4f 

Para-,  meaning  of  prefix,  303,  note 
i'arabeuzyitoluene,  ^62 
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Paracreeol,  491 
Faracyanngeo,  89 
Paradibenzoylbenzene,  381; 
l*aradib€uzyl benzenes,  385 
Panulietbylbentene,  ^93 
Purii(JiuielbyldiplieDyr(paraditolyl),  361 
Paradiphenylbenzene,  ^85 
Paraditolyl,  361 
I'aneBculetin,  687 
Paroffin,  ^li 

„     beech  wood-,  £43 

decomi>osition  of,  by  beat, 
manufacture,  141 
Paraffins,  fo, 

classification  of,  i^l 
,,       constitution  of,  1 30 
,,       cyaDo  derivatiTes  of,  171,  176 
„  „  ,,  Uble  of,  ij2 

„       haloid  derivatives  of,  147,  162 
,,    nitro  derivatives  of,  i6ji 
,,       homologous,  table  of,  13^ 
„       isocyano-,  table  of,  125 
„       isomeric,  table  of,  i2±  . 

isomerism  of, 
f,       nodes  of  formation  of,  ijj 

Ditro-derivatives  of,  164,  lqqj 
,,       perchlorination  of,  iqqq 
Paraglobularetin,  625 
Paraldehyde,  2Jj 

,,  ODnstitution  of,  717 

ParamyloD,  635 
Parantliraoene,  322 

Parapropylmethyl  benzene  (cymene),  jSg 

Pararabin,  651 

Paratbioethaldebyde,  74a 

Paratolylphenyl,  ^69 

Parethaldebyde,  121 

Paridiu,  698 

Paridol, 

Paristyphnin,  698 

Partial  saturation,  46,  47 

Patchouli,  oil  of,  397 

Faviin,  or  fraxin,~^4 

Peat,  destructiTe  disullation  of,  2£2 

I'ectinoae,  589 

Pectous  substances,  654 

Pentads,  £3 

Pentaldebyde,  normal,  750 

„  iao-,  750 

Fentane,  dibromo-, 

„       dichloro-,  ihl 

„  iso-, 

,,       mouochioro-,  163 
normal,  1^ 

,,       tetrabromo-,  120. 
Pentaneglycines,  869 
Pentanes, 

,,       haloid  derivatives  of,  t^i 
Pentene, 
Pentylene,  193 
Pepi»ermint,  Oil  of,  747 
Perih^B,  ^ 
Perry,  433 

Persalpbocyanogen,  110 
Petit  grain,  oil  uf,  340 


Petroleum,  Rangoon,  146 
,,      American,  146 

Peucedanin,  959  note 
Phascomannite  (inosol),  g6o 
Pheiialdols,  760 
Phenanthraquinol,  537,  &j  1 
Phenantbraquioone,  378,  811,  loii 
Pbenanthrene,  32I 

„  constitution  of,  379,  10O4 

,,  dibromide,  379 

,,  dibromo-,  379 

„  dinitro-,  37^ 

,,  monobromo-,  379 

„  mononitro-,  379 

tetrahydro-,  361 

,,  trlbromo-,  379 

Phenanthrenebydroquinone,  537 
Phenanthrimidoquinone,  81 1 
Pbeoetbaldebyde,  lqio 
Phenol  (carbolic  acid),  475 

,,     amidodinitro-  (picramic  acid),  478 
„     amidjsulpho-,  derivatives  of,  483 
„     benzyl-,  ^ 

,,     derivatives,  constitution  of,  485 

,,     diamido-,  478 

,,     diamidonitro-,  478 

,,     dichloro-,  480 

,,     diiodo-,  481 

,,     dinitro-,  476 

,,     dinitrometabromo-,  334 

I.     ethyl-,  ^ 

,,     haloid  nitro-derivatives  of,  483 
,,    sulpho-derivatives  of,  483 
,,     metabruuio-,  481 
,,     metachloro-,  480 
„     metauitro-,  476 
,,  meti«xlu-, 
,,     methyl-  (cresol),  ^Qi 
,,     nitro-derivatives  of,  476 
,,     nitroTO-,  477 

,,     nitrosulpho-derivatives  of,  483 

ortbamidoo,  478 
,,     orthiodo,  ^j8i 
,,     orthobromo-,  481 
,,     ortbochloro-,  480 
,,     orthonitro-,  476 
„     paramido-,  ^jlx  42? 
, ,     parabrom  0-,  481 
,,     parachloro-.  480 
„     paraethyU,  ^ 
,,     paraiodo-,  481 
,,     paranitro-,  476,  478 
,,     paraph euy I,  502 
,,     pentachloro-,^So  * 
,,     tetrabromo-,  481,  I  OPS 
,,     tribromo-,  ^1 
,,     triiodo-,  ^81 
,,     trinitro-  (picric  acid),  476 
Phenols,  468,  icx>5 

,,     amido-,  478 

,,      bromo-,  481,  1005 
cbloro-,  4^0 

,,      dihydric  (orcinols),  $ig 

,,      iodo-,  ^Bl 

,,     methods  of  preparing,  470,  loos 
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FhoDols,  nitro,  476 

,,      properties  of,  ^21 
propyl-,  Lqq6 
Phenoquinone,  446,  797,  loeg.  miQ 

Phenyl,  j^5(*w  Diphenyl) 
Phenylacetylene, 

Phenylbenzcne,       (*«  Dipheayl) 
Phenylbatylene, 
Phenylcarbaminei  3-28 
Phenylcarbinol,  490 
Pbeny I ch loropropy  lene,  341 
Phenylcyanopropylene,  343 
Phenylethylene,  340  (weCinnamene) 
Phenylethylic  acetate,  4^ 
Phenylglycerol, 
Phcnylnxlopropylene,  34a 
Phenylmercaptaa,  Ma 
Phenylnaphthalene,  3S3 
Pheaylpropylcarbinol,  494 
Phenylpropylene,  343 
Phenylenediphenylriiethane,  ^^I 
PheuyleneDaphtbalene  or  pyreoe,  383 
PhenyleDio  sulphides,  jia 
Phenylic  acetate,  8^7 

,,     bromide,  300 

,,     carbonate,  &jlS 

,,     chloride,  205 

„     cyanide,  ^27 

,,     di«alpbide,  213 

,,     hydride  (tee  Benteoe), 

,,     iodide,  3^1 

,,     isocyanide,  ^38 

,,     succinate,  938 

,,     sulphide,  u_i 

,,     Bulphydrate,  662 
Philly^nin,  698 
Phillyrin,  698 
Phlotamine,  551 
Phiorein,  551 
Phloretin,  608 

,,       nitro-,  692 
,,       tetrabromo-,  699 
Phlorizin,  6^ 

Phloroglucm  or  phloroglacol,  nso,  1007 
,,        constitution  of,  551 
„         tribromo-,  £51 
„         trinitro-,  551 

Phlorol, 

Phlorone  (xyloqninone),  798 
Phlorozein,  658 
Phorone, 

Phosphonic  acids,  57 

Phosphorus,  determination  of,  in  carboD 

compounds,  26 
PhthalaUlehyde,  770,  1010 
Phycite  (erjthrol),  .^53 
Fhylomelln  (rutin),  700 
Physiological  Chemistry,  2 
Pioo.ine.  754 
Picroerytbrin,  528 
•*  Pieces  "  (sugar),  596 
Pinacolic  alcohol,  453 
Piuacolin,  783 
Pinacone,  ^ij 
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Pinipicrin, 
Pioite, 

Piperonal,  765 
Pitch,  coal  tar-,  151 
Platinicyanides,  1 14 
Platinocyanides,  113- 
Plumbic  acetate,  827 
„     aery  late,  0^6 

oyanide, 
„     formates,  823,  824 
,,     glycolate  or  hydroxyaoetate,  88j 

malate,  240 
,,     propionate,  ftiS 
,,     sulphdcyanate,  r  19 
Polarimeter,  Jellett-ComiTs,  57a- 
Polaristrobometer,  Wild's,  57a 
Polarizing  apparatus,  ^69 

Broch's,  58X1  note 
Polyatomic  molecule,  ^ 
Polygalin  (saponin),  701 
Polymeric  compounds,  4_i 
Polymerization  of  ethylene,  igo 
,,  oletines,  1^8 

Populin,  652 
Sorter,  433 
Potash  bulbs,  i£ 
Potassic  acetates,  816 
,,     angelate,  960 
,,     argentic  cyanide,  lOO 
,,     auricyanide,  im 
,,      aurocjanide,  iQi 
, ,     chlorodioxyquinonesalphonate,  796 
,,      chromicyanide,  ita 
oobailicyanide,  I-L2 
,,     cobaltocyanide,  11  ( 
,,     cyanate,  uj 

cyanide,  56 
„     cyanurate,  122 
,,  dichloroqniaoldisulphooate, 
,,      dimethacrylate,  960 
,,     dioxyquinonedisulphonate,  786 
,,     /3-etboxypropionate,  885 
,,     euthiochronate,  796 
„     ferricyauide,  105 
,,     ferrocyanide,  loa 
,,     ferrous  cyanide,  loa 
,,     iridicyanide,  1 1^ 
„     isocyanate,  t  lS 

isoanlphocyanate,  112 
„      manganicyanide,  LLa 
mangamxsyanide,  iia 
„     mercuric  cyanide,  mi 
„     orthoformate,  824 
osmiocyanide,  11^ 
,,     platiuichlorocyanide,  ir^ 
,,     platinicyanide,  1 14 
,,  platini-iodocyanide, 
,,     platinocyanide,  ii^ 
,,     pyromeconate,  999 
,,     quinuldiHulpbonate,  796 
sulphocyanate,  n8.  up 
ff     tartrates,  944 

„     tetroxybeuzenedlsulphona'e*  72^ 
,,     thiocronate,  796 
,,     thiosuccioate,  2a3 
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Potassic  trichloroquinolBulphonate,  796 

trimetliacetate,  83  ^ 
Precipitation,  fractiuoal,  G. 
Proof  spirit,  4^7 
Propaldehyde,  ^ 
Propane,  ij8 

„       bromiodo-,  i^j 
,,       bromonitro-,  166 
chloriodo-, 

chlorobromiodo-,  ifij 
„       chlorodibromo-,  t6q 
cbloromonobromo-  1 6 1 
dibromo-,  159,  106,  looi 
dibromodichloro-,  104,  205 
dibronaonitro-,  167 
dichluriodo-.  161 
dichloro-,  158 
diacyano-,  175 
diiodo-,  161 
dinitro-,  16R,  169,  lOOl 
hexachloro-,  155 
iodochloro-,  704 
moniodo-,  l6q 
monobroino-,  1  so 
monochloro-,  l_58 
pentacbloro-,  159 
tetrabromo,  1607  llfi 
tetrachloro-,  159 
tribronio-,  ifio,  20^ 
trichloro-,  ISO,  105 
tricyaoo-,  1 75 
trinitro-,  169 
Propargylcne.  zaj 
Propargylic  bromide,  468 
„         chloride.  468 
iodide,  468 
Propene  (propylene),  190 
Propheterin,  699 
Prophetin,  699 
Fropine  (allylene),  212 
Propionitrile,  m 
Propylacetylene,  a  1 9 
Propylhenrene,  ifid 
Propylcarbinol,  438 
Propyldiethylcarbinol,  4«;7 
Propyldimethylbenzene,  796 
Propyldimethylcarbinol,  454 
Propylene,  130 

„       eblorobroroo-,  ao6,  uxu 
dibromo-,  2q6 
dibromudichloro-,  106 
dichluro-,  204.  516.  753 
diiodo-,  208 
moniodo-,  ao7 
monobromo-,  lo.s 
monuchloro-,  103 
a-phenyl-,  342 
/3-phenyl-  (aliylbenrene),  3^2 
pbenylchloro-,  341 
phenylcyano-,  342 
phenyli'ido-,  342 
polymeriBatton  of,  191 
tetrabromodichloro-,  307 
tribroroodichloro-,  202 
triiodo-,  20S 
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Propylenic  bromide, 

cLloride,  i£8 
„       cyanide,  m 
„       iodide,  101 
„       oxide,  678,  1009 
Propylethylcarbinol,  453 
Propyletbylene,  193 
Pn)pylethylmetbylcarbinoT,  562 
Propylic  alcohol  {see  Alcohol,  propylic) 
bromide,  159 
carbamate,  Sfia 
chloride,  1^ 
hydride,  or  propane,  1^ 
iodide, 
oxalate,  923 
Propylidenic  bromide,  1 53 

chloride, 
Propylmethylbenrene,  2H(^ 
Propyl methylcarbinol,  449,  1005 
Propylmethylmetatrioxybenzeue,  552 
Propylpseudonitrol,  168 
Proximate  analysis,  4 
Pnissian  blue,  107 

>•       *.    basJc,  107 

„       „    commercial,  109 

soluble,  icS 
„       „    TumbuU's,  109.  iflQQ 
„     green  (magnetic  cyanide),  los 
Prassiate  of  potash,  red,  105 

„        „         yellow,  iflj 
Pseudobutylic  hydride,  138 
Pseudocumene,  2M 

,,  bromo-,  3<i 

„  nitro-,  326 

,,  tribromo-,  321 

,,  trinitro-,  326 

Pseudocumenol,  loofi 
Purpurin,  805 

,,       iso-,  806 
Parpuroxanthin,  804 

diaoetyl-,  804 
dibromo-,  804 
dinitro-,  804 

Pyrene,  383 

„     constitution  of,  384. 

,,      dibromo-,  dibromide  oi^  384. 

,,      dinitro-,  385 

hexabydro-,  369 
,,     mononitro-,  384 
,,      tetranitro-,  385 
,,      tribromo-,  3S4 
Pyrenequinone,  384,  811 
Pyr'y^atechin,  or  catechol,  514 
Pyrogallol  (pyrogallic  acid),  547,  1007 
constitution  of,  ^52 
„      ether-aloohols,  1009 
,,      tribromo-,  f48 
Pyrogalloquinone,  737 
Pyroxylic  spirit  (methylic  alcohol),  411 
Pyroxylin,  or  gun  cotton,  649 

QoiRTiVALncE,  42 
Qoercite,  or  quercitol,  554 

,,       constitution  of,  560 

,,       pentacetate,  555 
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QaiDbydrone,  7Q7.  loio 
QainizariD,  or  cbiDizarin,  376,  804. 
Quinol,  or  hydroquinone,  525 

oonstitutiou  of,  812,  ion 
diacetyltetracbloro-,  796 
dichlorodioxy-,  796 
dimethyl-,  ^ 
dinilEit-,  689 
methylpropyl-,  533 
monomethylin,  684 
,,  naphtha-, 
QuinoQC,  or  benzoquinone,  794 
dichloro ,  225 

dichlorodioxy-  (chloranilic  acid), 

7q6 

haloid  derivatiTefl  of, 
methyl-  (tolnquinone),  798 
methylpropyl-  (thymoquinone), 

moDoohloro-,  795 
oxydi  methyl-,  178 
pheno-,  797 
pyrogallo-,  797 
tetrabromo-, 
tetrachloro-, 
trichloro-,  79^ 
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Quinones,  j^S 
Quinova  bitter,  6^9 
„       sugar,  ?2 
QaiooTin,  699 

Radiolb,  6^  65 
Badidee,  compound,  64 

„       Qerbardt's  theory  of,  65 

I,       monad,  6fi 

,,       monatomic,  &&,  44 
Rafiinose,  603 

Beagenta,  action  of,  on  carbon  componods, 

U 

Beducing  agent*,  ^5 

It         ff      action  of,  25 
Resin  soap,  1^3 
Resins,  239 

Bcsorcinol,  or  resorcin,  £31 

„  diaw-, 

,,       dinitroflo-,  573 

„       haloid  deri  rati  res  of,  jiM 

„       iodo-,  ^ 

,,       monomethylin,  684 
mononitro-,  523 

„       pentabromo-,  513 

,,       pentachloro-,  513 

„       tribromo-,  £32 

„       trichloro-,  533 

„       trinitro-,  £33 
Resorqoinone,  22? 
Betene,  383 
Retistene,  383 
Rhamnegin,  700 
Rhamnetin,  700 
Rhamnin,  700 
Khamnogenin  700 
Rhinanthin,  yoo 
Rbodicyanides,  115 
Khoduuatoa  (tbiocyanates),  118 


Eobinin,  700 

„      sugar,  200 
Rochelle  salt,  944 
Rock  oil  (naphtha),  146 
Rosemary,  oil  of,  343 
Rosewood,  oil  of,  397 
Rosin,  'i'ift 
Rubian,  8aa 
Ruficoccin,  691 
Rum,  £33 

Rutbeniocyanides,  113 
Ratio  (melin),  700 
Ratylene,  221 

Sacchabirb  gronp,  or  Saccbarons,  ^< 
Saccharon,  or  cane  sugar,  593.  loo^ 
Saccbarons, 

,,        artificial,  615 
Saccharose,  (cane  sugar),  593 
Safrol,  3^ 
Sago,  6ia 
Salicin,  2^ 

„     benzoyl-,  or  popnlin,  699 
bromo-,  701 
chloro-,  701 
dichloro-,  701 
perch  loro-,  201 
Botlium-,  701 
tetmcctyl-,  701 
Salicylic  aldehyde,  or  salicylol,  760 
aceto-,  762 
bromo-,  761 
chloro-,  261 
methyl-,  26i 
Saligeoin,  or  saligenol,  537 
„      bromo-,  701 

dichloro-,  537 
ff      monochloro-,  537 
Saligenols,  519 
Salts,  ethereal,  59 
haloid,  58 
„     metallic,  58 
Sapogenin,  joi 
Saponin,  701 
Sarcolactide,  89a 
Sassafras,  oil  of,  3^ 
Saturated  compounds,  50 

molecule,  ^  note 
Saturation,  fractional,  j 
Savine,  oil  of,  239 
Scammonium,  696 
Seignette  salt,  944 
Selenaldine,  739 
Senegin  (saponin),  201 
Separation  by  solvents,  4 
Series,  heterologous,  63 
„     bomol(^a8,  50 
„     isologous,  51 
Sesquiterpenes  (CjTtt,^).  297. 1004 
Silver  aoetylide,  314.  315 
„    dicyanimide,  118 
„    salts  (*ee  Argentic) 
Sinai  bin,  703,  1009 
Sinapinine  Bulphato,  702 
Soap,  Menhaden  oil,  357 
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Soap,  rfsin-,  239 
SocaIoid,  PoS 
Sodic  acetaten,  Sifi 
aerylate,  956 
colxalticyanide,  rii 
bjdracrylate,  or  hydroxypropionAte, 
SM 

h.rdroxybQtjrst«s,  895 
lactates,  8S9 
maogauocyanide,  114 
nitroprusside,  1 1 1 
orthofonnate,  834 
tartrate,  944 
xiocic  cyanide,  99 
SiHliom  nitroeth&De, 
SolaniciDe,  701 
Solaoidine,  70a 
Solanine,  701 
Solution,  fractional,  6 
Solvents,  use  of,  in  proximate  analysis,  4 
Sorbin,  or  sorbinose,  589 
Sorbite,  559 
Spearmint,  oil  of,  141 
Specific  rotatory  power,  52I 
Spirit  of  wine  (ethylic  alcohol),  ^ 
„  „     methylated,  4^ 

„     proof-,  ^ 

Spirits, 

Starch,  6i6,  looR 
acetates,  624 
action  of  acids  00,  633 

malt  extract  on,  615 
gelatinized,  623 
grains,  composition  of,  617 

,,  formation  of,  61 S 
Dttro-derivatiTes  of,  62^ 
-paste,  633 
potato-,  62Q 
properties  of,  622. 
rice-, 

soluble,  613 
sugar  (amylon),  dL2 
,,    torrefied,  623 
wheat-,  fi^i 
Stearopten  of  oils,  223  note  ' 
Stilbene,  ;toluylene\  366 
bromo-,  367 
dibromide, 
hmuologues  of,  368 
iso-,  367 
tribromo-,  367 
Stockholm  tar,  25^ 
Stout,  ^ 
Strontic  acetate,  8 16 
Struthin  (saponin),  joi 
Styml  (cinnaniene),  340 
Styrolene  (cinnamene),  340 
Sul>erone,  933 
Substitation  compounds,  78, 

, ,        in  the  phenol  senes,  489 
Succinates.  927 
Succinic  chloride,  927 
SucTodextrnse  (glucose),  577 
Sucrolaevuloee  (laevulose),  584 
Sucrose  (cane  sugar),  593 
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Sugar,  action  of  acids  on,  600. 

bases  on,  6qi 
beat  on,  SQI 
beetroot,  594 

cane,  or  saccbaroo,  593,  UoS 
'crushed,'  5^36 
,,     diabetic,  583 

,,     effect  of,  on  polarized  light,  iSl 
,,     estimation  of,  60^ 
,,     fermentation  of,  604 
,,     in  the  blood,  6^ 
„       ,,     urine,  58^ 
,,     inversion  of,  6qi 
,,     -lime,  5^ 
,,     manufacture  of,  £33 
,,     metallic  derivatives  of,  j;98 
,,     milk-  or  lacton,  608.  lqqS 
,,     of  lead,  822 
„     quinova-,  699 
,,     reducing  power  of,  605 
„     refining,  ^ 
,,     robinin-,  700 
,,     rotatory  power  of,  .S97 
,,     separation  of  potash  salts  from,  596 
,,     starch-,  or  amylon,  6l2.  ifisS 
Sulphine,  dibutyl-,  814 
„       diethyl-,  814 
,,       diisobutyl-,  814 
,,       diisoamyl-,  814 
,,       dimethyl-,  814 
,,       ethylamyl-,  S14 
,,       methylethyl-,  814 
,,       paratolydi-.  814 
,,       phenyldi-,  814 
Sulphines,  706,  814 
Sulphinic  acids,  52 
Sulpho-acids,  £2 
Solphobenzid,  815 

,,         oxy-,  Si^ 
Sulphocarbonates,  88q 
Sul|>hocyanate.<<,  118 
Sulphonc,  dibutyl-,  815 

,,        dichlorophenyl-,  815 
diethyl-,  Slj 
dimethyl-,  oli; 

diphcnyl-  or  snlpbobeozid,  81S 
ditolyK  815 
naphthyl-,  815 
,,        paradioxyphenyl-,  815 
,,        phenylnaphthyl-,  Si/T 
Snl  phones,  706.  S14 
Sill  phonic  acids,  52 

Sulphur,  determination  of,  in  carbon  com- 
pounds, 26 
I,       dietbmcthiodide,  710 
„       dimethyl,  compounds  of^  210 
,,       ethmethiodide,  710 
,,       ethylmethyletby],  oompoaiMls 
710 

,,       trielhiodide,  710 

,,       trimelhicKlide,  709 
Syiisnthrose,  636.  1009 
SyntfaeKis  of  carlx>a  compounds,  I 
Syringenin,  702 

Syriugiu  (ligustrin),  202  .   -  - 
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TaMB  of  acetylene  scries,  io9 

add  aDhydrities  of  the  ao^ic 

Midt  of  Ibe  «0llic  scries,  20, 
840,  lot2 

glyculic  or  lactic 
aehea,  873 
„      „      nakie  ■met,  967 

,,       ,,      succinic  8erie«,9i8 
alcohuia  ul'  the  benaene  ■6116^^469, 
1005 

„        „  ««k9]ieaeriea,405, 
458t  1005 
•UltkjdMof  tiM  Metio  nriM^  722 
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auylic  alcohols,  444 
aaUmceae   aeries   of  hjd^ 

carbons,  370 
lyfinen  from  bone  uil,  258 
beBzeoe  lerias  of  hjdrocarbonii, 
178,  1003 
Fub&titatioo  deri- 
vatif «•  0^  3J7 
bromfnaWd  darivatiwa  of  pro> 

'59 
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lOllMllt, 

s,  481 
bcoBotolmiifs,  320 
oarbaainea,  173 
obloniliaacs,  156 
oUoHnaled  dflrivaliviiof  albaa«^ 

propane, 

158 
toluene, 
318 

flUonbromopropanfli^  160 

chlorophencla,  480 
cbloropi-opaues,  158 
cbiorololueDea,  318 
cipuatnoBo  aerioaof  hjdrooarboiu, 
340 

coal  tarprodacta,  251,  1003 
egranio  acid  polymeridea*  126 
^yanopaialiiuB,  IJ2 
dihaloid  ilerifaftim  of  bomeiw, 

337 

dinaphthyl  aericaofhydnMarboiia} 

388 

dipbenyl  deriTativefl,  353,  357 

doaUe  cyanides,  1 13 

otbonal  Mlta  of  aoid>  of  the 

aoetk  aerieii  846 
otbors  667 

fnxifliyaDides,  106 

ferrocyRoides,  104 
haloid  glycols,  518 


tt 


of  the 


pwafl^i^  176 


Tablo  of  haloid  doriviliTOi  of  the  panfiaik 

JS<> 
It        tt  " 


tt 


tt 

It 

If 
i> 
tt 
It 
tt 
tt 

tt 
•t 

»» 
»» 
It 

n 
» 

»» 
»» 
It 

»» 


»f 
>< 
tt 
»l 
»> 
tt 


•  t 


It 


tt 


tt 


:5i 


I* 


tt 
tt 
•t 
•* 
It 
tt 
ft 

»♦ 
•» 
»• 
t' 

»» 


Biteo-derivatives  of  tlie 
paraffins,  169 
„  pheaol,4^ 
beptylic  alcohols,  454 
boxjlio  akoMs,  452 
honokfOOa  series,  64 

„       paraHins,  134 
bnnologiMBof  boBsoM,  <78 
hydraoitboDs  of  the  acetyloBe 
riea,  308 
aBAfaeeno  aerios,  370 
benzene  seriefl,  278 
oinnaniene  aeries,  340 
dioapbibyl  series,  388 
dipbenyl  series,  355 
idriaiane  series,  390 
u^ibalaM  ■ofie^ 
345 

otefiae  series,  1 84 
parafia  series,  1 34 

pyrene  series,  383 
s^bene  series,  364 
tnm    MffAadM  oil 

suap,  257 
iodopheools,  483 
tsocyaao'paralfins,  173 
iaolofOBS  }i>'druC2irL)ons,  5I 

„     paraffins,  134 
kotoBoa  Off  Ihtaoeuo  series,  784 

,,       aroiuatic  ieric.«,  7^5,786 
meroaptans,  or  tbioalcobols,  6^9 
BMtallocyanie  xadides,  115 
munhydruxy-derivatives  of  addo  of 

the  aoetio  aeries,  873 
BiOBonitiotolaones,  335 
nitrites,  171 

nitro-haloid  derivativoa  of  beo* 

.  Wine,  331,  3.^2 
nitroparaffins,  164 
nitropbeools,  477 
nitrotolnenes,  335 
octylic  alcohols,  456 
olefines,  i;8,  184 
organo-metaliic  compounds,  63 
pturaffins,  134 
pentylic  alcohols,  444 
phenols,  469,  1005 
poIyBNrideo  of  ejmidc  acid,  1 36 
pyrene  acrioa  of  bjdmearhons, 
383 

reactions  of  oedinK  Bilr>|NU«ffiBi» 

stilbene  series  of  hydrocarbons 

364 

BoVmtitution  derivatifia  of 

z«u*.',  337 
„     ihioalcohol%  659 
thiuvlhers,  704 
Tauipicin,  703 
Tannins,  703 
TajMooa,  629 
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Tar,  coal., 

oumpounds  present  io,  aj>t.  1003 
distillation  uf,  253 
„  Stockholm-,  2^ 
,,  wood-, 
Tartar, 

,,     emetic,  Q44 
Tartrates,  944 
Terebene,  2\i,  icoJ 

,,       moiiohydrocbloride,  sji 
,,       poIjmerizatiuD  of,  2  j2 
TerebeDth«ne,  116 

„  austra-,  rj^ 

„         ooropounds    with  haloid 

acids,  222 
,f  dihydrochluride,  2^ 

tt  hydrobromide,  220 

hydrocbloride,  229 
hydriodide,  22q 
„  iao-,  2io 

•         ,,    dihydrochloride,  2^ 
niooobydrochioride, 
330 

poly  mentation  of,  22Q 
Terecamphine,  aciiTe,  2^ 

,,  inactive,  2^ 

Terpene  from  isoprene,  2^ 

,,     bydrocblorides,  1001 
nionobydraiet,  1003 
Terpenes,  222 

„       artificial,  224.  loai 

,,       compounds  of,  with  water,  136 

,,       cou8titution  of,  290 

„       from  aurantiaoete,  240 
,,    caoutcbono,  2^ 

,,         ,,    labiaue,  TaI 
,,    laaraceae,  240 

,,  myrinticew,  240 

,,         ,,    unibellifera-,  241 

,,       natural,  225^  238 

,,       nitroso-,  236,  1003 

,,       oxidation,  producto  of,  237 

„       sesqui-,  (C,1h,,),  297 

,,        teiiuchloro-,  236 
Terpentine  hydrate,  237 
Terpin,  236 
TerjiinoITziS 
Tetra«l»,  42^  ^ 
Tetnib>  droiuetaxylene,  211 
Tetmhjdmphenanthroue,  361 
Tetmldt'hyue  (butyraidehyde), 
,,  normal,  JAI 

,,  trichloro-,  749 

Tetraldol  (oxybutyric  aidebyde),  748 
TetraniethylaJlene,  121 
Tetraniethyll)eii2ene,  294 
TetraiDetbjletliane,  140 
Teiramethylmetbane,  1^ 
Tetrane,  dibromo-, 

,,      haloid  derivatiTes  of,  ihl 

,,      mouiodo-,  161 

monobromo-,  l6j 

,,      luouocbloro,  ihl 

„      normal,  138 

„      teirabroroo-,  162.  ztQ 


Tertane,  tribromo-,  161 

Tetraneflycine,  86q 

Tetrapbraol,  993 

Tetrapheny letnane,  390 

Tetraphenyletbyleue,  391 

TetraphenyJglycol,  780" 

Tetrapbcnylmethane,  390^  1004 

Tetraterebentheoe,  229 

„  dihydrochloride,  230 

„  monohydrochloride,  230 

Tetroxydiphenoqninone,  &2Q 

Tetrylene  (butylene) 

Theory  of  compound  radicles,  64 

Tbialdines,  721,  739 

Tbioalcobol  or  mercaptan,  66.1 

Thioalcohols  (mercaptaus),  5^  6so 

Thiubcnzaldebydes,  759 

Thiocarbamates,  88 1 

Thiocarbunates, 

Tbiocarvacrol,  hdi 

Thiocresols,  (jd^ 

Tbiocyanates,  1 18 

Tbioetbers,  ^  254 

Thiofurfurol,  267 

Thioglycerol,  663 

Tbioglycol,  662 

Tbioiuetbaldebyde,  725 

Thionaphthols,  662 

Thiopbenol,  662 

,,         parabromo-,  fi6t 

Thioquinol,  663 

Thioresorcinol,  663 

Thiothymol,  66« 

Thiourea, 

Tbus,  gum-,  uh 

Thyme,  oil  of,  241 

Tbymene,  2^ 

TbymolbydroqainoDe  or  thyrooquinol,  553 
Tbyinoilul  (thyaiuquinol),  £^ 
Thymol,  24^t  494 

,,       dibromo-,  494 

,,       dinitro-,  4<^ 

,,  pentabromo-, 

,,       peutachloro-,  494 
irinitro-,  ^ 
Tbymoquioone,  798 
oxy-, 

Tbujetin,  203 
Thujigenin,  70^ 
Thujiu,  203 
Tolaue,  ^ 

,,       bromides,  382 
,,       dibromide,  381 
,,       dicbluride,  382 
,,       dimethyl-,  382 
,,       tetrachloride,  ^82      .  ' 
Toluene,  283 

,,       chloro-,  deri  rati  res  of  the  hono- 
iogues  of,  318 
diortbodinitro-,  jtg  "  • 
,,       metabrumo-,  ^13  • 
,,       metanitro-,  32^       <  • 
,,       monobromo-,  320 

nitro-baloid,  dthvai»v«k  of,  332, 
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Tolime,  ortliobron](v,  320 
ti 

ortiioobloro-,  31  j 
„      orthooitro-,  394 

orthopHradinitro-,  ^5 

parabromo-,  330 
„      panefakro-,  313 

I>,ir;iiiitro.,  ^2^ 
Toluenea,  brumo-,  319 

•t 

,f      dinhro*,  394 

„  hepWhloro-,  317 
„       heuobloro-,  317 

■Kmobromo-,  319 
„  monochl<)ri>-,  313 
„      iiitro-,  334,  1004 

pmtadiloro-,  316 

„        t«tnicliInro-,  316 

iribrumo-,  330 

triflbloro-,  314 

trinitro-,  325 
ToluhjdroqaiDone,  533  , 
TbloqaiBMie,  798 

,,  teiracbloro-,  798 

Toluylene,  3<}6  {aet  Stilbaot) 
Tolajl  hydrate,  503 
Toljricarl'inol,  491 
Tulylpheoyl,  para-,  369 
Tulylpbeoyicarbinol,  503 
Tread*.  594,  596 
Trebala  wanna,  6 1 3 
Trahaloae  (myoose),  613 
TiiacetonalkamiDe,  780 
ThacetooainiDe-,  780 

,,  nitruso-,  780 

Triads,  42,  45 
Triamylenic  dibromide,  laa 
Triargentiocyanarate^  las 
Triatnnio  molecale,  44 

radide,  44 
Tribrometbaldebydrol,  514 
Tribn>mhydrio,  160 
Tribromobenzenes,  303 
Tribrumoreaorquinone,  523 
Trichloracetic  chloride,  859 
Trichlorethaklebjdrol  (ehloml  hydmto) 
5 '3 

Trichlorhydrin,  159 
Trichlorobutaldtliydrnl,  516,  747 
Trichlorobutyrir  alciehyde,  749 
TridilttrotetmdebydroC  51^  749 
Triethylbenzene,  296 
Triethylcarbiuol,  455 
Triethylmethaoe,  140 
Triferrpns  ferricyHnide,  109 
Trihydruxethyieuoniine,  677 
Tni«obutylen«^  193 
Trimethylbenjiene,  287 
TriiDetiiylcarbuiul,  439 
Trimetby  Ethylene,  194 
Trimcthyletliylmvthane,  140 
Trimetiiylmc'lhane,  138 
Trioxytnctaxylenet  53s 
Trioxjriii4»hibal«iie,  552 


mouobromo-,  390  ^ 
„  trinittos  390 

Triphenylcarbinol,  385,  fOi 
Tripheoylohlorometbaoe,  386 
TripheoylmetlMiM,  385,  1004 
Tarpauiaa^  collection  of,  ats 
,t       larchf  339 

oil  «i;  kt^lrik,  ns*  «34  - 
„  French,  315,  ««6 

„        8traaburj{,  339 

Turpethin,  704 
Tjpe,  ammoDia,  69 
„  bydiodilorie  add,  69 
hydrogen,  68 
lunh  gaa,  70 
„  nwteUie,  68 
water,  69 
Typea,  chemical  theoiy  of,  67 
„    mixed,  71 

Typical  liydrogen,  7I 
Tyroaiue,  869 

Ui.TiMATK  analysis,  4,  II 
Unsaturated  compouiida,  50 
ITntlme  (etbylie  oariMOMleK  879 

YAuaoi,  change  of,  a7 
Ytkni  or  Tkleiallehyile,  750 
Talerylenes,  219,  looa 
Yalylooe,  333 

,,     dibronio-,  224 
Vanillin,  685,  6(^2,  764 
Vapunr  density,  U^ifmann's  method  for, 
36,  looe 

.,  ,,       Meyer's  method,  tooo 

Varrentrapp  and  Will's  method  for  d«t*r> 

miuiog  nitrogen  33 
T«c*teU*  nmcUBge,  654 

„     Mnjhnieiit,  6jO 
Veratrol,  082 
Vinegar  making,  894 
Vinylic  alcohol,  3 1 3 
bromide,  30l 
„      chloride,  200 
iodide,  30  3 
Volatiie  oils,  aaa 
VoloMiit*  or  tbooit^  944 

WAirA  or  Chioete  JtUoir,  700 
Wanw^tittll,  8 

Water  oTen,  1 1 
type,  69 
Warem,  diltiUad-,  939 

Whisky,  433 

Wine,  Mpirit  of  (alcohol),  435 

,,    varietiM  of,  43« 
Wines,  433 

„     strength  of,  434 
Wood,  destructive  diht illation  0^  954 
Hpirit  (melhylie  aloohol),  499 

,,     uu,  154 

XaJITHO«ALIOft,  548 
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Xanthorbamnin,  700 
X«nol«  or  xjlenols,  491 ,  1005 
Xjrloi'tlin,  625 
Xylene,  28^ 

Xylene,  benzjlmeU-,  363 
beniylpara-,  36.^ 
bromometa-,  331 
dichloro-,  319 
dinitrouieta-,  37$ 
glycol,  iJi 
lueta-,  285 
metatrioxy-, 
monochloro- 
ortho-,  285 
{)ara-,  285 
tetrabromo-,  _ 
trichloro",  319 
trinitrometa-,  326 
trinitropara-,  J25 
Xylenes,  bromo-,  ^21 
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Xylenes,  chlon>-, 

conetitutiuD  of,  ^  I 

nitro-,  ^25 

aepnratioii  of,  1003 
Xy]enoIs  or  xenola,  492,  1005 
Xyl<K}uinone  (phloronej,  798 
Xyiostein,  or  louicerin,  7o^ 

Yellow,  Chinese-,  ^oo 

Zattaloin,  S08 
Zinoic  butyrate,  830 

„    cyanide,  35 

,,    dimethethacetate,  834 

,,    bydracrylikte  or  bydruxypropiuoate, 
88  7 

„"  hydroxybutyrale,  835 

iflobutyrate,  830 
„    lactate,  889 

triiuetbacet&te,  8^ 
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Essays  on  some  Unset- 
tied  Questions  of  Political  Economy. 

By  John  Stuart  Mill.    8vo,  6s.  6U. 
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Thomson,  D.D.   Crown  Svo.  6r. 

Essays  in  Political  and 

Moral  Philosophy.  By  T.  E.  Cum 
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R.  II.  HuTTON.  2  vols.  8vo.  with 
Portrait,  28j. 

Short  Studies  on  Great 

Subjects.    By  J.  A.  Fkoude,  M.A. 
3  vols,  crown  8vo.  iSj. 

Manual  of  English  Lite- 
rature, Historical  and  Critical.  By 
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German  Home  Life ;  a 

Series  of  Essays  on  the  Domestic  Life 
of  Germany.    Crown  8vo.  6s. 
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ALA.  M.D.  Abridged  from  Dr. 
Latham's  Edition  of  Joluosoii's  EngUsh 
Dietionaiy.   Mcdinin  Svo.  34/. 

A  Dictionary  of  the  Eng- 
lish Languag^e.   By  R.  G.  Latham, 
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gation. Re-etlited  by  ITi  Gil  G.  Reid. 
With  1 1  Maps  and  30  Charts.   Svo.  631. 

Keith  Johnston's  General 

Dictionary  of  Geography,  Descriptivei 
Physical,  Statistical,  and  His(orieBl| 

a  complete  Gazetteer  of  the  WfliUU 

Medium  Svo.  42J. 

The  Public  Schools  Atlas 

of  Ancient  Geography,  in  2S  entirely 
new  Coloured  Maps.    Edited  by  the 

Rev.  G.  BuTT.F.R,  M.A.  ImperiuSvo. 
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grams.    Square  crown  Svo.  \2s. 
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The  Moon  ;  her  Motions, 

Aspects,  Sceneryi  and  Physical  Con* 

dition.  By  R.  A.  Proctor,  T?.  A. 
With  Plates,  Charts,  Woodcuts,  and 
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Views  respecting  the  Constitution  of 
the  Heavens.  ^  R.  A.  Proctor, 
B^A.  Second  Edition,  with  22  Charts 
(4  Coloured)  and  23  Diagrams.  8to. 
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The  Moon,  and  the  Con- 
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Proctor,  B.A.  With  i6x  Diagrams. 
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Pkactical  Treatise  on  Me- 

tlltargy.  Adapted  from  the  last 
German  Edition  of  Professor  Kerl's 
Metallurgy  by  W.  Crookes,  F.R.S. 
Ac.  ud  £.  RoHRiG,  Ph.D.  3  vols. 
Svo.  with  635  Woodcnta.  ^£4.  199. 

Anthracen ;  its  Constitution, 

Properties,  Manufacture,  and  Deriva- 
tives, including  Artificial  Alizarin,  An- 
thrapurpurin,  &c  with  their  Applica- 
tions in  Dfeing  and  Printing.  By  G. 
AuERnACif.  Translated  by  W. 
Crookes,  F.R.S     8vo.  iZf, 

On  Artificial  Manures, 

their  Chemical  Selection  and  Scientific 
Application  to  Agriculture  ;  a  Scries 
of  Lectures  given  at  the  Experimental 
Farm  at  Vincenncs  in  1867  and  1874- 
75-  By  M.  Georges  Ville.  Trans- 
lated and  edited  bjr  W.  Crookes, 
F.R.S.  With  31  Plates.  8va  8M. 


Practical  Handbook  of 

Dydiis^  and  Calico- Printing^.  By 
W.  Crookes,  F.R.S.  &c.  With 
numerous  Illustrations  and  specimens 
of  D]ml  Textile  Fabrics.   Svo.  42r. 

Mitchell's    Manual  of 

Practical  Assaying.  Fomth  Edition, 

revised,  with  the  Recent  Discoveries 
incorporated,  by  W.  Crookes,  F.R.S. 
Crown  Svo.  Woodcuts,  31/.  6^ 

Loudon's  Encyclopaedia 

.  of  Gardening^ ;  the  Theory  and  Prac- 
tice of  Horticulture,  Floriculture,  Arbori- 
culture &  Landscape  Gardening.  With 
i»ooo  Woodcots.  8vo.  ai/. 

Loudon's  Encyclopaedia 

of  Agricnltnre ;  the  Laying-out,  Im- 
provement, and  Management  of  Landed 
Property ;  the  Cultivation  and  Economy 
of  taenodttctions  of  Agriculture.  Wiu 
1,100  Woodcuts.   8vo.  21A 


REi^lGIOUS  and 

Four  Lectures  on  some 

Epochs  of  Early  Church  History. 
By  tlie  Very  Rev.  C.  Meri VALE,  D.D. 
rkHm  of  Ely.   Crown  8vo.  fr. 

A  History  of  the  Church 

of  England;  Pre- Reformation  Period. 
By  the  Rev.  T.  P.  BoiTLTBEK,  LL.D. 

late  Fellow  of  St.  John's  College^  Cam- 
bridge,   8vo.  1 5 J. 

Sketch  of  the  History  of 

the  Church  of  England  to  the  Revo- 
luUon  of  1688.  By  T.  V.  Short, 
D.D.   Crown  Sva  ^s.  6d. 

The  English  Church  in 

the  Eighteenth  Century.  By  Charles 
J.  Abbsy,  late  Fellow  of  Uiriversity 

College,  Oxford  ;  and  JOHN  11.  Ovkr- 
TON,  late  Scholar  of  Lincoln  College, 
Oicfovd.   s  Tols.  8to.  z6s. 

The  Human  Life  of  Christ 

revealing  the  Order  of  the  Universej 
being  tfie  Hubean  Lectures  for  1877  ; 

with  an  ArrKNDix.  By  C.  S.  Drew, 
M.A.  Vicar  of  Holy  Trinity,  Lambeth, 
8vo.  8r. 


MORAL  WORKS. 

An  Exposition  of  the  39 

Articles,  Historical  and  Doctrinal.  By 
E.  U.  Browne,  D.D.  Bishop  of  Win- 
dbester.   Eleventh  Edition.   8vo.  idr. 

A  Commentary  on  the 

^  Articles,  forming  an  Introduction  to 
S^e  Theology  of  the  Cfaordiof  Em^and. 

§f  the  Rev.  T.  P.  Boultkee,  LL.D. 
ew  Edition.    Crown  8vo.  6s. 

Historical  Lectures  on 

the  Life  of  Our  Lord  Jesus  Chilit 
By  C.  J.  Ellioott,  D.D.   8va  12m. 

Sermons  preached  most- 
ly in  Uie  Chapel  of  Rugby  School 
by  the  late  T.  Arnold,  D.D.  Collective 
Edition,  revised  by  the  Author's 
Daughter,  Mis. W.  E.  Fo&STBR.  6  vols, 
crown  8vo.  30r.  or  separately,  5a  each. 

The  Eclipse  of  Faith  ;  or 

a  Visit  to  a  Religious  Sceptic  "Bf 
HiNEY  ROGBRS.   Fcp.  8to.  $t, 

I  Defence  of  the  Eclipse  of 

i      Paifh.  ByH.RoGBKS.  Fcp.8vo.3f.&il 
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Nature,  the  Utility  of 

Religion  and  Theism.  Three  Essays 
by  John  S  h  art  Mii.i..    8vo.  lor.  6^ 

A  Critical  and  Gram- 
matical Commentary  on  St.  Paul's 
Epistles.  V>j  C.  J.  Ellicott,  D.D. 
8vo.  (ialntians,  8 J.  bd.  Ephesians, 
8r.  (si.  rxstoral  Epistles,  I  or.  dd. 
rhilippians,  Colossians,  <k  i'hilcmon, 
lor.  ti,   Thendonians,  7/.  &/. 

Convbeare  &  Howson's 

Life  and  EpisUes  of  St  PaoL 

Three  Eflitinn*-,  copiously  illustrated. 

Library  Edition,  with  all  the  Original 
lUnstntions,   Maps,   Landscapes  on 

Steel,  Woo<{ctits,  «C.    2  vols.  4to,  42J. 
Intermediate  Edition,  with  a  Selection 
of  Maps,  riatcs,  and  Wooilcuts.  2  vols, 
square  crown  8vo.  %is, 

Stndmfs  Edition,  revised  and  con- 
densed, with  46  Illustrations  and  Maps. 
I  vol.  crir,\n  Svo. 

The  Jewish  Messiah  ; 

Critical  History  of  the  Messianic  Idea 
among  the  Jews,  from  the  Rise  of  the 
Maccabees  to  the  Closinjj  of  the  Tal- 
mud. By  James  Drcmmo.no,  B.A. 
8vo.  15X. 

The  Prophets  and  Pro- 
phecy in  Israel ;  an  Historicsl  and 
Critical  Inquiry.  By  Prof.  A.  KUENEX, 
Translated  from  the  Dutch  by  the  Rev. 
A.  Mil  ROY,  M.A.  with  an  Introdnc* 
tionbyj.  MriR,  D.C.L.    Svo.  2It. 

Mythology  among  the 

Hebrews  and  its  Historical  Develop- 
ment. By  Ignaz  Goldoker,  Ph.D. 
Translated  by  RUSSBLL  MARTINBAV, 

M.A.    Svo.  \Gs. 

Bible  Studies.    By  M.  M. 

KALiscir,  I'h.D.  Part  1.  Iht  Pro- 
fkteiet  >y  /.',7/,;,rw,  Svo.  loj.  6</. 
Part  U.  Th*  Book  0/ Jntah,  Svo. 

I  Of.  6./. 

Historical   and  Critical 

Commentary  on  the  Old  Testament ; 
with  a  New  Translation.  By  M.  M.  ) 
Kalisch,  Ph.D.  Vol.  I.  Genesis 
Svo.  i8j.  or  adapted  for  the  Cieneral 
Rcatlcr,  I2r.  Vol.  II.  Exodus,  IjA  or 
adapted  for  the  General  Reader,  I2j. 
Vol.  III.  Leviticus,  Part  I.  i^j.  or 
adapted  for  the  General  Reader,  Sr. 
Vol.  IV.  Leviticus,  Part  II.  I5f.  or 
adapted  for  the  General  Reader,  8/. 


Ewald's  History  of  Israel 

Translated  from  the  German  by  J.  E. 
Carpenter,  M.A.  with  Preface  by  R. 
Marti NE\u,  M..\.    5  voK  Svo.  637. 

Ewald's   Antiquities  of 

IsraeL  Translated  from  the  Gcrmsa 
by  H.  S.  SoLlY,  M.  A.    Svo.  lar. 

The  Types  of  Genesis, 

briefly  considered  as  revealing  the 
Devdopnent  of  Hmnan  Natnre.  By 
A.  Jukes.   Crown  Svo.  ^s.  &£ 

The  Second  Death  and 

the  Restitution  of  all  Things;  with 

some  Preliminary  Remark<;  on  the 
Nature  and  Inspiration  of  Holy  Scrip* 
tore.  By  A.  Jukes.  Crown  Svo.  3^.  M 

Commentaries,  by  the  Rev. 

W.  A.  O'CoNOR,  B.A.  Rector  of  St. 
Simon  and  St  Jnde,  Manchester. 

Epistle  to  the  Romans,  crown  8vo.  31.  6dl 

Epistle  to  the  Ilebrows,  4J.  (xL 
Sl  John's  Gospel,  lor.  tx/. 

Supernatural   Religion ; 

an  Inquiry  into  the  Reahty  of  Di- 
vine Revelation.  Complete  Edition, 
thoroughly  revised,  with  New  Preface 
and  Conclusions.   3  volSb  Svo.  361; 

Lectures  on  the  Origin 

and  Growth  of  Religion,  as  Ulus- 
t rated  by  the  Religions  of  India ; 
being  the  Hibbert  Lectures  for  1878, 
delivered  at  the  Chapter  House,  Wcst- 
minster  Abbey,  in  1878,  by  F.  MAX 
MuLLER,  M.A.  Second  Edition.  Sra 
price  lOr.  61/. 

Introduction  to  the  Sci- 
ence of  Religion,  Four  Lectures  de- 
livered at  the  Royal  Institution ;  widi 
Two  E«;s.iys  on  False  Analogies  and 
the  Philosophy  of  Mythology.  By 
Max  MOllbr,  M.A.  Crown  Svo. 
price  io».  &/. 

The  Four   Gospels  in 

GndE,  with  Greek-Eogitth  Lexicoii. 

By  John-  T.  Wmn^  D.D,  Omtt. 

Square  32mo.  5x. 

Passing    Thoughts  on 

Religion.  By  Elizabeth  BLSewblu 

Fcp.  Svo.  3.f.  td. 
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Thoughts  for  the  Age. 

by  Elizabkt!!  M.  Sewell.  New 
Eiditiun.    Fcp.  8vo.  3/.  6U. 

Preparation  for  the  Holy 

Communion ;  the  Devotions  chiefly 
from  the  works  of  Jeremy  Taylor.  By 
EuzABBTH  M.  Sbwblu   3^no.  31; 

Bishop  Jeremy  Taylor's 

Entire  Works ;  with  Life  by  Bishop 
Heber.  Revised  and  corrected  by  the 
Rev.  C.  P.  £d£N.    10  vols.  £^  5/. 

Hymns  of  Praise  and 

Pimjer.  Corrected  and  edited  by 
Rev.  John  Martineau,  LL.D. 
Crown  8vo.  4J.  G<i.    32mo.  is.  6t/. 

Spiritual  Songs  for  the 

Sundays  and  Holidays  throughout 
tbe  Year.  Bv  J.  3.  B.  Momsbll, 
LL.D.   Fq».  Svow  Jr.  iSna  2s, 

Christ  the  Consoler;  a 

Book  of  Comfort  for  the  Sick.  By 

Ellice  Hopkins.  With  a  Prefoce  by 
the  Bishop  of  Carlisle.  Second  Edition. 
Fcp.  8vo.  ^.  6^ 


Lyra  Germanica;  Hymns 

translated  from  the  German  by  MisK  C 
WiNKWoRTii.    Fcp.  8va  5*. 

The  Temporal  Mission 

of  the  Holy  Ghost ;  or,  Reason  and 
Revelation.  By  Henry  Edward 
Manning,  D.D.    Crown  8vo.  8».  6eL 

Hours  of  Thought  on 

Sacred  Thing's ;  a  Volume  of  Ser- 
mons. By  James  Martineau,  D.D. 
LL.D.   Crown  Svo.   Price  74;  (ttL 

Endeavours    after  the 

Christian  Life  ;  Discourses.  By 
James  Martineau,  D.D.  LL.D. 
Fifth  Edition.   Crown  8va  is,  6tL 

The  Pentateuch  &  Book 

of  Joshua   Cfiliailhr  Fwmfhed. 

By  J.  W.  CoLENso,  D.D.  Bishop  of 
Natal.    Crown  Svo.  6x. 

Lectures  on  the  Penta- 
teuch and  the  Moabite  Stone  ;  with 
Appendices.  By  J.  W.  Colenso, 
D.D.   Bishop  of  Natal.   8vo.  I2x. 


TRAVELS,   VOYAGES,  &c. 


A  Voyage  in  the  *Sun- 

beanv  our  Home  on  the  Ocean  for 
BtefCB  Momiit.  By  Mrs.  Brassby. 
Cheaper  Edition,  with  Map  and  65 
Wood  Engravings.    Crown  Svo.  Jj.  (ni, 

A  Freak  of  Freedom ; 

or,  the  Republic  of  San  Marino.  By 
J.  Theodore  Bent,  Honorary  Citizen 
of  the  same.  With  a  Map  and  15 
Woodcuts.   Crown  Svo.  Js,  6d* 

One  Thousand  Miles  up 

Hblt  Nile ;  a  Journey  through  r-g>"pt 
and  Nubia  to  the  Second  Cataract. 
ByAMBLiAB.EDWAS]>s.  With  Plans, 
Maps&  lUustiations.  Imperial  8vo.  421'. 

The  Indian  Alps,  and  How 

we  Crossed  them ;  Two  Years' 
Residence  in  the  Eastern  Himalayas, 
and  Two  Months'  Tour  into  the  Interior. 
By  a  Lady  Pioneer.  With  lUostra- 
tiona.   Imperial  8va  43/. 


Discoveries  at  Ephesus, 

Including  the  Site  and  Remains  of  the 
Gieat  IVmple  of  Diana.    By  J.  T. 

Wood,  F.S.A.  With  27  Lithographic 
Plates  and  42  Wood  Engravings.  Me- 
dium Svo.  by. 

Memorials  of  the  Dis- 

coverj  aad  Bariy  Settlement  of  the 

Bermudas  or  Somers  Islands,  from 
161 5  to  1685.  By  Major-General  Sir 
J.  H.  LmoY,  R.A.  With  Maps,  &c. 
3  vob.  Imp.  Svo.  6oir. 

Eight  Years  in  Ceylon. 

By  Sir  Samuel  W.  Baker,  M.A. 
Crown  Svo.  Woodcuts,  is,  6di 

The  Rifle  and  the  Hound 

in  Ceylon.  By  Sir  Sam  uel  W.  B.^ker, 
M.  A.   Crown  Sva  Woodcat%  7/.  6d, 
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Guide  to  the  Pyrenees,  , 

for  the  use  of  Mountaineers.  By 
CuARLBS  Packs.    Crown  8vo.  Js.  6d. 

The  Alpine  Club  Map  of 

Switzerland,  with  parts  of  the  Neigh* 
boaring  Countries,  on  the  acale  of  Four 
Miles  to  an  Inch.  Edited  by  R.  C 
Nichols,  F.  R.  G.  S.  4  Sheets  in  Fort- 
folio,  42/.  coloaied,  or  34^.  nncdoared. 

The  Alpine  Guide.  By 

John  Rall,  M.R.I. A.  PostSvawith 
Maps  and  other  Illustrations. 

The  Eastern  Alps,  los,  6d.  \ 


Central  Alps,  including  all 

the  Oberland  District,  "js.  6</. 

Western  Alps,  including 

Mont  Blanc,  Monte  Ron,  ZemmtX^  Ac 
Price  (ts.  6d. 

On  Alpine  Travellings  and 

the  Cfeology  of  the  Alps.  Price  ij; 
Kither  of  the  3  Volumes  or  Parts  of  the 
<  Alpine  Gidde'  mar  be  hid  wiA  tfafs 
IntrodncdoD  pfefixed,  I/,  extra. 

The  Fenland  Past  and 

Present  By  S.  H.  Miller,  F.R.A.S. 
F.M.S.;  and  S.  B.  J.  SkerTCHUT, 
F.G.S.  of  H.M.  Geological  Survey. 
With  numerous  Illustrations  and  Majis. 
Royal  8vo.  3  ix.  6dL  Large  Ptqper,  top, 
folio,  50«.  half-moroooo. 


WORKS  of  FICTION. 


Novels  and  Tales.  By  the 

Right  Hon.  the  Earl  of  Beacons- 
PiSLl)vK.G.  GabhietEditioas,  complete 
hi  Ten  Vdamci^  crown  8vo.  6r.  each. 


Lotfaair,  6r. 
Coohigsb  J,  6r. 
8yhai,6r. 
Taacred,  6s. 


Vawlia,6r. 

Alroy,  Ixion,  &c  6j. 
Young  Duke  &c  6s. 
Vivian  Grey,  6r. 
Henrietta  Temple,  6s. 
Contarini  Fleming,  &c.  6$, 


Tales  from   Euripides ; 

Iphigenia,  Alcesds,  Hecuba,  Hden, 
Malea.  By  Vincent  K.  Cooper, 
M.  A.  late  Scholar  of  Brasenose  College, 
Oxford.   Fcp.  SvOb  3«.  €d. 

Whispers  from  Fairy- 
land. By  the  Right  Hon.  E.  II. 
Knatchbull-Hugessen,  M.P.  With 
9  lUnshratioiii.   Crown  8vo.  3r.  €d. 

Higgledy-piggledy ;  or, 

Stories  for  Everybody  and  Every- 
body's Children.  By  the  Right  Hon. 
E.  H.  Knatchbull-Hugessen,  M.r. 
With  9  lUustiatioos.   Cr.  Svo.  jx.  (>d. 


Stories  and  Tales.  By 

Ei.TZATiKTH  M,  Sewei.l.  Cabinet 
Edition,  in  Ten  Volumes,  each  contain- 
ing a  oon^lete  Tale  or  Stoiy : — 

Amy  Herbert,  2s.  6d.  Gertrude,  2x. 
The  Earl's  Daughter,  2s.  6d.  The 
Experience  of  Life,  zs.  6d.  Cleve 
Hall,  2j.  6d.  Ivors,  2j.  6d.  Katharine 
Aditon,  2s,  &f.  Margaret  Perdval, 
3r.  6(/.  Lmetcn  PMnMoagie^  y.  6^ 
Ufiii]a»  3f.  &f. 

The  Modem  Novelist's 

Library.  E.ich  work  comjilctc  in  itself 
price  2s.  boards,  or  2-s".  6d.  cloth. 

By  Lord  BeaCONSFIELD. 
Lothair. 
Coniugsby. 
SyWL 
Tancred. 
Venetia. 

Henrietta  Temple. 
C<»itarini  Fleming. 
Alray,  IxioOy  ftc* 
The  Youngf  Mn,  Ac 
ViffiaflGrcy. 
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THE  MODERN 

B7  Anthony  Trollope. 

Barchester  Towers. 

The  Warden. 
By  Major  Wuyte-Melvillb. 

Digby  Gfsad. 

General  Bounce. 

Kate  Coventry. 

The  Gladiators. 

Good  for  Nothing. 

Holmby  Hoofe. 

The  Interpreter. 

The  Qneen's  Maiks. 


NOVELIST'S  LIBRARY- 

By  the  Author  of  '  The  RoM  Gudeo.' 
Unawares. 

By  the  Author  of  '  Mile.  Mori.* 
The  Atelier  dn  Ljs. 
Mademoiselle  MocL 

By  Various  Writers. 
Atherstone  Priory. 
The  BnigQiiiMtei's  Pani^, 
Eisa  and  her  Vnttore. 
The  Six  SIsteis  of  the  Vallejps. 


The  Novels  and  Tales  of  the  Right  Honourable 

the  Eail  ef  Besconsileld;  K.G*  Complete  in  Ten  volmnesy  crown  8va  doth 
eztia,  gilt  edgea^  price  3or. 


POETRY   and    THE  DRAMA. 


Lays  ol  Ancient  Rome; 

with  Ivry  and  the  Armada.  By  Lo&D 
Macaulay.  i6mo.  jj,  (kI. 

Horatii  Opera.  Library 

Edition,  with  l.ngli.sh  Notc>,  ^^arginal 
References  &  various  Rcailini^s.  iMlited 
by  Rev.  J.  £.  Yon6B»,M.  A.  8vOb  21/. 

Poems  by  Jean  Ingelow. 

avds^fi^ovo.  lox. 

First  Series,  containing  'Divided,'  'The 
Star's  Monument/  «S:c.    Fcp.  8vo.  5x. 

Second  Series,  •  A  Story  of  Doom,' 
•  Gladys  and  her  IsUnd,*  ftc.  $/. 

Poems  by  Jean  Ingelow. 

Hist  Seriesi  imh  nearly  100  Woodcat 
nhutrations.   Fq».  4ta 

Brian  Bom,  a  Tragedy. 

By  J.  T.  B.   Crcnm  8va  6r. 


Festus,   a    Poem.  By 

Philip  James  Bailey.  loth  Edition, 
enlarged  &  revised.  Crown  8vo.  I2f.  fidT. 

The  Iliad  of  Homer,  Ho- 

mometrically  translated  tiy  C.  E. 
CAYLBYyTrandator  of  Dant^a  Come^, 
&C.  8vo. 

The  ^neid  of  Virgil. 

Trandated  hito  English  Verse.  By  J. 
CONiNGTON,  M.A.   Crown  8vo.  91; 

Bowdler's  Family  Shak- 

qieare.    Genuine  Edition,  in  i  vol. 

mctlium  8vo.  large  type,  with  36  Wood- 
cuts, I4J-.  or  in  6  vols.  fcp.  8vo.  2IJ. 

South  ey's  Poetical 

Works,  with  the  Author's  last  Cor- 
rections and  Additions.  Medium  8vo. 
with  Portrait^  I4r. 


RURAL   SPORTS,    HORSE   and  CATTLE 
MANAGEMENT.  <Scc. 


Annals  of  the  Road ;  or, 

Notcf;  on  Mail  and  Stage-Coaching  in 
Great  Britain.  By  Captain  Malet. 
With  3  Woodenti  and  10  Coloured 
lUnstrationa.  Medhun  8va  sij; 


Down  the  Road ;  or,  Re- 

mini-rcMic  's  of  a  Gentleman  Coachman. 
By  C.  T.  S.  Birch  Keynardson. 
Second  Edition,  with  le  Cdottrtd 
niostiations.   Medinm  8vOb  su; 
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Blaine's  Encyclopaedia  of 

Rural  Sports;  Complete  Accounts, 
Historical,  Practical,  and  Descriptive, 
of  Hunting,  Shooting,  Fishing,  Racing, 
&c.    With  600  \Vo«iaits.    8vo.  21/. 

A  Book  on  Angling  ;  or, 

Treatise  on  the  Art  of  Fishing  in  every 
branch  ;  including  full  Illustrated  Lists 
of  Salmon  Flies.  By  Francis  Francis. 
Post  8vo.  Portrait  and  Plates,  i^s. 

Wilcocks's  Sea-Fisher- 
man :  comprising  the  Chief  Methods 
of  Hook  and  Line  Fishing,  a  glance  at 
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